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und Dichtewerten zu erwartende Rate, die etwa um
einen Faktor 2.7 hoher ist. Dieser quantitative Un-
terschied ist gut verstandlich im Hinblick auf die an-
gegebenen Fehlergrenzen und im Hinblick auf die
zur Zeit noch nicht sehr sichere Kenntnis von An-
regungsquerschnitten, die in die Rechnungen ein-
gehen; zudem haben die Anregungsstofe der hier
zusiatzlich anwesenden energiereichen Elektronen und
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die weitgehende optische Dicke der Lymax-Strahlung
die Tendenz, die Rekombinationsrate etwas zu er-
niedrigen.

Fiir die Unterstiitzung dieser Untersuchungen bin
ich sehr dankbar dem Max-Planck-Institut fiir Physik
und Astrophysik, Miinchen, und der National Science
Foundation.
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The present paper is essentially devoted to the study of instabilities of electrostatic waves in a
current-carrying collisionless plasma. As the underlying physical cause of the instabilities is the
same as that of the Lanpau damping in an electron plasma, a detailed analysis of the latter is first
given. It is shown that the damping may be considered as being due to the fact that there are more
electrons in the phase-region where energy is absorbed by the particles from the field than in the
phase-region where energy is given up to the field.

We then proceed to the evaluation of the energy absorption A4 of the resonant particles, first in the
absence of an external magnet field, B, next when the wave is propagated under an arbitrary angle
with respect to B,. When 4 > 0, the wave is damped, and vice-versa. Without appeal to a dispersion
equation, stability criteria can thus be found, dependent on the wave frequency and wave-vector.
Next some special cases are investigated and compared with the results of other authors where such
results exist.

As a consequence of the fact that some ions and electrons, the resonant particles, experience a
constant electric field, these particles also experience a constant drift transverse to both E and B .
This drift gives rise to a transverse current which is closely related to the damping or growing of
the wave. An expression for this current, averaged over one wave-length is found.

Later Buneman 43 studied two-stream instabili-
ties thoroughly and found some stability criteria.

When thermal motions are taken into account,
the phenomena become more complicated, and the

I. Introduction

In the latest years many authors have been in-
vestigating the stability of two interpenetrating

components of a plasma when particle-collisions are
neglected. This phenomenon is of considerable in-
terest in the study of ionized gas discharges, klys-
trons, throchotrons and perhaps the most important,
in the study of different fusion experiments.

The first theoretical investigation of instabilities
of this kind was done by Pierce ! and Haerr 2. They
showed that two interpenetrating streams with no
thermal motions can be unstable. A physical ex-
planation of this kind of instability was given by
Bouwm and Gross 2.

* Permanent address: Department of Mathematics, Univer-
sity of Bergen, Bergen (Norway).
J. P. Pierce, Proc. Inst. Radio Engrs. 37, 980 [1949].

V. Haerr, Proc. Inst. Radio Engrs. 37, 4 [1949].

physical cause of the instability or damping is more
obscure.

To solve the adequate dispersion equation for the
problem, different approximations must be made.
Jackson ¢ and Pexrose? employed the Nyquist cri-
terium and were able to find some general criteria
for stability of a wave propagating in a collisionless
many component plasma without external fields.

While Pexrose used non-Maxwellian distribution
functions for the different plasma constituents,
A. Jackson ® studied the stability of two Maxwellian

5 0. Bunemany, Phys. Rev. 115, 513 [1959].

6 J.D. Jackson, Plasma Phys. (J. Nucl. Energy, Part C) 1,
171 [1960].

O. Pexrosg, Phys. Fluids 3, 258 [1960].
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O. Buxemany, Phys. Rev. Letters 1, 104 [1958].

8 E. A. Jackson, Phys. Fluids 3, 786 [1960].
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DRIFT INSTABILITIES IN A COLLISIONLESS PLASMA

components of a plasma with different drift velo-
cities. JacksoN used a graphical technique and gave
a detailed analysis of how the instability depends
on the wavelength, the difference in drift velocity
of the two components, the ratio of the DEBYE
lengths and particle masses.

