PHYS-E0461 Introduction to plasma physics for fusion and space applications
First examination 12.10.2026

If any of the problems ask you to calculate numerical values, it is enough to give rough estimates. Values of common
physical constants, together with basic physics formulas, are given in the appendix.

1. (Plasma phenomena and general aspects) (6p)
Give short (not more than 1/3 page for each) but complete answers to following three questions:
(a) Explain what is meant by quasineutrality (in relation to plasmas)? (1p)
(b) Explain what is the plasma parameter and how it relates to the Debye sphere. (1p)
(¢) During the lectures several plasma waves were introduced. Why there are so many waves compared to
neutral gas (that only carries the sound wave)? Give an example of a plasma wave. (1p)
(d) Let’s make sure you understand that the existence of plasma requires that the plasma parameter A has
to satisfy the condition A > 1.
The basic requirement is that the electrons and ions should stay apart, i.e., not recombine. This means
that their kinetic energy Ej;, should greatly exceed their interaction energy, here assumed to be purely
electrostatic, Epot ~ q192/d, where d stands for the distance between charges ¢; and ¢2. Note also that, since
we are doing order-of-magnitude estimates, we neglect algebraic junk, such as factors of 4w. Consider now

only electrons with density n. and temperature Te, so that ¢; = g2 = e. Show that this physical requirement
equals the condition A ~ n.- A}, > 1. (3p)

2. (Charged particle motion in magnetic and electric fields.) (6p)
Integrate the charged particle motion (find the position as a function of time) in a homogeneous magnetic
field, B = Byz,

(a) for E = 0 (no electric field). (3p)
(b) for E = Eo&. (3p)
3. (About the cyclotron waves.) (6p)

In the rotating basis, the wave equation of parallel waves (B = Boe;, k = ke,) diagonalises:

(L — n?)E, =0,
(R 7E ’I'L2)E— =0,
PEz 07

with By = (E, +iE,)/\/2.

(a) For the pure L-wave to exist, the R-wave must be absent (E_ = 0), and vice-versa. Assuming the wave
is monochromatic (a single pair of k, w values), use this condition to show that the L/R-waves are
left /right-circular polarised. (3p)

(b) Discuss qualitatively the implications of this result on the waves’ interaction with gyrating charged
particles (resonances). (3p)

4. (From distribution function to real life) (6p)

Calculate the first three velocity moments of the distribution function fs(x,v;t), i.e., the Oth, 1st and 2nd
moments. Here, the 2nd moment refers to v?, not the matrix v ® v. Use the 2nd moment to show that
the energy density is given by %nT -+ %mnV2, where V is the magnitude of the bulk velocity V, %nT is the
thermal energy density, and %mnV2 is the kinetic energy density. The velocity space dependence is given by

the shifted Maxwellian distribution fys(v) = (527)"” exp (- 25 (normalized to unity).



;“Helpful physics formulas

Debye length
Plasma parameter
Plasma frequency

Larmor frequency

Larmor radius

Magnetic moment
E x B drift
Gradient, drift

Diamagnetic drift

Maxwell-Boltzmann

Convective derivative
Collision frequency

Gauss’s law
Gauss’s law for magnetism

Maxwell-Faraday equation

Ampére’s circuital law
Sound speed in ideal gases

Sound speed in plasma
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onstants

um permittivity o = 8.9 102 C/Vm
etic permeability o = 47 x 10°7 Tm/A
of light ¢ = 3 x 10® m/s

entary charge e = 1.6 - 10-19 C

ron mass m, = 9.1 10731 kg

oton mass m, = 1.7 x 1027 kg

ector identities

BB X C=AxB.C=B-CxA

Ax(BxC):(C'xB)xA=B(A.C)_C(A.B)
. (AxB) - (CxD)=(A-C)(B-D)-(A-D)(B-C)
(AxB)x(C><D)=C(A><B-D)_D(AXB.C)

5. V-(fA)=f(V-A) +A- (V)
6. V x (fA) = f(V x A) — A x (Vf)
7. V-(AxB)=B-(VxA) — A (Vx B)
8. Vx(AxB)=(B-V)A-(A-V)B+A(V.B)- B(V-A)
9. V(A-B)=A><(VxB)+B><(VxA)+(A.v)B+(B.V)A
10. V- (AB) = (V- A)B+(4.V)B
1. V-(JT)=V/f - T+/V-T
12. V- (V x A) =0
3. V2ZA=V(V-A)-VxVxA
V(fg) = fVg+gVf
V- (VfxVg)=0
v vs= VS
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4 Curvilinear coordinates

Cylindrical Coordinates (r,p, 2)
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Spherical Coordinates (r,0, ¢)
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5 Gaussian Integrals

Definite integral relations of Gaussian integrals
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6 Useful Fourier transforms
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