FYSS6360 Plasma physics Exercise 1/6  (Monday 14 January 2019)

1. Calculate with the Saha equation the ionization degree for the following two cases.
(a) Ionospheric plasma with temperatures of 0.1 eV, 0.3 eV and 0.5 eV. Assume O+ as the domi-
nant ion species with 10! cm~2 density.
(b) Air at atmospheric pressure and 300 K temperature. Assume nitrogen as the dominant element.

2. Estimate the Debye length in the following situations. Find estimations for the information needed
for the calculations from literature or online.
(a) Flame
(b) ECR ion source plasma (n, ~ 10" cm™ and T, ~ 100 keV)
(c) Core of a star

3. Estimate the fraction of the electrons which have energy in excess of 14.5 eV when the temperature
corresponds to 2 eV and 5 eV.

Hint 1: The Maxwell-Boltzmann distribution might be a good place to start.
Hint 2: erfc(z) = % [ e du

33‘2z x
erfc( ) \/_cc (1 - # + —(2;23)2 - (;232)53 =+ s )

4. Consider a spherical plasma (radius R) consisting of singly charged ions and electrons with electron
density n. and electron temperature T, . Due to thermal motion electrons near the surface can move
outwards (leaving ions behind) by a distance As. The thickness of this sheath can be estimated by
setting the potential energy of an electron at the surface to be equal with the average thermal energy
(B = —k:T of the electrons. Estimate As. Express your answer in terms of the Debye length, Ap.

5. Radiocommunication on Earth over long distances is based on application of MHz-range waves.
The waves can be transmitted even without a direct line of sight between the transmitter and the re-
ceiver because of scattering from the ionospheric plasma. The MHz-range waves cannot propagate
in the ionospheric plasma if the plasma oscillation frequency is greater than the frequency of the
RF (we will see later during the course that this is the condition for wave propagation in plasma).
Instead the waves are reflected and can thus reach the receiver. Even multiple bounces” between
the jonosphere and the ground are possible. Calculate the required plasma (electron) density in the
ionosphere to inhibit propagation of waves within the range of 1 — 10 MHz.

* Bonus question related to problem 5: Radio hobbyists can often experience trouble when transmit-
ting/receiving during the night. Why is this? Drawing a sketch might be helpful.
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