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INTRODUCTION

As usual plasma is a neutral gas with collective behavior (Francis F. Chen, 1994). Plasma media behave sometimes in the particle
like forms and sometimes liquid forms depending upon the plasma density and mean free path of the particles.

In the liquid form the MHD formalism (Magneto Hydro, Dynamic) governing to the plasma. If we neglect the reconnecting
phenomenon in the plasma we would have the following for the electron density:

e (1)
NG,
In most cases the electron density in the E layer would be in the order of nmleolzcm'3
In this state the radio wave critical frequency of the plasma layer would be about 10MHz (Budden, 1985)

Simulation of E layer plasma through MHD system

In the bottom side of the ionosphere plasma that is in the E layer refer to the earth magnetic field we have:

(F+7xB) = -"5] = 0f ~%xF (I

e

We assumed that

(§ = Be2)soastheplasmaresistiritywouldbe:

Wge 7

e @
jy = O—OEy + wiejx 3

v,

Jx = 0Ex +
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We combine two first equations and dismissed J,,:

Then:
2
- v, - W, -
Jx = 2 Cz aoEx + zgezc O—OEy
vEt+wge vE+wge
j vé i WgeVc P
= OoLy 0oLy
Y v+ wé vZ + w2,
- -
Jz = ook,

In these equations we used] = oE.
Or:

O—P _O—H 0
o= [UH Op 0 l

0 0 U||

For conductivity tensors.

2
v, . . .
As heregp = mao is the Pederson conductivity and oy = =y

cTWge

conductivity for a part ofE, that is perpendicular to B (Krall and Trievelpiece, 1973).

For B in general:

J = 0yEy + 0pE| — 0y (E, X E)/B

4)

)
(6)

(N

2
WgeVc

2
ctWge

(8)

In ionospheres because of the electrons and neutral particles we have:

- =3 P — EXE
J =0k +opE, — UH( >

Now if we replace wye,Ven With wg;,Vin

Then we reach to the following:

_ VUen +me Vin nee
P\t +wg, M v+ w?) m
en ge i Vin wgi e

2

2
P ( Wen + me Win > nee
H = 2 2 * 1,2 2 |
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Ven m; Vi me

©)

(10)

(11)

(12)

eV,

2
0y is the hale conductivity, andoy = gy = :"e

c

is the

Here it assumed that in every ion sphere in E layer shape only one type of ion exists. The impacting of electromagnetic waves to
the plasma medium based upon calculation would have absorption coefficient and dielectric constant, attenuation and reflection
coefficients respectively. For simulation we assumed that if an electromagnetic wave toward ionosphere from the earth as below:

(13)

(14)



11937 International Journal of Current Research, Vol. 7, Issue, 01, pp.11935-11941, January, 2015

That n is the reflection coefficient of the medium and y isits absorption coefficient, then we would have:
= - (@ w
E = Eoel("'?”r_wt)e?x (15)

Here y is the absorption coefficient of above function (4).In the atmosphere we have the following
Tensor:

O-P _O-H 0
g = |0y Op 0 (16)
0 0 o
.. vZ
There we have the Pederson conductivity asop = ———- 0,
Vet wge
. wgeVE nee?
And Hal conductivity oy = =50y, 0y = 0¢ =
Vet Wge MeVc

Thatoy is depended to a part of electric field perpendicular to B.

Here wy, is negative andgy is conductivity depending toB; andE) in plasma media we would have:

0_1 _0_2 0
o= [02 01 Ol a7
0 0 J||
And
o = 80(‘01276 _ gowrzie(ve - iw) gowzzzewcze
0= =

0. g, =
(Ue - lw)z ! [wcge + (Ue - lw)z] 2 [wge + (Ue - lw)z]

Thato, showing Hall effectsg; also shows the Pederson effect.

2
) e“N,
Wpe =
Mmeép

Is the electron plasma frequency and ®.e = (— jnﬂ)is the electron cyclotron frequency.
e

For electron frequencies we have:

V, = Vei + Ve (18)
3 _3
Voi = N, [59 +4.181log (:T)] x107°T, 2 (19)
1
Ven = 5.4 X 10716N,, T2 (20)

After solution of Maxwell equations around the IONO sound we reach to the following:

VXE = -= (1)

— - - aE

VX B = o] + oo, (22)
J] = [o].[E] (23)
2—> = = _ i -

WE - i(R.E) = |1 + 2| . (24)
My My, My, [E4

My, My, My,|. [Ey| =0 (25)
sz sz Mzz EZ

Det(M) = 0:

My =My, =n?-1--2 (26)

gow
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My, = yz = M, = sz =0 (27)
g