Animated by some experimental results from the
B-3 Stellarator, BernsteIN, FriEMaN, KuLsrup and
RosexsLura ? in a short note, investigated the wave
instability in a collisionless two component plasma
embedded in an external magnetic field. As the wave
frequency was rather low, the instability was essen-
tially that of an ion wave.

The authors showed that these ion wave instabili-
ties could lead to a transport of plasma across the
magnetic field and were thus able to give a tentative
explanation of the observed particle loss in the Pro-
ject Matterhorn B-3 Stellarator (Seirzer 1?). (Recent
experiments, Stopick et al. ' and MorLey 2 indicate,
however, that the loss of particles cannot be explain-
ed in full as being due to ion wave instabilities.)

Later BerxsteIN and KuLsrup 12715 gave a broad-
er treatment of ion wave instabilities, deriving dis-
persion equations which they solved for different
limiting cases.

It is shown that when the relative velocity be-
tween ions and electrons is large enough, ion wave
instabilities occur.

Further investigation was undertaken by Sumi 16
which studied plasma oscillations in an external
magnetic field and an external electric field. A drift
is thus produced by the latter field and it is in
addition time-dependent. The strength of the elec-
tric field is, however, assumed very small in Sumr’s
work.

Many other papers on drift instabilities have ap-
peard. The above “list” is thus not complete but is
fairly representative as a background for the pre-
sent investigation.

In this paper drift instabilities will be studied from
a physical point of view, namely by calculating the

9 1. B. BernstEly, E. A. Frieman, R. M. Kuvrsrup, and M. N.
Rosexsrurs, Phys. Fluids 3, 136 [1960].

10 1,. Sprrzer, Phys. Fluids 3, 659 [1960].

11 W. Sropick, R. A. Eius, Jr., and J. G. Gorman, Salzburg
Conference on Nuclear Fusion 1961, Suppl. Part I, p. 193.

12 R. W. MorLey, Salzburg Conference on Nuclear Fusion
1961, Suppl. Part I, p. 199.

13 1. B. Bernstery and R. M. Kuisrup, Phys. Fluids 3, 937
[1960].
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transfer of energy from the particles to the wave
(instability), or from the wave to the particles (sta-
bility). When there is no transfer, the wave is a
neutral one.

Without appeal to the dispersion equation, pre-
liminary stability criteria (criteria where the real
wave frequency and wavenumber appear) will be
found. The calculations are an extension of previous
works by the writer, Kitpar 17719 where the Laxpau
damping was calculated from energy considerations.
As the same considerations now are applied to the
drift stabilities or instabilities, the latter may thus
be caracterised as a generalized Lanpau damping
or growing. The origin of the phenomenon is in any
case a resonance effect, as particles with a certain
velocity experience a constant electric field when
moving in the wave.

As we lean so heavily on the physical mechanism
of Laxpau damping, we shall present some com-
ments on the latter in addition to what is said in the
previous papers.

II. The Physical Mechanism of Landau Damping

The correct expression for the damping in the
non-magnetic, long wave-length case,

k dw) ;7 (@
o(l-F) W (),
has been calculated by Dawson?’ and by KirpaL
from a physical point of view.

7T wp?

y=— =

SN (2.1)

In (2.1) w=wave frequency, k£ =wave number,
wp = plasma frequency, /N =electron density and
fo (v) =electron distribution function. The physical
conditions are an unbounded electron plasma neu-
tralized by motionless ions and no particle collisions.

In order to arrive at (2.1) valid for both y >0
(damping) and y<O0 (growing) an analytic con-
tinuation had to be performed as the expression
derived was valid only for y <0. See Kitpar!? (here-
after Paper III), where also the physical meaning
of the continuation is recorded.

14 1. B. Bernsteny and R. M. Kuisrup, Phys. Fluids 4, 1037
[1961].

15 1. B. Bernstein and R. M. Kvisrup, Phys. Fluids 5, 210
[1962].

