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L. Using Maxwell's equations and the Ohm's Law in magnetohydrodynainic limit (ie., E +

show that MHD (magnetohydrodynamic) plasma satisfies the frozcn-in-flux condition, i.c.,

d® _dlp . 4a-=
o drlB da =0

where E, B, V, and ¢ are the electre [ield, magnetic field, plasma llow velocity, and speed of light,
respectively. The Qhm's Law is written in Gaussian units.

2. (a} Consider a nonuniform magnetized plasma with a larpe density gradient at x=0. i.e., plasma density
i§ lower at x < (%, but higher at x > 0, Tf the background magnetic field is along the z-direction, please
qualitatively delesnine the direction of electric cument at x = (),

(b) Apply your result 10 determine the clecitic current divection at dayside magneiopause, nightside

magnetopause, plasma sheel boundary tayer, and at plasmapause.
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1. #8 R & (bow shack)

Z., # §& (magnetosheath)

3. 88 R T (magnetopause) (WAE#HERFZ}

4, € % & (plasma mantle)

b. & K B (magnetotail loke)

6. € ® A (plasma sheet)

7. 8 % A & - & {plasma sheet houndary layer)

8. & % E (polar cusp) )
9. € & M (vlasmasphere) —
10, € ®& & R (plasmapause) +
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C. Please state the [ollowing terminology (20%)

(1) Chapman thcory

(i1) diffusive equilibrium

(itl) transition level

(iv) deviate and non-deviate absorptions

(v) ionospheric slab thickness

(vi) true height analysis

(vi1) TEC (the Doppler Shift tcchnique)

(viii) PCA

(ix) ionospheric conductivities Gy, Gp, and C¢
(x) equatorial anomaly

D. (i) Use an equation to express the rate of change clectron concentration in the
lonosphere and derive the relationship between plasma frequency fy and

zenith angle y in the o and B-type Chapman layers during photochemical
equilibrium,

(1) The total solar eclipsc path on October 24, 1925 was ncar the gcomagnetic
cquator and the maximum occurring at Taiwan was 75% and around the
midday, what kind of responses could be observed in the ionospheric E, Fl,
and F2 regions at Chung-Li7 and why?

(15%)
E. The Appleton formula can be cxpressed as
n=1- X
, ] 1/2
Y Y.,
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CA1-XAZ) T 4(1-X-i2)2

In the collisionless ionosphere, (i) please derive the relationship between X
and Y for the reflection condition of vertical sounding; (ii) for the
geomagnetic filed 0.5 gauss and a sounding frequency 4 MHz with an
incident angle 30°, please calculale the refractive index and electron
concentration at reflection point of the O-wave.
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