Solutions, Tutorial 3
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Note that we never needed gy, since E;; was zero.
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r = Rg + 1000 km

The geomagnetic field strength is:
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B=.B?+B = \/(Bp %cos@)2 + (TP%sin 0)?

With @ = 0° this reduces to
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B=B, "E_p R _0.646B, = 40.1,T,
*r * (R +1000km)

since By = 62 uT (Falthammar p. 85)
The induced electric field is given by
E=-vxB

Since all the angles are 90° , and we are only interested in the absolute value of E, we
get
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E=vB=VB Re -
® (R, +1000km)
Thus
E=0.28 V/m
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Right angles, so



_mg _ m-7.3

V= = — ——-23.10*m
gB 1.6-10°.2.0-10°T

v, =2.3-10*-0.91-10%* =2-10°ms™
Vo =2.3:10*-16-1.67-10 %" =0.06 ms™

b)

-3
Ve = E_1010" 12 =500ms™*
B 20-10°T

B8 = —— =8140
0.06

electrons

Fig. 4b

_E 25107

B 120107 0EMS

M-8
BZ




5.

I choose ne =1 cm™, and assume that the magnetosphere contains 50% protons and
50% oxygen ions. Then

p = (0.5-m, + 0.5-mo)ne = (0.5 + 0.5-16)mpne = 0.5-17- myne = 1.4-10%° kg/m®,

I approximate the magnetospheric volume by the volume of a cylinder with length
100 Re and radius 10 Rg:

V =m(10 Rg)®>-100 Re ~ 8-10% m°.
The mass of the magnetosphere then becomes

pV =110 tonnes

6.

Pressure balance between kinetic and magnetic pressure gives
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For a dipole field:

B2 =82+ 82 = (2 L cos0) + (42 Lgingy
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In the equatorial plane 8 = 90°, and we get

al
B? = Ho? 22
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If we assume that the solar wind contains only protons
p = NeMp

and the pressure balance becomes
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Solving for v, we get
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With the given numbers, we get

v =504 km/s, which is not a totally unusual solar wind speed.
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