16 M. Svwmi, J. Phys. Soc., Japan 16, 1718 [1961].

17 A. Kwpar, Nuovo Cim. 20, 104 [1961].

18 A. Kipar, Plasma Phys. (J. Nucl. Energy, Part C) 3, 256
[1961].

19 A. Kiwpar, Nuovo Cim. 24, 1107 [1962].

20 J. Dawson, Phys. Fluids 4, 869 [1961].
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We see from (2.1) that when f, (w/k) <O the
wave is damped and when f, (w/k) >0 it is a grow-
ing wave. We shall now show that the physical con-
tent of this fact is the following. In the case of in-
stability, the density of particles with velocity w/k
is larger in a phase region where energy is given up
to the field than in a region where energy is absorb-
ed by the particles from the field. For damping the
contrary applies.

To demonstrate this, some results from Paper 111
will be borrowed.

We let the electric field vary as

E = E0 eilkz—w't) _ EO e 7t ei(k1'~mt)’ (22)

where @’ = —iy is the complex frequency. The
perturbation f;, of the distribution function fg.(v)
is then found to be

eE ,—yt fo ()

fle(x’ v, t) - —i*m’ e it (2-3)
the real part of which is
fre(z, v, 1) = L’f‘” e_ytﬂ)e (v) (2.4)

. —rcostkz—wie)+ (kv—w)sin(kz—w t)
(kv—w)2+y? ’

Here m = electron mass.

The energy absorbed by the resonant electrons is

given by

A= —e [ vE(ou(®) +h)dv  (25)
when calculated to zero order in y2!. The bar in-
dicates mean value in space, i.e., over one wave-
length.

Now since v and fy (v) are independent of z, the
mean value of v E fy, is zero, and the only contribu-
tion to (2.5) comes from v'E f;,. From (2.4) we
see that fi, has one component f;, proportional to
sin(kz—wt) and another component fi. which is
proportional to cos(kz—wt). Only the latter con-
tributes to E fi .

From (2.4) we see that for particles with a velo-
city v essentially different from w/k, i.e. [kv—o |
>y, the function f1¢> f1.. For particles such that
vw/k, f1e < f1e. As it is the latter group, the re-
sonant electrons, which (':'ontributes to A, in the case
y — 0, we shall neglect f-

21 Tn this paper and in other papers of the writer referred to,
A is always calculated to zero order in y, which physically
means that only the resonant absorption is considered.
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Then E and f.(va~w/k) are in phase. Let us now
assume a growing wave y <0, i.e. f, (w/k) >0.

Looking at Fig. 1 this means that there are more
electrons at A than at B where A and B are two
points in the wave, symmetric with respect to a

fre/ 151

point C where E=0. The particles at A give up
energy to the electric field while those at B absorb
energy from the field. As the number of electrons
at A is larger than the number at B, in the mean
over / energy is absorbed by the field and the latter
grows. The increment factor — y is found from the
expression

2y=A|W, (2.6)
where
W — E? e 2rt. (1 _*k fj,“?) -1, (2:7)
8= w dk

is the energy density in the wave in the laboratory
frame.

The same considerations may be applied to the
case y>0.

I11. Drift Instabilities without an External
Magnetic Field

We shall now use the same method as in our pre-
vious papers to calculate the damping when both
electrons and ions are taking part in the motion.
We shall further assume that there is a displacement u
between the points where fy,(v) and fy(v) have
their maxima and consequently there is a current
in the plasma. The formula for the energy absorp-
tion is

00777 . o0
A= —e[vEf dvte [ vEfy;dv, (3.1)
— oo — 00
where the bar indicates meanvalue in space. Substi-

tuting from eq. (2.4) and the analogous expression
for fy;, the ion distribution function, we get:
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_ L epe gty [ —2AUm) fo @)+ Q) fu(e)] do
A=— 1 EEte?r /v s ! . (3.2)
f— 2 ’ ’
Now, in the limit y/k— — 0, we obtain 4= 7—93;:5]\,2 Es2 e 21t [f(]e (v) + ,;"7 foi (v)} . (3.3)
The energy density of the wave being given by (2.7), the imaginary part of the frequency becomes
_ Ao () k do\l[p (@) o my (o
YT (1 o dk)[foe(k)+Mf°'(k)]' (23}
A necessary criterium for instability is thus fge (%) + % foi (%) >0, (3.5)

a condition which agrees with the result of the authors referred to which have done similar calculations
based on the dispersion equation.

