Solutions, Tutorial 5

1.

Define the coordinate system as below, to be compatible with the expression we
derived for an infinite current sheet.
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The parallel electric field in the ionosphere is very small due to the high field-aligned
conductivity, so the electric and magnetic fields are parallel to each other. Therefore
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From the figure, | get v = 230 m/s. The magnetic field strength we get from the dipole
strength with r = Rg + 300 km, and &= 90°-65° = 25°. Then
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Then
E=vB=13.7 mV/m.




b)

Using solar maximum values at 100 km altitude, I get (night side values)
op =8-107 S/m

on =7-10° S/m

Then

jp = opE =7.3-10"° A/m?

jh = o4E = 6.4.10° A/m?
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Taking the E region altitude to be 100 km (see Féalthammar Fig 3.2.1 b, p. 28) and
reading off the night side conductivities from Falthammar p. 31 (I used solar
maximum values), we get

jp = opE =8:107-11.6-10° = 9.3 nA/m?

ju = onE =7-10°.11.6.10°° = 81 nA/m>.

3.

a)

The strongest magnetic field the proton will encounter is 31 uT. The gyro radius pis
given by
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With the high energies associated with the cosmic ray particles, we need to use the
relativistic expression for the momentum (Félthammar p. 144):

pc =/E?—mic* , where mq is the proton rest mass (1.67x10%" kg).

Then



= \/(10RE ) -(1.6-107)(31.10°°)"(3-10°) +(1.67-10% ) (3-10°)' =

=49.0.10% +23.10% =9.5.10°J=5.9-10" eV
Note that the rest energy of the proton (1 GeV) is negligible compared to this.
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For comparison: the magnetic field in the centre of a circular loop current is
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4.

The Stromgren radius is
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