
PHYS-E0461 Introduction to plasma physics for fusion and space applications 1. Exercise

1. (Warm up) (5p)

Calculate the electron plasma frequency, gyro-frequency, Debye length, plasma parameter Λ, and Coulomb
logarithm ln Λ for the following plasmas

(a) Fusion experiment: Te = 10 keV, ne = 1020 m−3, B = 5T

(b) High-latitude ionosphere at 150 km altitude: Te = 0.1 eV, ne = 105 cm−3, B = 50 000 nT

(c) Solar wind at 1AU: Te = 10 eV, ne = 10 cm−3, B = 5nT

(d) Core of the Sun: Te = 1keV, ne = 1026 cm−3, no magnetic field

(e) Neutron star: Te = 100 keV, ne = 1038 cm−3, B = 108 T

These are the ”natural” environments for plasmas.

2. (A bit harder) (6p)

(a) Solve the expression for the perturbation potential due to a point charge qδ(r) in an electron-proton
plasma that is in a thermal equilibrium. Since the ions are much more massive than the electrons, they
can be considered stationary (ni = n0 = constant). The electron density, in the presence of an arbitrary
potential Φ, is

ne(r) = n0e
−qeΦ(r)/T

First, write down the Poisson equation, then perturb the system with an additional charge, qδ(r), and
use Taylor expansion for the densities around the equilibrium. Solve the differential equation using
spherical coordinates to get the result

δΦ =
q

4πǫ0r
e−r/λD

(b) Sketch the perturbation potential for a hydrogen ion in the core of the Sun, a neutron star, and in the
solar wind at 1AU. How well do the other particles see the perturbation in these different environments?
Remember that the densities are different as well. You can use the average distance between the particles
for the comparisons.

3. (Cool down) (4p)

The degree of ionization is described by the Saha equation

ni

nn
= 3× 1027T 3/2n−1

i e−U/T

where ni is the number density of ions and nn of neutral atoms, T the temperature in eV, and U the ionization
energy. Assume that the dominating ion species in the ionosphere is O+ and their density 1011 m−3 and
temperature 0.3 eV. The ionization energy of oxygen is 13.62 eV. What is the ionization degree of this
plasma? Using the neutral oxygen density found here, calculate the ionization degree also for temperatures
of 0.1 eV, 0.2 eV, and 0.5 eV.

4. (Food for thought: lightning)

Consider the natural phenomenon called lightning. Research the phenomenon and explain (in writing) what
is has to do with plasma physics. Return your short write-up at next lectures.
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