Let us now see what the physical meaning of condition (3.5) is, remembering that we are studying the
case y/w < 1. We have in view of what is said in section 1, that f;; is essentially given by

) . _ 4 Ey ¢ —yit Y cos(kz—w tl
hij(z, v=w/k,t) s foj (v) e —Fr—a)i iy (3.6)
for the resonant particles. (j=e,i and g.= —e, ¢gi=e).

With the distribution functions given by

_N(_m™ \* _m—u? | (W) =N [ M\ [ — M2 |
foe(v)—A(2nxTe) CXP{ 2xTe |’ foi @) N(2nxTi) expl 27T
we see that f(',e (w/k) >0 and f(')i (w/k) <0, and the condition (3.5) is essentially
%‘ [fle(x: O.)/k, t) —fﬁ(l’,(u/k, t)]>0 or |f1e(x’ (D/k,l)|>|fﬁ(l‘, w/k5 t)" (3'7)

I. e.; at a point in the wave where £ >0 the number of electrons fo,+ fic(®/k) must be larger than the
number of ions, and when E <O, the contrary applies. That is, the ions in mean over a wavelength are
taking energy from the wave, while the electrons are giving energy to the wave, the latter quantity being
larger than the former.

When | fre(x, @[k, 8)| = | fri(z, wfk, t)]

we have a neutral electrostatic wave. This does not mean that nothing unusual takes place in the plasma.
We have still the resonance phenomenon. Some particles always loose energy, other always gain energy
and the linear theory is valid only a short line.

We also want to point out that the criterium (3.5) or equivalently (3.7) is not sufficient for instability
as we do not know if the real dispersion relation has a solution such that w/k satisfies this criterium.

IV. Drift Instabilities in the Presence of an External Magnetic Field

We shall now include an external magnetic field in our calculations and shall also limit ourselves to
equilibrium distribution functions which are Maxwellian i. e.

(o) =N [ M Ve [— M !
fur(erv) =N (52N exp [~ M (@40, (4.1)
foe(0,v.) =N (ﬁ”;—Te)l/z exp l _T:T; [Q2+ (v: — u)2]} . (4.2)

Here 0> =v,?+v,% T. and T; are the electron and ion temperature respectively, » = BoLrzmany’s constant.
The external magnetic field which is homogeneous is directed along the z-axis and we have introduced a
drift u in the electron distribution function given by (4.2).
For the case that the ions are motionless and that u =0, the absorption has been calculated in a previous
paper '8, to be referred to as paper II. As the formulas there can be generalized to the present case with-
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out much additional calculations, we shall take advantage of this and refer the reader to that paper for
details.

From paper 11 we find that the absorption eq. (17) is

A= /;;27< EZe27%) Im Zf [ foe (0, 0;) — "wct’f"ﬂghmﬁﬂ o do dv, (4.3)

— 0

when y<0 (growing waves), and

A= it ﬂ”hnZLf9d°’2k“ [/V“Dw”"%+“”)dm+2nzwzm@um] (44

when >0 (damped waves). Here an analytic continuation has been performed in order to make y con-
tinuous for y— +0.

