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LIMITING VALUES OF THE LONGITUDINAL DIFFUSION
COEFFICIENT AND ,:,:w %mz_umz>icxm-_~mr>x>j02

TIME FOR A PLASMA IN A MAGNETIC FIELD')

SESTAK. B.Y) FOREJT. L.2) Plzen

Explicit expressions for the longitudinal diffusion coefficient D | and for the
lemperature-relaxation time tare derived for weakly-coupled plasma in an external

magnetic  field. Jt s shown that p (B=0)D (8= o) = lﬂ and o8 =0y
i

- These results are vitlid for both one- and two-component plasmas.

L INTRODUCTION

Lately a number of papers have dealt with the longitudinal diffusion and the
temperature relaxation of particles in g plasma in an external magnetic field.
Nevertheless, so far only little is known of the quantitative dependence of these
phenomena upon the magnetic field.

In a recent paper [I], Cohen and Suttorp studied diffusion processes in
a one-component plasma in an external magnetic field. On the basis of the first
O:mnam:-mzmwom approximation, they determined the longitudinal diffusion
coefficient D, for the case when collisions between identical-type particles played

the dominant role, and they showed that D(B = 0)/Dy(B = ) = m In our
2

carlier papers [2, 3, 4], we suggested that the longitudinal diffusion coefficient,
as well as the temperature-relaxation time, exhibited a similar limiting behaviour
in both one- and two-component plasmas. But the limiting values obtained
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particles in a weakly-coupled plasma in an external magnetic field. These ex-
pressions will be legitimate for arbitrary values of B, and on the basis of their
asymptotic behaviour we shall determine the limiting values of those quantities
as B-0or B- oo,

Il. TEMPERATURE RELAXATION OF PARTICLES IN AN ISOTROPIC PLASMA

In accordance with our earlier paper [3], the relaxation time 7,; for the
electron and ion temperatures to equilibrate with each other is given by the
relation

o) = m HTT)™" (mkg) ™ Qm fey T) - 4 0
where
A= Wswﬁ:@ + 6~ D + &)+ 1] @)
o + %
I= H a:ﬁ:l% du,, exp(—u; /o)g¥™yy, | Uy), 3)
0 —%

2, =000, 6= 60/00, o= vrfor, Uy, = (24T, m)'?

is the thermal velocity of the particles of the type j=e,i, u, = P. F\Sﬁ.cﬁ. ,
Uy = Py/mor, and g is the magnetic scalar potential for z Maxwellian
distribution of background particles [5]

8% por, Puy) = NQamey T)- JdPexp(— (2, + PO2mksT) G2, (4)

We can determine the generating function G® in the Same way as in our paper
[6],. Using the modified Debye potential [6] we get G® in the form

Y34
le

f="| av{iviiina 1(2kp|V,j/$2,

G pog ) Vel lin & + 1Qkeo| v, /2] + )

VA U QAo V2/Q) — K2kl Vi) 2] — Vel 1Q2keo| V.1 /52))

where [V, = _3\5& — p/mj, Vil = wf\\:w =+ Nwzv:w N\M__ = Doy/m, lﬁ‘__\wx:
A = kojkp, k5' and ko' being the Landau and Debye lengths respectively,
ko > kp, 2" = ¢%/&2 and the function /(x) has now the form

100 = B4 D = 1) Bi(—2) — Bi(— %) + e-/x — e~bs1x ’
TR DT — e ) A 1R+ 1) (g ©)
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m:vﬂ:::.:m Egs. (4) 10 (6) into Eq. (3) we get

7 =t m%: +0) A4 o 4 o)~ x

X ﬁ\“ d:= e7/(g.2) [6:2 - 40° — o) — 47 — 45> _ o)+ 87 +

x . , : )
+ ,\“ dze " /(0z) [~(o> — 20%) — 451 + 40°) + AumouL +
(
-+ A.‘.. dx(l + x)! u‘y dz e =(g) — (227 - 75 4 32y \A@.h:w
[{ 0
where
—1 N -3 42 3
T = 3 =Ny \ﬂv:{:..c,ﬁ , (8)

