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EFFECT OF NEGATIVE TONS ON THE DIFFUSION OF CHARGED
PARTICLES IN THE LOWER IONOSPHERE *

IVUZ., Radiofizika by E. I, Ginzburg
Tom 8, No. 3, 626-17,

Izd. Gor'kovskogo Universteta,

Gor'kiy, 1965

SUMMARY

The solution of this problem is arrived at by a method analogous
to that expounded in [3] and is based upon the fact that the diffusion
process in a plasma in the presence of a magnetic field takes place at
the rate of the velocity of slower particles (electrons and positive ions),
inasmuch as the electric field, emerging on account of the difference in
the diffusion rates of electrons and ions, hampers a further separation
of these particles and this is evidence that the presence of negative ions

may substantially modify the character of the diffusion process.

%

In the conditions of the lower ionosphere the influence of negative
ions is significant to heights of the order of 80 km [1]. However, in the
works [2, 3] on the diffusion in the ionosphere the influence of negative
ions on the diffusion process was not taken into account.

The method, applied below, is analogous to that proposed in [3]:
in the case, when the concentration of particles varies little over the
length of the free path and when for the description of these particles!
motion auring the free path time, macroscopic equations can be applied
(in our case it concerns electrons, negative and positive ions). The linear-
ized system of these equations is resolved alongside with the equation for
the longitudinal electric field by way of expansion of the functions searched

for into the Fourier integral by the coordinates dn,= jydry‘”ﬁﬂr .

* VLIYANIYE OTRITSATEL'NYKH IONOV NA DIFFUZIYU ZARYAZHENNYKH ¢HASTITS V
NIZHENEY IONOSFERE,



At the same time we obtain for the Fourier-components of the functions 3tn,

the equations

ad nek/dt + aHe[D,kﬂ n,, - 4mo, (bn,, + 3 Miyp—3 n,k)] =0
0% n,,,/ot -+ az”,[D,~k2 Sy + 4dnsy(dny, — n,, —3 n/k)] =0; 1)

08n,[0t + ay,[Dk3s Ny + 473 (@ nyy 80, — B ny,)] =0,

Here D,=%TMmYem is the coefficient of longitudinal diffusion, c,=e*ny/mv,m
is the conductivity, oy, =eHyime is the gyrofrequency for electrons,
ayge =1 + (elvem)? o 81+ (0p,/vem)?) ™), 8 is the angle between k and Ho, Dy Dy o S Opre “Hiv
ay, are the corresvonding quantities for the ions, 37, 8n,3n is the
residual concentration respectively for the electrons, positive and nega-
tive ions, Moes Mo’ Moy 1S the mean concentration of these particles
(3 n & ng, NpetNoj = NMot)ym, My, M; are the masses of electrons and ions, e is the
charge of the electrons, Te, Ty are the temperatures respectively of
electrons and ions, X is the Boltzmann constant, Yems Vim, Yym @re the fre-
quencies of electrons! and ions' collisions with neutral particles, E is
the electric field strength, H, is the constant Earth's magnetic field.
We shall write the solutiom of the system (1) in the form

Bn(t) =8 n) e 4 sn om0 4 3n) o9,
Spt) = by €7 4 oD €™ - o, €= 0, @
bny(t) = 3nl) e 1 an (P =9 4 2nd, om0,
where 71, 93 93 are the radicals of the characteristic equation,
We shall 1limit ourselves to the case, when the masses and the col-
lision frequencies for various kinds of ions are identical (for the lower

ionosphere it is realized in the presence of molecular oxygen ions only).

At the same time, Mi=M;=M, vm=Ym and
qs = ag DY, unf) = 0, @

If the characteristic dimensions of the perturbed region are large by
comparison w th the Debye r dius Rp,

(kRp) = k3% T|T A etn(T, + T)) K 1, 4




3.

then we shall have for the remaining quantities in (2)
@ = 47“:“He + dnoayy,, (5

where © 0y =3+ 3y = (o + nop) My,

(ouDe + °eDl)"‘He it 1

= b .
93 Gud,.“ + Uedﬂe » (b)

871,,(0) + B, (0) — m,,(0)
ant ) =D =tk i , 7
SPCI P on /oy, 6"1& /°/aHl o + g )

snfyIng = — 8n$PInoy = n@(no; + noj),
anfy) = on = (rodrp(0) + nioon(0)) [(or + o).

Here ©m,,(0), 8n,(0), ©8n,(0) are the Fourier components of the initial disturb-
ance of the density of electrons and ions.

One of the characteristic radicals (ql in our case) describes the
spreading out of the initial charge in the plasma, as should have been
expected [3]. lnasmuch as q; 1is significantly greater than q, and Qz,
the process of diffusion takes place mainly at compensated plasma charge
(ambipolar diffusion). At the same tine Sn?&:s#” . The electrons and the
noncompensated ion charre, equal to e@nﬁﬁ—ﬁnﬁ)=eﬁud0), take part in the
ambipolar diffusion proecess dencribed by the radical gqp. The compensated
ion charge spreads out with tte ion diffusion rate described by the radi-
cal 3. In the first aprroximeation by kRp the electrons do not take part

in this process, The coefficient of ambipolar diffusion is

DP) =x(AT, 4+ T) ()‘myem/aﬁg + MVlm/aHI ) (8)
where A = (ny + n,))ing,.

Yote that for tre lower ionosphere A may be significantly greater
than the unity. That is why the anisotropy of the diffusion process may be
manifest at very small heirhts in the ionosphere. At heights where

(0relvem)* K 1, ©)
the character of the diffusion is isotropic regardless of the form of the
inhomogeneity. The dependence of inhomogeneity 's spreading our process
on its initisl structure was discussed at length in the work [3]. Here
we shall note only that if it is not too strongly stretched out along the
magnetic field (see [3]), the diffusion isotropy may take place to heights,




where the condition (9) is disrupted. To that effect it is sufficient
that we have (ogivim)<l.

The coeffiniert of isotropic diffusion is
D =%(\T, + T)[(Mvm + Amv,,). (10

If we neglect the influence of negative ions on the diffusion,

we shall have A =1 and the diffusion coefficient will be substantially

underrated.
xx4x« THE END **xx
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