The notation is: k=|k|=wave number, k; =ksin0, ky=Fkcos @ where 0 =angle between B, and k,
o' =w—iy,u,= (0 —nwy)/ks, I,(kyr) is the BEsseL function of first kind and n’th order, w,= gyra-
tion frequency and r =/w, gyration radius for electrons. We have also used the fact that for a pure longi-
tudinal wave

E,= % E, E,= %E, where E=Ejexp{i(kr —»'t)}. (r=position vector.) (4.5)

The perturbation of the distribution function is then given by (eq. II-13)

fle = ;?Tff fOe e ikircose _Zm e ]n (k1 T) = :c?flg;;j S (4.6)

Here fy is given by (4.2) with u=0. When u =+ 0, the only difference is that the numerator n wg,+ ks v,

must be replaced by n @ + ks (v, —u). The consequence for A is that (nwe,+k,v,)% must be replaced

by (nwe+kov,) [nwee+ky(v,—u)]. The energy absorbed by the ions is found from (4.3) and (4.4)
on replacing w., by w.;, the ion cyclotron frequency, m by M and fy. by fo.

Adding the resonant absorption due to ions and the absorption due to electrons and assuming y/ks — 0,

we get for the total resonant absorption [either of the expressions (4.3) and (4.4) can be used for this
case] :

E2 _o, T e < o [ M \*+ _ [ M w—n wei \2
A=20 e 2rt]/Z [ww'- — )" e I,(») ex _*A7< el }
g /5 n A A PT Y O e = o\ k

+ (0 — ko) 02 (;";;)' “eve I, (v,) exp {— o (“’";:‘Jcﬁ o u)“’}] . (47

To arrive at this result, we have used the identity

[12( —mi g2l odo *Tigmn ], (v,
/]" < 9) eXp{ 2ij9}9‘19— my & I (%3) (4.8)
0

wej

where 7,,(7;) is the modified BesseL function of the first kind and where »; =k T;/m; w2 (j=ion or
electron).
From eq. (4.7) we are now able to derive the damping factor when the energy density W is known.

To find the criterium for instability we only have to demand 4 <0, i. e. the expression in the parenthese
[ ] must be negative. From this, the minimum current or drift u necessary to give instability can be found.
Different special cases may now be studied.
Case I. Letus assume a) [o—kyu| <1, b) : > 1, ¢ Fve < , d) Fivi g, (4.9, .10)
k2 Ve Wce @ei

where ve= (2% To/m)" and v;= (2% T;/M)".
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Then only I,(v.) =1 needs be kept in the series expansions and we obtain

A=

The condition for instability becomes simply

E?, 2yt1/>
4n 8 K2k,

As the dispersion equation for this case gives, (BERNSTEIN et al.9)

w = wp; ks 1De[1 + (kyJ

the condition can also be written

u> Wy Ape [1 + (ks pe) 2 +

(R; =ion gyration radius).

Case I1.
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O30 Al (4.11)

e (4.12)
e

2! 2>2} o (4.13)

We shall now assume 7, < 1, which means that we can put I (v,) ~1, I,,+ (=0, when (4.9a)

is retained. For the ions we assume W=z —; (®,; is negative) and that only the therm with n= —1 gives

any essential contribution to the absorption:
' O+ oci

2 Vi

Then we get:

A e e 2 (LM N ] (s
A= =g s K2k (0 —kyu) wpe Te) + o wy; T e ().

Hence for instability > kﬁ [1 + V% <%)1/’ e I (v)

l(,L) ",60(:1‘I
<
=L =5

2 Vi

>1, for other n.

(4.14)

(4.15)

Case III. We assume w=n; 0g, ve <1, [w%:wm <1 2_;%1 >1 for n*n, and (4.9a).
L | s gl
(4.16)
g 2 3/s a5 =0
Then A= Eolq/7 o [(a)—kgu) w2, (7%) +ww§i(;’lff) e ”lln(vi)] . (4.17)
1

If <1, one may write ,(»;) =»"/n!2" and
e "i~1, which gives for instability

K23 M\ Te )\ win
> (”(m) (Ti) 2nn!>'

V. Expression for the Current Density,
Transverse to E and B,

(4.18)

Instead of calculating more special cases of A4
we shall turn our interest to another effect closely
related to the instability or stability treated above.

