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ABSTRACT

In This paper, an analytical treatment is developed for solving the
problem of a spherical electrostatic probe immersed in plasma. The plasma
is dense, weekly ionized and quiesceni, and acted upon by a uniform
magnetic field. Thbe obtained solution discribes the electric field strength
in the plasma due to the exisience of 2 negatively biased electrostatic probe
having small potential with respect to the plasma. This solution enables us
to obtain the characteristic of the probe, from which the electron
temperature and the charge conceniraton in the plasma can be calculated.

1. INTRODUCTION

This problem of a spherical electrostatic probe was treated before ( Bush, William B,

Fendell Francis E (197.:} using the cyclotron absorption. The 2 Lon Lo .o =

the plasma density were determined ( D. K. Akulina, Yu. V. Knol'nov (1978), 1. H.
Hutchinson, D. S. Komm (1977) and J. Hosea, V. Arunasalon, R. Cano (1977)). The

charge concentrauon in the main region was determined before due to the existence of

an electrostatic probe in the AKL M.Y.{1992)). The potential distribution in the ma.n

region was also determined before for the same case. ( Abdel Aziz- M. A., Sabbah A. S.,
Shehata Ph. and AKL M. Y (1994)). The characteristic was determined analytically for a
high dense quiescent plasma ( Abdel-Aziz, M. A. (1977)). Sanmartin had discussed the

problem of a probe in a fully ionised plasma in a strong magnetic field ( Sanmartin
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{1967)) and ( Sanmartin ( 1970)). Cohen extended the continuum electrostatic probe
theory for a slightly ionised, collision-dominated plasma to ailow a uniform magnetic field
( Choen (1969)). Kalyan treated the same probiem, but he used numerical solutions
( Kalyan k.. and Cohen (1972)). In the recent case an analytical treatment is used for
solving the differential equations of the problem of a spherical electrostatic probe,

immersed in a quiscent, dense plasma due the existence of a uniform magnetic field.

Method of Analysis:-
The equations of continuum mechannics describing the problem can be written in
the followjing form (Kalyan K., Niyogi and Ira Cohen (1972)):-

- —
V,I“i= | ¢))
where :-
- - -
T¢=—V.(DiN+)ipEN+ @)
- = B -
V.E= 41ce(N+-—N_) 3
Writting equations (1) and (3) in the dimensionless form :- g'
*n, 9°n a*n
; + ; +(1+Qi) ;
ox ay =~ dz
1 3 oY
iT[(Hl)i—(r—l)]x[E(ni romthl
B ¥ 3. O ¥
. n +(1+ Q) )— +
ay(iay)( i)az(“iaz)
on on
Q| & o¥ 0y ) ise @
* ox dy dy Jx

and,
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PR ) aty ) a2y = 0% -n ) 5
x> ay2 3z* E =0 ¥
where :-

_.)
E = The electric field strength

T= The ratio of the electreon remperature to ion temperature

n+ = The ionic number density

i
%

n_ = The electronic number density

‘¥ = The dimensionless plasma potential

_)
J 7= The dimensionless ionic current density

_)
J _ = The dimensionless electronic current density

€ = The ratio of cyclotron fregency to collision frequency.

(Db = The cyclotron frequency

eB
mc
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l'P =The radius of the probe
)"D =The Debye length

Equations (4) and (5) are subjected to the following boundary conditions:

n =n_=la r—e

¥ -0 as r— oo

equations (4) and (5) were solved before in the quasineutral region ( Abdel-Aziz, M. A,
Sabbah, A. S, Saad, A. A and Aki, M. Y (to be published )) and the solutions are as

follows:-
2
' k Q°k 2
n :1————-.——"’—(:05 e
- r 2r ©
2
k Q%k
n =1-—-—cos’0 )
- r 2r
b )
‘}"=—2-—- QZk Cosze (8)
r 2r x
where:-
- I +1 )
dn(l+ 1)
I - Tl
b = -
K dn(l+ 1)
2 2
2 Q++Q_
- 5

equations (4) can be separated for ions and electrons to give:
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322

s 9 ow ,(dn, ¢ on_ ¥
- Qaﬁ <+ _ + =0
A, 0z (n+ 0z )+T ‘*’( ox 0y dy ox )

