
Solution exercise 1cde Plasma Physics, September 17 2009

(1) c Compute the electrostatic energyU =
∫

φρE d3x from expressions (15) and (16) for
the electric potential and the charge density.

We integrate over a spherically symmetric potential distribution:

U =
∫

φρE d3x =
∫

∞

0

φρE 4πr2 dr

Using Eq. (15) and (16) we find

U = −
q2

4πǫ0λ
2

D

∫

∞

0

e−2r/λD dr =
q2

8πǫ0λD

.

(d) Show thatλmfp/λD ∼ τeωp.

Multiply expressions (6) and (8) to obtainωpλD =
√

kT/m ∼ vth. Fromλmfp = vthτe one
sees thatλmfp/λD ∼ τeωp.

(e) In figure 4, why does the 50% ionization curve get so close to the intersection of
the line separating ideal/nonideal plasmas(ND = 1) and the line separating degener-
ate/nondegenerate plasmas(kT = EF ).
Hint: Make the very crude assumption that the exponential inSaha’s equation dominates
the temperature dependence, so thatkT ≈ Ei for 50% ionization.

Non-degeneracy of the plasma requiresEkin ≫ EF (see end paragraph 2.2):

3

2
kT ≫

h̄2

2me
(3π2n)2/3.

The plasma is well-ionized forEkin > Ei, or:

3

2
kT >

e4me

2h̄2(4πǫ0)2
.

Taking the geometric mean of these inequalities one findsEkin ≫
√

EF Ei or

3

2
kT ≫

e2(3n/π)1/3

8ǫ0

which, using Eqs. (8) and (19), leads to the ideal plasma condition ND ≫ 1. Thus one sees
that a well-ionized plasma for which quantum effects (degeneracy, Fermi-Dirac statistics) are
unimportant, automatically has sufficiently high temperature and low density that it is anideal
plasma.
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