As mentionned already, the cause of the energy
absorption is the particles which move with such a
velocity that the electric field they experience has a
constant component E’. In the non-magnetic case
these particles are moving with the velocity w/k and
in the magnetic case all particles with a v, compo-
nent equal to (@ —n w,)/k, experience such a con-

stant field. We must then in the latter case also ex-
pect a constant drift vp=[E’ x B,]/B? for just
these particles, being thus transverse to both the pro-
pagation vector k and the magnetic field. Since E’,
the electric field experienced by these resonance-
particles, changes sign sinusoidaly along K, the par-
ticles drift both along the positive y-axis as well as
along the negative one. But since also the number of
particles changes along the wave as mentionned in
section 2, a net current may develop. This is the
case for both electrons and ions. The particle drift
may also be such that the electron current and the
ion current cancel each other, and a zero current
density results. This happens when the waves in the
plasma have zero damping, i. e., for neutral waves.

As an adequat expression for the flux of resonant
particles, we may calculate the current density
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(jy) res - We shall also derive the relation with the
damping factor and the absorption A4, calculated in
the previous section. We could as well calculate the
transport of momentum or energy.

The drift velocity vy is directed along the y-axis
and has the value vp = — E,/B, . The current density

By modifying expression (4.6) we have

DRIFT INSTABILITIES IN A COLLISIONLESS PLASMA

is then when averaged over one wave length 4:

(jy)res: ‘Beo“/'rEzi(ﬂ;—rfli)ivdsv ’ (51)

as the average of E,(fo.— foi) is zero. As we see
(jy) res 1s of second order in the perturbed quantities.

_ €E 4 —ikreosq Zm nt1 nocetky (=1 Ling

fle 2 Tek fOe ¢ = ! In (kl re) [noe] ¢ ’ (ad)
_— —6_1'2_ . p—ikrcosg = ‘n+1 X n,“ji‘l‘sz"{ ing

hi= g e M it ] (ky i) . (5.3)

—

where [ngj] =nw;+kyv,—w+iy=ngj+iy, (say) and where the complex frequency w’' = —iy, where

w 1is real.

By introducing (5.2) and (5.3) into (5.1) we obtain after integrating over ¢ and averaging in space:

AR Eky oy
By x k2

3]

0

(]y) 168 =

gde [ dv. net +72

foe 7[n wce
Te

Here we have employed the relation

22
fi"exp[——iklrcos<p+in(p] dp=2xJ,(k 1) .
0

+kz(vzfu)]

1,2 <ALQ,> oL Joi 7 (n weit ks v2)

o
Wee T; noi+y2

)}

(5.5)

If we now assume that y/k, — 0 and further use the relation (4.8) we can perform the integrations over

dv, and o do. The result is, when (4.1) and (4.2)

2 =2yt k
(j;y)res= Eo’ei, kl

1

By taking account of the expression for the ab-
sorption eq. (4.7), the current (j,) s can be written
ky
o B, 4. (5.7)

From the calculations we infer that the current
(jy) res is non-zero when k; & 0, i. e., when the wave
propagation is not along the magnetic field, and
when A4 # 0. We also observe that (j,) s = 0 whe-
ther the wave is a damping or growing one, that is
whether the drift velocity u, is above or below the
critical velocity u, for instability. (j,)es only
changes sign when one passes from u>u, to u <u,.

We also repeat that even when 4=0 and thus
also (j,)res» we still have a flux of particles along
the &y directions.

(]y) res — -

are inserted:

) _ 2 ((m \ — m [(e—roe) _ ]
BVEhksz_w{(w kzu)wpe(xTe) e In(vp,)exp{ 22%[( ko ) u]}

D) M \¥ _. — = \2
+cu51w(;F) e 1 1,(») exp{— i (—(5)19“)}}.

(5.6)

2xT; ks

We observe that only particles in a narrow region
around v,"= (@ —n w,) [k, contributes to the cur-
rent (j,)res. This is connected to the fact that only
these particles have a constant drift velocity. How-
ever, other particles lying in a little larger region
around v,” will move very far before they return,
and if the plasma is limited in the y-direction, this
would mean an increased flux of resonant — and
almost resonant particles along this direction.

