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Abstract

When the plasma particles posses a surplus energy, the plasma fluctuates to reduce this
energy. Fluctuation may also occur as a result of density gradation or a temperature change
due to the application of a magnetic field. Since the fluctuations are responsible of the particle
loss, they may be considered as a great part of energy loss case. It has been found that the
behavior of the probe characteristic curve of the current fluctuation dose not resembles that of
the natural curve of the probe current. That means reading the fluctuation of current probe is
influenced by fixing temperature.
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Introduction

Any ionized gas can be called plasma, there is always some small degree of ionization in any
gas. A plasma is a gas in which an important fraction of the atoms is ionized, so that the

electrons and ions are separately free [1][2].

When the temperature is hot enough. A useful definition is: a plasma is a quasi neutral gas of

charged and neutral particles which exhibits collective behavior. [1].

Fluctuation: the fluctuations are responsible for a signification part of the particle loss rate and
many account for a large part of the anomalous energy losses [3]. The heave ion beam probe
diagnostic permits the measurement of electron density and plasma potential as well as their
fluctuations [4]. In order to make a complete estimation of the particle and heat transport, it is
necessary to identify the fluctuations in density and temperature. In the case of plasma, the

electrostatic fluctuations are responsible for the molecule transport [3].
Types of fluctuation

When the plasma particles possess a surplus energy, the plasma fluctuates to reduce this
energy since fluctuation is always a motion that reduces energy. This fluctuation occurs either
due to temperature or density increase or due to applying electric field to the plasma [5]. The
fluctuation may be classified according to the types of the free energy available. There are

four main categories:

1. Streaming fluctuation [1].

2. Rayleigh- taylor fluctuations [6][7].
3. Universal fluctuation.

4. Kinetic fluctuation [1].

Suppose that the probe current fluctuation is the result of plasma density and temperature
fluctuation with the plasma potential then the current (1) flowing between two identical
double probes may be represented by the following mathematical formula:
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1=1 [nhq'F by 1
=1, |ta T T, —
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Where
V: Probe potential

T..Electron temperature measured in ( electron — Volt)

7
. i L
F: function of b{:

Isat : The saturated current. Itis given, as shown in figure (1), by the following relation: Chen
(1984) [1]

ol vl

Where

(e): electron charge

M;) : ion mass(

A : The surface area of the probe
n : Plasma density

From figure (1) we found

S=(1/1,.)Slope=F /2T, ... (3)

Where slope = (‘ﬂ[dv)v .

+F/2T, ... (4) =(1/1_,;)
Slope=q/ 2T,
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Where slope = (d‘rde,)V -0

From S/X we get

=2T./q.cccc....(5)

For the nonzero slope in the saturation region, Swift and Schwar gave in (1970) [5] a
correction of the electron temperature calculation as follows :-

T :;[l—D.BSS,’X] . (6)

g 1+055/X

And by substituting the equations (5) and (3), (4) in equation (6)

q
r |1—o085(1+%

T, == (D
7 [1+05(1+%)

From this we get
g=1-1.35F

Eq (2) can be written

—
I..=neAd l;'_; .................. (8)
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[@] =Llh (9

By returning to equation (1),(2) we can get the current fluctuation, according to the volts
fluctuation with the density and temperature fixed, is as follows:

dr _ 2 gV F.v'] g.v FV F Ly ]
(dv) T.=1I,, [sech = + 2, + [tanh Er, + 27, }* e (10)
The table (1) represents the values used in equation (10) calculating the fluctuation of plasma [7]
‘ 'Number | 7 (electron- | I (n.Am) |F f
' diagram volt) ‘ J
| ; | |
| 1 | 2 6.8 [0.1
‘ >
i | | | |
B r’ 2 |18 02|
l | | \’ {
R 2 129 103 |
' I
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Probe cuirant

Figure (1) Double probe characteristic
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Diagram (3) represents the relation between (S—Il/j and V/volt

T(

Results and discussions

Table (1) shows the values used in equation (10) which is employed to calculate the

fluctuation of plasma current with fixed temperature and varying voltage. These values are

: . . 3
taken from previous studies. When the relation between (—‘r) T, and V/ volts has been

av
plotted, it has been found that the fluctuation curve dose not resemble the natural
characteristic curve of the probe illustrated in fig (1). This proves the importance of
temperature variation on the fluctuation of probe current in that the fluctuation in the current

increases proportionally with the temperature.
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Diagrams (2,3,4) represent the current fluctuation with the temperature fixed for different [1;,)
Values which lead to the change of F values (because F is a fluctuation (#/ ;_D) From0.1t0 0.3

at equal increase of 0.1 each. The values of variables taken from a previous study [8].

Diagrams (1,2,3) represent the current fluctuation with the temperature fixed for different r,,
Values which lead to the change of F values (because F is a function to (*/;_)from 0.1t0 0.3

equal increases of 0.1 each. The values of variables taken from a previous study [8].

Conclusions

1. After calculating the plasma current fluctuation depending on the change of V and the
probe radius, it has been found that the plasma current fluctuation is not resembles that
of the natural curve of probe current.

2. When the probe dimensions are chosen to be less than the length of the collision free
path, F (saturated slop function) becomes less than 0.5 and more than zero.

3. The fluctuation of plasma current is influenced by temperature variation.
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