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• The coupling parameter Γ determines the state of each plasma component
(electrons, ions, dust)

Γ = q2

4πε0a2
W S kBT

.

Γ may be different for the components, depending on the individual tem-
peratures and densities. A gaseous phase is found for Γ ! 1, the liquid
state for 1 < Γ < 180 and the solid phase for Γ > 180.

Problems

2.1 Prove that the electron Debye length can be written as

λDe = 69 m
[

T (K)

ne(m−3)

]1/2

2.2 Calculate the electron and ion Debye length
(a) for the ionospheric plasma (Te = Ti = 3000 K, n = 1012 m−3).
(b) for a neon gas discharge (Te = 3 eV, Ti = 300 K, n = 1016 m−3).

2.3 Consider an infinitely large homogeneous plasma with ne = ni = 1016 m−3.
From this plasma, all electrons are removed from a slab of thickness d = 0.01 m
extending from x = −d to x = 0 and redeposited in the neighboring slab from x =
0 to x = d. (a) Calculate the electric potential in this double slab using Poisson’s
equation. What are the boundary conditions at x = ±d? (b) Draw a sketch of space
charge, electric field and potential for this situation. What is the potential difference
between x = −d and x = d?

2.4 Show that the equation for the shielding contribution (2.24) results from (2.21)
and (2.23).

2.5 Derive the relationship between the coupling parameter for ion-ion interaction
Γ Eqs. (2.15) and ND (2.33) under the assumption that Te = Ti.

2.6 Show that the second Lagrange multiplier in Eq. (2.6) is λ = (kBT )−1.
Hint: Start from

1
T

= ∂S
∂λ

∂λ

∂U

and use
∑

ni = 1.
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It is actually possible for quantum e↵ects to modify collisions in nondegenerate
plasmas that satisfy the inequality rd � o. In fact, the criterion for quantum e↵ects
not to modify collisions is rc � o, where rc is the mean distance of closest ap-
proach during collisions. However, it follows from Equation (1.20) that rc ⇠ rd/⇤2/3.
Hence, the criterion for classical collisions becomes rd � ⇤2/3 o. In a weakly cou-
pled plasma, for which ⇤ � 1, this criterion is harder to satisfy that the criterion,
rd � o, for nondegeneracy.

1.11 EXERCISES
1. Consider a quasi-neutral plasma consisting of electrons of mass me, charge
�e, temperature Te, and mean number density, ne, as well as ions of mass mi,
charge Z e, temperature Ti, and mean number density ni = ne/Z.

(a) Generalize the analysis of Section 1.4 to show that the e↵ective plasma
frequency of the plasma can be written

⇧ =
⇣
⇧2

e + ⇧
2
i

⌘1/2
,

where ⇧e = (e2 ne/✏0 me)1/2 and ⇧i = (Z2 e2 ni/✏0 mi)1/2. Furthermore,
demonstrate that the characteristic ratio of ion to electron displacement
in a plasma oscillation is �xi/�xe = �Z me/mi.

(b) Generalize the analysis of Section 1.5 to show that the e↵ective Debye
length, �D, of the plasma can be written

 
1
�D
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!23777775 ,

where �D e = (✏0 Te/ne e2)1/2 and �D i = (✏0 Ti/ni Z2 e2)1/2.

2. The perturbed electrostatic potential �� due to a charge q placed at the origin
in a plasma of Debye length �D is governed by

0
BBBB@r2
�
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D

1
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q �(r)
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.

Show that the nonhomogeneous solution to this equation is

��(r) =
q
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Demonstrate that the charge density of the shielding cloud is

�⇢(r) = �
2 q
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and that the net shielding charge contained within a sphere of radius r, centered
on the origin, is

Q(r) = �q
2
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3. A quasi-neutral slab of cold (i.e., �D ! 0) plasma whose bounding surfaces
are normal to the x-axis consists of electrons of mass me, charge �e, and mean
number density ne, as well as ions of charge e, and mean number density ne.
The ions can e↵ectively be treated as stationary. The slab is placed in an ex-
ternally generated, x-directed electric field that oscillates sinusoidally at the
angular frequency !. By generalizing the analysis of Section 1.4, show that
the relative dielectric constant of the plasma is

✏ = 1 �
⇧2

!2 ,

where ⇧ = (e2 ne/✏0 me)1/2.

4. A capacitor consists of two parallel plates of cross-sectional area A and spacing
d ⌧

p
A. The region between the capacitors is filled with a uniform hot plasma

of Deybe length �D. By generalizing the analysis of Section 1.5, show that the
d.c. capacitance of the device is

C =
✏0 A

d
(d/
p

2 �D)
tanh(d/

p
2 �D)

.

5. A uniform isothermal quasi-neutral plasma with singly-charged ions is placed
in a relatively weak gravitational field of acceleration g = �g ez. Assuming,
first, that both species are distributed according to the Maxwell-Boltzmann
statistics; second, that the perturbed electrostatic potential is a function of z
only; and, third, that the electric field is zero at z = 0 (and well behaved as
z ! 1), demonstrate that the electric field in the region z > 0 takes the form
E = Ez ez, where

Ez(z) = E0

2
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and
E0 =

mi g

2 e
.

Here, �D is the Debye length, e the magnitude of the electron charge, and mi
the ion mass.

6. Consider a charge sheet of charge density � immersed in a plasma of unper-
turbed particle number density n0, ion temperature Ti, and electron tempera-
ture Te. Suppose that the charge sheet coincides with the y-z plane. Assuming
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