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Axnoranna—PaccMOTpeHE  3aKOHOMepHOCTH AufidysmoHHOro pacmaga IUIABME NpH
pexOMOMHAIMY JIA PA3IMYHBIX CIYYaeB CHMMETDUM.

NOMENCLATURE
D, ambipolar diffusivity;
o, recombination coefficient;
Qa
=P
termining the relation between diffusion
and concentration.

dimensionless parameter de-

IN STUDYING plasma decay forming, for
example, in electric charge or motion of
meteorites in the atmosphere, the change in
concentration of charged particles due to
recombination and diffusion should be taken
into account. A number of such problems are,
for instance, considered in [1-4].

If the density of the charged particles is not
very great, the diffusivity may be considered
constant (in the absence of a magnetic field);
and the problem consists in solving the dif-
fusion equation:

on 19 (  on 2
E—D;g(f 5;)-an (1)
with the appropriate boundary conditions; the
values v = 0, 1, 2 correspond to flat, cylindrical
and spherical symmetry in the density distribu-
tion of the charged particles n(r, t). Below some
approximate solutions of equation (1) in an
infinite region for v=0; 2 will be obhtained;
the case v = 1 has been earlier discussed in [4].
In order that the change in the particle
density be described by equation (1), the initial
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distribution of the particle density n(r, 0)
should possess an appropriate symmetry. How-
ever, the solutions for time moments sufficiently
far from the initial one are of interest frequently
in practice. Such solutions do not depend upon
the details of the initial distribution but only
upon some characteristics of it, first of all, upon
the integrals

Q= \n(r0)rdr

Qo= 8 Ot 8

n(r,0)r'*2 dr

o =

which are accordingly proportional to a definite
total number of the particles and the square of
the size of the region occupied by the particles
at the initial time moment. Since it is not the
particle density that is most frequently measured
experimentally but the quantities Q and I, it is
convenient to obtain, instead of the solution of
the initial problem, the dependence of such
quantities upon time.

Introduce the dimensionless variables into
equation (1)

p=r/l, ©=Dt/?
al? Qu
f(p’ T) = Fn(r, 1), &= W

The parameter ¢ characterizes the relative
contribution of diffusion and recombination to
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the change of the particle concentration. Trans-
forming equation (1), we obtain:

of 10 { of )
5;—-;;’*“(,0 5)—-1”, @

p
floo, ) =05  f(0,1) < o0;

zf(p, 0)p*dp = ;ff(p.- 0ot 2dp=c ()

Multiplying equation (2) by p" and integrating
it by terms, we pass to the system of the equations
for the moments of the function f(p, 7). If we
designate

Nox(®) = T flo. 1) p" X dp,

M (1) = (f) fHp.v) p*t ¥ dp,

then the system is written as:

dN
”&%25 =2KQ2K +v— 1)Nyx_,

-*MZK(K=O,1...)‘ (4)

Note that the equation for the 2Kth moment
does not contain high-order moments. There-
fore, if we are interested in the dependence of
only the quantities Ny and N, upon time, we
may confine ourselves to the solution of the
first two equations of system (4). The function
f{p, v) will be sought in the form:

f(p, 1) = g(v) exp [— p*h(1)], (5

where g(7) and h(z) are the unknown functions,
chosen so that they should satisfy the first two
equations of system (4). For spherical symmetry,
the choice of expression (5) for the function
f(p,7) is justified by the fact that, as will be
shown below, at t - oo the particle density
distribution in space tends to the diffusion one.
For flat symmetry, recombination appears
noticeably to influence the particle density
distribution at t — oo; nevertheless, as will be
seen from a comparison with the similar
solution, expression (5) also in this case leads to

very exact values of the integrals N, and N,,
which is all that is needed in this case.
Substituting system (4) for expression (5)
at K =0, 1 gives the system of two ordinary
differential equations which is convenient to

write down as:
v+1

) h‘T -

SO

7 h’

@ +2¢<4h+§)::0' j (6)
Here

@(1) = 1/No(1) /(m/2"" ).