Q= N\,,cfb.\.: (1 + ), 6= N\,._VE.H.D.\.LA_ + )t U=vei). 9

The limiting valyes of 7., can be obtained easily by means of the relations
lim,_  I(x) & ~InA, limg_ J(x) = 0. Thus we get

(B = o) = 7oy + qﬁ:Nr.: 2, (10)

Tl (B =0)= 170Xl 4 o)t 1 (11

]

From Eqs. (10) and (11), it js clear that

In the case of 3 plasma of _.an::nm_-va particles, we can proceed in an
analogous way. On the basis of the collision integral derived in [7], and the
expressions for the 85@0588-853:.0: time for a one-component plasma
presented in [4), we again get the ratio T dB=0)/7, (B = ) = w

) 2

- LONGITUDINAL DIFFUSION oF PARTICLES IN A PLASMA

As our Starating point for the following calculation, we take the expression
for the longitudinal diffusion coefficient of electrons in an electron-ion plasma.
It has the form [2]

D' = — Nk Ty 22 [ dp o g Qi (13)
100

where Q;, is the corresponding element of the Q-dyadic [5), and /* denotes the
Maxwellian distribution of the particles of the type j. Taking into account that

EO.__,__HI 3 m; *G® p we can rewrite Diin the form

Dy) ' = —mm N> "(kyT) [dP M fdpM — PalmkyT)G®. (14)

From using Eq. va, we get
(Dy)'=pi ﬁ a1+ 6)"2Iny — 20(1 + o..v-_\% dze"I(gz) x
0

x T: +No¢: w %L + o(l + i-_% dze "l(gz) [2° + a’z] — (15)
(

- N‘. dx(l + kwv_b.‘, ‘an:..umuﬁk&mv - \Amw..uzw
0 0

where

D' = Nan,\wz\\mm\:xsew_. (16)

0 = (m;/m,)'"? the function /(x) and the expressions 0, @, being given by Egs. (6)
and (9). Eq. (15) gives the longitudinal diffusion coefficient for arbitrary values
of the magnetic field B. If g = I, ie e= Eq. (15) gives the self-diffusion
coefficient of 3 plasma of identical-type paraticles in a magnetic field.

From the limiting values of the function /(x), we can find the limiting values
of Di" (as well as D). Thus we get the following resuits

1/D5(B = 0) nwu.._qs +6%)""In 4, k13)
BB = ) = D701 4 )-121n (18
Oosmmacmsavﬁ
. . 3

This is the same relation as that derived by Cohen and Suttorp for the
case of a one-component plasma. Thus Eq. (19) extends the validity of the result
of the paper [1] showing it also holds for two-component plasmas,
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IV. CONCLUSION

We have shown that the ratio of the limiting temperature-relaxation times,
and the ratio of the limiting longitudinal diffusion coeflicients taken for a plasma
in an external magnetic field in the limits § -, 0 and B - o obey the one-half
and three-halves [aws respectively, and are independent of the species of the
particles. In addition, the limiting values are asymptotic ones under the con.
dition g, < A7, hence they can be used for a guiding centre plasma.
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BpemMeHu TeMnepaTyproit penakcauuu un:mmo_wu.a_:ZOhmmnawfo:nm TUIA3MBI, HAXOASWeHCs B Mar-
HHUTHOM none. Moxazano, yro OTHOLUEHHKE D,(B= 0)IDy(B =) PaBHO 1.5 W oTHoweHHe
B =0)/t(B= oo ) PaBHO 0.5 DT Pe3ysbTaTH HMeEIOT MecTo Kak nns ONHOKOMIIOHEHTHOIM, Tak Y
ANA NBYyXKOMIOHEHTHO# LEEIVINE
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