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§21. Electric Field at a Plasma-Facing Wall for
a Two-Temperature Electron Distribution

Tomita, Y., Kawamura, G.,

Ueno, M., Ohno, N. (Nagoya Univ.),

Huang, Z.H., Pan, Y.D., Yan, L.W. (Southwestern
Institute of Physics)

The electric field E,, at a plasma-facing wall (PFW)
for a two-temperature Maxwellian distribution of electrons
at the sheath entrance (TTED) is obtained from the Poisson
equation:
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Here n,, and T, are the electron density at the sheath
entrance and electron temperature of the cold component.
The electron contribution A,, is expressed by using the wall
potential drop O
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The contribution from ions A;, with a shifted Maxwellian
distribution at the sheath entrance is expressed as follows:
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When the ion temperature 7; approaches to zero, the ion
part, Eq. (3), approaches a value of
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Here ¢,(7; = 0) is the potential drop in the case of 7; = 0
and the TTED.

In the case where the effect of the ion temperature is
neglected, the normalized wall electric field, which
depends on the hot electron component, is shown in
Fig.1,for the cases of (a) a lower electron temperature of
the hot electron component (LET), T.,/T.. = 3.0, and () a
higher one (HET), 7,/T,. = 20.0. The much larger wall
drop gives us an approximate form of the electron
component A, ,
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Aew ~ 2(neL/nse) + 2(”eh/nse)(Teh/Tec)
= 2 + 2 [(Teh/Tec) - 1] (neh/nse)s (6)

which comes from the first terms of the cold and hot
components in Eq. (2). In this case, the terms including the
wall potential drop are neglected. This approximate form is
proportional to n./n, and has the dependences shown in
Fig. 1 (a) and (b). The ion part A;,|7im, Where T; = 0,
represents the dependence of the wall potential drop. In the
case of HET, the maximum of the electric field occurs at
higher (n./ne), which is a result of the functional

dependence on n/ng, ie. A, oc(n, /n,)[Eq.(5)]

and A o< \/—gbw(Tl. =0) x \/ln(neh /ng,) atthe higher
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The normalized changes of the electric field due to
the effect of finite ion temperature are shown in Fig. 2,
where n./n,, is 0.1, T/T,. < 1.0 for (a) LET, T,/T,. = 3.0,
and (b) HET, T,/T,. = 20.0. The normalized square of
electric field at 7; = 0 are 2.012 and 11.67 for the case LET
and HET, respectively. The changes are complex because
the effect of the finite ion temperature changes the wall
potential drop, Eq. (3), as well as the ion contribution to E,.
The normalized change of LET, however, is smaller than

2%.1In the case of HET, it is as large as 20 %.
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Fig.1 Normalized electric field at PFW. (a) LET,
T./T.. = 3.0, and (b) HET, T,/T = 20.0.
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Fig.2 Normalized changes of electric field at PFW.
T.,/T..=3.0,and T,,/T,. = 20.0, where n,/n,, is 0.1.
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