The initial conditions for system (6) are as
follows:

| i vl
@l0) = ?\/(5‘:“2)’ h(0) = T

Upon integrating the system of equations (6)
we have

where

po— | 1=y (d-wmdo+y)
C=7I~§~-~~a“ 2 8

Further, it is convenient to consider the cases
of flat and spherical symmetry separately. For
flat symmetry, calculating integrai (7) we find

T = Flg) — Flo,)
F(x) = %ex* + §x?

3 4 v
C=ntetdd (] - i:[) (9)

Henece it follows that at 1 — =«

2 8 /(2
No(r):\/(;f); Nz(T)—"’-—‘i\/(”gE). (10)
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Thus, the total number of particles (per unit
surface) tends to zero as 1/\/1, and the size of
the region occupied by the particles [equal to
J(N,/NoY] increases proportionally to |/t
It is interesting to note that in expression (9)
the whole information about the initial particle
distribution is contained in the constants C and
¢(0), so that at t — o0 Ny(r) does not depend
upon the initial number of particles N(0) and
the initial size of the distribution [3]. This
peculiarity results from the ‘“‘recombination”
pature of the process at t — co. In order to
study it in more detail, note that equation (2)
at vy = 0 permits the similar solution of the form:

fio =28

T+ Ty

P2

£== . (11
(formally such solutions are also possible at
other values of v, but only in the case of flat
symmetry they possess necessary physical prop-
erties). Upon transforming equation (2) we
obtain the ordinary differential equation for the
function (&)

G +E+Hr+v -0 =0 (12)

The required solution should decrease suffici-
ently quickly at £ — oo and satisfy the condition
v'(0) = 0. It is possible to show [3] that the only
value of v(0) = 0690 corresponds to such a
solution. In [3] there is a table of the function
v(). Solution (11) depends upon the initial
conditions only in terms of the constant 7,
which (assuming that the initial particle distri-
bution does not differ too much from the
similar one*) is equal to
2105

Tg = .
82

At 7 > 1, the solution does not depend upon
the properties of the initial particle distribution.

* Asymptotically any initial particle distribution converts
into the similar one (§); time of approach of a similar regime
is determined by nature of the initial particle distribution:
if Q1 » D/o, then time of establishment 1" ~ [%/aD; if, vice
versa, QI < D/x, then " ~ [2/D.
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The total number of particles v(£) calculated by
means of the function N(1) at © — co appears
to be equal to:

In this expression the coefficient differs from
that in equation (10} only by 0-3 per cent.

For spherical symmetry, the integral in equa-
tion (7) is also easily calculated; however, the
result appears to be cumbersome, and we
present only the dependence oNy(7) for large 7:

No(o0)
_ Ny(o0)
2,/(2n7)

No(t) ~ 13)

where
No(o0) = No(O)[1 + (5/3)/(8/m) ] %). (14)

From equations (13) and (14) it follows that
in the spherical case there occurs ‘“‘hardening”
of ionization, i.e. only the amount of the
charged particles available at the initial moment
recombines, which is the greater, the larger is
the dimensionless recombination coefficient &.
From equation (14) it follows that Ny(o0)
depends only upon N(0); this is valid only
until the initial number of particles N4(0) is not
very great. At Ny(0} - oo the number of the
remainder particles depends upon the initial
distribution function, and the system of the
equations for the first two moments appears to
be an insufficient approximation. However,
at any Ny(0) in the limit T — oo the recombina-
tion asymptotically “switches itself off’, and
the particle density distribution corresponds
to the solution of a linear diffusion problem
normed with Ny(c0):

~ No(c0) 2
S0 = 5 sexpi= ). (13
It is also possible to calculate a correction for
equation (15) caused by recombination which,
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as it is easy to see, is of the form u(¢)/r% and No(o)
- i i No(®) = Nofoo) | 1+ -
u(&) is the solution of the equation 0 0 N
N2 which at © — oo coincides with equation (13).
" 3 ' NO(OO)
&' + G+ Hu + 2u= —
2n
-2
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Abstract—The laws of diffusion plasma decay with recombination for different cases of symmetry are
considered.

Résumé—On consideére les lois de décroissance de la diffusion dans un plasma avec recombinaison pour
différents cas de symétrie.

Zusammenfassung—Fs werden dic Gesetze des Plasmazerfalls bei Diffusion mit Rekombination Ffir
verschiedene Symmetriefille behandelt.