M, = —M,,, '= SO—Zw (28)

My, =-1-22 (29)

Then

(-1-2)(P-1-2 - (-1 24+ ) =0 (30)

gow gow  Ew g  gw

n? =A+iB m?=C+iD (31)

A=1+ a)_zz,e [(w—wce)(a)ﬁe+vgz—w2)—2wvg] (32)
w (wZetv2-w?)" +4w2vE

_ w_%,; [Zwve(w—wce)+ve(w§e+vg—wz)] (33)
@ (ouge+1/ez—aoz)2+4ao21/e2
(w+wce)(a)§e+vg—w2)—2wvg]

0)2
C=1+2 34

w (w§e+v§—w2)2+4w2v§ ( )
p = “be [Zw”e<w+wce>+ve(w38”3_°’z)] (35)

2
2 422 2,2
w (w2e+vE-w?) +aw2v?

In about relationship:
n?=(u+ix)?=A+iB

That imaginary part depended to the absorption and real part dedicated to impacts (Stocker et al., 1997).

Then:
1 1,
+(a%+82) -2
x1‘z=[( +2) ] (36)
1/ 1/2
_w|£(4%+B%) "2-4 ;
E= E)OeiG%”Z_“’t)e ‘ ’ (37

And the total absorption would be obtained in the following form:

2

z

Y

1/ 2

+(42+B2) '2-4
2

1/
+(4%2+B%) '2-4
2

w w

dz+ [ e ‘

Zrofl

z

dz (38)

c
Total absorption= fzzo”’f e

And the particle density in the following form obtained

a d

n,myg = d_ip; =(_E)(nnKTn) (39)
—(n—n

Ny, = Ngexp (TO) (40)

And from Chapman equations:

qm = onyl, = q,, = cHyngexp (_(n;n‘))) .cososH, = :1_1}; 41

I(h) = I(«0)exp(—on,H, seca). exp (@) (42)

Numerically obtained values confirmed completely the simulated values in the particle shape of the plasma.

For plasma fluidity form we should solved the NAVIER-Stocks formalism. For this we reached to the MHD of ionosphere plasma
or:
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— oo (98) et (v (44)

VxB "\ ot B/, c

And with B at hand we could calculate plasma current refer to the height above earth surface:

= Jopdz 5%, = [oydz (45)

. . . Iy

o= f]J.dZ B _EPEJ. B

. oy (E| XB)

i = 0pEy- =+ oyEy (46)

But we knew:

p=ned=JA 47

And:

Vi+Z=0 (48)
ap = 5 p = = on(ELxB =

:>E: —V] - E: V. (GpE”_%‘FGHE”) (49)

For equilibrium situation we havez—’z =0

ThenV.J = 0

J=const.

For ionized plasma we have

] = Ne€Ve
N = )
¢ ev,

In below we put our calculation with tabulated data obtained from IONO sound in June, 2007 (The data obtained from Rom iono
sound station).

Conclusion remarks

1-  As seen from the Figs 1- and 2 the density picks that obtained from IONO sound data and the simulation are the same in the
equal altitudes.

2- There are differences for electron density from obtained of IONO sound data and the values obtained from calculation. These
may be because of some approximation in the calculations (eg. sometimes diagrams we used f, ~ 9v/n)

3- As we see for ionosphere E layer plasma we obtained very exactly values by means of VLASOVE equilibrium equation
similar to its MHD values.
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Fig. 1. Electron density in JUNE
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Fig. 2. Electron density in SEPTEMBER

Then refer to the conductivity tensor we reached to the following:

M, Mxy M,, E,
My, My, My [.|Ey|=0 (50)
MZX MZy MZZ EZ

n? = (u+iy)?

Scattering of the waves in the ionosphere plasma would necessitate that:

Det(M) =0

From which:

Myx =My, =n* —1-2L (51

My, = My, = My = My, = 0 (52)
0

M,y = —M,, = so_zw (53)

M,, =-1- ;;LZ) (54)

(F1-2)(m2 -1l ) (2 gy ) o (s

oW W gow W

nf =A+iB mZ=C+iD (56)

2 - 2 4022\ 512
A=1+ %[(w wce)(wceﬂ/ez w?) Zwve] (57)
® (wZe+v2-w?2) +4w2vE
B = w_?z’e [2““’9(“;—wc;z)+ve(2‘”ge+"52—“’2)] (58)
® (wZe+vE-w?) +4w2v2
2 2 42 2\ 512
€ = 142 [Crocbont ol o] (59)
(wZe+vE-w?) +4w2v2
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