At last we should like to mention that the derived
current (5.7) could be measured if, by some means,
the electric field £ could be kept undamped even in
a case where 4= 0. If, however, the longitudinal
oscillations are intrinsic waves in the plasma, the
existence of an absorption different from zero leads
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to a damping of the electric field. The damping leads
in turn to a polarization current, where all the par-
ticles in the main plasma, as distinguished from the
resonant particles, take place. This current averaged
over one wave-length, has the same magnitude as
(jy) res and the opposite direction, thus cancelling

453

Acknowledgments

The author is grateful to Dr. Trocueris and DieTrIcH
Vostameer for stimulating discussions of the present
paper.

The investigation has in part been supported by the
Royal Norwegian Counsil for Scientific and Industrial
Research.

Beschleunigung von Plasma
Von W. Biecer, H. Gresser, P. Norr, H. Tuczex

Aus dem Institut fiir Plasmaphysik der Kernforschungsanlage Jiilich

(Z. Naturforschg. 18 a, 453—459 [1963] ; eing

am 17. D ber 1962)

The generation and properties of plasmoids emitted by a conical electrodeless ring discharge
are investigated. Image converter, magnetic probes, compensated magnetic loops and a retarding

field analyzer were used for diagnostics.

There are two mechanisms of emission depending on the initial plasma density.

At low densities, when the ions can be regarded as free particles, the acceleration is caused only
by the electromagnetic field at the beginning of the discharge.

At high densities, when the plasma behaves hydromagnetically, the emission mechanism is
governed by trapped magnetic fields in the plasma. Under certain initial conditions a plasmoid with
a trapped magnetic field is generated, which exists during a time of flight of the order of 10 us.

Furthermore it is planned to accelerate this plasmoid by a special transmission line.

Es wird iiber Versuche berichtet, bei denen Plasma
auf gerichtete (longitudinale) Energien im keV-Be-
reich beschleunigt wird. Durch teilweise Transforma-
tion dieser longitudinalen Energien in transversale
soll ein Einfang in einer geeigneten Magnetfeld-
konfiguration ermoglicht werden, so dafl ein Plasma
hoher Temperatur entsteht.

Am einfachsten sind diese Vorgénge, wenn man
die Wechselwirkung der Ionen im Plasma vernach-
ldssigen kann, d. h., wenn man das Plasma mit dem
Einteilchenmodell beschreiben kann. Die Beschleuni-
gung kann durch ein inhomogenes zeitlich schnell
veranderliches Magnetfeld erfolgen, wahrend sich
zur Energietransformation Methoden anbieten, wie
sie von FEpORCHENKO et al. !, SiNELNIKOV et al.2 und
Dreicer et al. 2 fiir monoenergetische Elektronen ver-
wendet wurden.

Ist die Wechselwirkung der Teilchen nicht mehr
zu vernachldssigen, so daf} sich das Plasma z. B.
hydromagnetisch verhilt, so werden die Vorginge
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vor allem durch im Plasma eingefangene Felder
komplexer. Auch in diesem Falle kann man inhomo-
gene zeitlich schnell ansteigende Magnetfelder zur
Beschleunigung verwenden. Die erreichbare Plasma-
energie ist jedoch durch den erforderlichen tech-
nischen Aufwand auf die GroBenordnung 100 eV
begrenzt. Hohere Energien kann man durch Ver-
wendung eines beschleunigten magnetischen Kolbens
mittels einer Laufzeitkette erreichen 4 5.

Diese Beschleunigung sowie die Energietransfor-
mation hingen von den Eigenschaften des Plasmas
ab. Insbesondere beeinflussen eingefangene Felder
Stabilitat und Verluste wihrend der Beschleunigung
durch den magnetischen Kolben.

In dieser Arbeit wird untersucht, welche Eigen-
schaften ein durch eine elektrodenlose, konische Ring-
entladung erzeugtes Plasma in Abhéngigkeit von der
Druckverteilung des Gases zur Zeit der Ziindung hat.
Eine Beschleunigung des Plasmas mit Hilfe einer
Laufzeitkette wird diskutiert.
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