Hydrodynamics and Magnetohydrodynamics: Solutions
of the exercises in Lecture XII

Lecture XII, Exercise 1.
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The gyro frequencies and Larmor radii are given by
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where v, is the velocity perpendicular to the magnetic field. We assume the plasma
is in thermal equilibrium and the particles have the thermal velocity. Therefore the

velocity is given by

V] = Uth =

kT

m

3

Here we compare the gyro frequencies with plasma frequencies which can be obtained

[4mng?
wp = .
m

“
We list the results in different physical conditions (1 rad/s = 1/27 Hz).
w, [Hz] rr, (cm) wy, [Hz]
fusion machine electron | 8.4 x 102 | 23 x 10713 | 2.3 x 10*?
proton | 4.6 x 10'7 | 1.0 x 10~ | 5.3 x 1010
Earth’s magnetosphere electron | 8.4 x 10 | 2.3 x 1079 | 2.3 x 10°
proton | 4.6 x 10* | 1.0 x 10~7 | 5.3 x 10*
center of the Sun electron | 8.4 x 10?2 [ 3.0 x 1071 | 2.3 x 107
proton | 4.6 x 109 | 1.3 x 10713 | 5.3 x 10%°
solar corona electron | 8.4 x 1016 [ 7.4 x 10710 | 2.3 x 10%
proton | 4.6 x 103 | 3.2x 107 | 5.3 x 10°
solar wind electron | 8.4 x 1011 [ 2.3 x 107° | 7.1 x 107
proton | 4.6 x10% | 1.0x 1073 | 1.7 x 10®
neutron star’s atmosphere | electron | 8.4 x 10%® | 2.3 x 102! | 2.3 x 10%°
proton | 4.6 x 10%® | 1.0 x 10719 | 5.3 x 1078




Lecture XII, Exercise 2.

Consider the non relativistic motion of particles moving under the combined influence
of uniform magnetic and gravity fields. The equation of motion can be given as
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where mJg is the gravitational force on a particle of mass, m. This equation is identical
to that for motion in an “effective” electric field and the same magnetic field. Thus in
this case, the effective electric field is written as

— m_,
Eoq = —g. (6)
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From the derivation of the E x B drift we know that vy = Ex B / B2, the drift
component of the motion is given by

)

The drift velocity depends on both charge and mass. Electrons and ions are drift in
opposite direction, producing a current in the system. For the simple case of uniform
plasma consisting only of protons and electrons, the current density is given by

J = —neGa. + neva,, ®)

where ¥4 . and U, are the drift velocities of the electrons and of the protons, respec-
tively. From eq (7), the current density can then be expressed as

i=p ©9)

where p := nm, 4+ nm,,.

Lecture XII, Exercise 3.

See Lecture XIII, Exercise 1. for the solution of this problem.