2 e P 2 82n+
Vn++1:V. n+V‘1’ +Q+ +

2 - - 2 azn“
V'n -V.n_VV¥|+Q° 82‘
z

_q2 8 (oY _Qz'anz_ Y _ on_ a¥ "
-0z \ ~ 0z =\ ox o9y dy ox

Using spherical coordinates and dropping the dependence on the angle (¢) dueto
symmetry :

9 - -
Vo, +TV.n Yy

2 ' ;
+Q? 00529 0 n, N 2s5inBcos O 32“+
® or? r orob

in29 0°n in29 on ) on ﬁ
L Sin 0 + S0 6 on +723in0cese t |=0 )

l'2 392 r or rz 00

2 —3 -
V'n_+V.n_VV¥

+le: 2g aznﬁ_ B 2sinOcos® aznﬂ

o r om0 |

20 92 29 9n y on
& sin” 0 -, sin” 6 - 4 2sinBcos® = |=0 o)

Y & r or r? 20

and,
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P =pila )

now changing the variable (1) to the variable ( C) for simplifying the forms of the

differential equations where:-

L
g

and introducing a stretched variable (x) suitable for the sheath region :

r=

x = cpp(d-0) (12)
where :-

(©), (a) and (d) are constants (Abdel Aziz. M. A, (1987)). Since 6 disappears, then

equations (9) and (10) become:-
2 —3 —
V'n +TV.in V¥ =0
+ +

. —5 -
V'n +V.n V¥ |=0

integrating these equations

- 1 - -

J+=—?Vn+—n+V‘P (13)
- — —

J =-Vn -n VY (14)

substituting equation (12) in equations (11), (13) and (14) and using a stretched variable
(N) such that :-

T
n:Npl‘;a &
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1 ,
t == N -cNF (15)
47 £ = L]
1 ,
— =N -NF (16)
4 T ~ =
d*F =N_-N_ (17
where:-
—d
F=—S
dx

Equations (15), (16) and (17) give also the deifferential equation of the electric field

strength in the following form:-

F"'+(1+T)FF'—-%-F3—XF—A=0 (18)

the boundary conditions at the probe surface are :-
x=90, F=FP, F =0

introducting the variable :
F

V=—, F,6A <<1
Fp E

expanding equation (18) and taking the first approximation, the following equation can be

determined:-
V -XV=R 19)

where:-
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X X
V(x) =cAl(x)+ C,Bi(x)+Bi(x)Rn[ A (tdt- A (ORr|B,(t)dt  (20)
- 0 0

where :-

(Cl) and (C,) are constants

Ai(x)and Bi(x) are the airy functions hich are given by:-

X 3 3
’ . = =2
i _r 2
Bi(x) =\ I_l_ X + I_;l_ x2
3 3
3) L3
C, = == C,= ( Abdel Aziz M. A. (1987)).
2(3) 3 2(3)3
S P(x) = j F(t)dt
0

Y(x)= ‘Pp +

A | % -

A.(H)dt+¥ 3 [G.(t)dt
EL{ . 6 }
where X — oo

{

Y(x)=Y¥ +[ +—(€n 3+27)j|+A /nx (1)
W3

. comparing equation (21) with the form
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Y(x) = ‘Pp + Z(T,xp) + A fnx

from (Abdel Aziz M. A. (1985)), the segma function is

A A
T (T,x ) = — + —(n 3+ 27)
P 3/ 3
v = 0.5772
Conclusion:-

(22)

Mathematical closed forms are obtained in this paper for the charge

concentration and potental in the quasineutral region and in the electric sheath region. It
is clear that there is no effect of the magnetic field in the electric sheath region for the
first approxmation. From the final result, the charge concentration and the electron
temperature in the main bulk of plasma can be obtained by drawing a graph representing

the relation between the potential of the electrostatic probe with respect to the plasma and

the current drained. ( Characteristic of the probe ).
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