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1. (15 points) [(a) 5 points (b) 10 points]

TR R ZE H ] DA RARRAVELAAZR (magnetohydrodynamic (MHD) wave ) » 8] LUF AL
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(a) EEFIA Maxwell's equations #EZETE B 22 H{EREHTSIREHLL JTHET -

(b) FHREERCE RSB M0 - EEEE R P EFFENE(L - EREIEIE - %
ISR RVEME ~ BB TT MEVEME - DUBCREERIAR/N ~ BRI - BUgESEER St - R R K
R DUESRE » T BIRE A S8 ARKRE M - FHERB RS ? BTEE R LUERR
& o T ELARIE A & R NS 2

2. (25 points) [(a) 5 points (b) 5 points (c) 5 points (d) 5 points (€) 5 points]

(a) B4 EEREIZEEFHEA (quiet-time ) SBRREIE DA S HAP AT @ I 1 BG4S T B - BT (0 iy 288 - (AT LAY
X IR S U YA R PN A )

(b) FETEE PIEEREFFHARE R EIR REEIR (electric currents) 53BN  sHsiHE LB (24
EREE) BRI -

(¢) FTEEI PRSI ER TG P A RS (electric field) SATHETY - FRIIE BBV HLIS
i o

(d) Mg EHEEESMEERES - FEEPEREREER - {EE - WERAPREES « BEE
YRR > IR BAEREEY (plasma flow pattern and flow direction) °

(e) sHNALSER IR BB BRI E B —(ERLEISEEBTER A —(ER B A AV E SR AR TR -

3. (10 points)

Let @y[5,S()]= J.J‘S(’)B(x,t) -da be the magnetic flux passing through a surface S(z), where B(x,t) is

the magnetic field. Show that the change of magnetic flux along the fluid trajectory is

d®g|1;5(1)]

y _ _S[)C(S)dl (Ex,0)+ Vi(x,0) X B(x,0)],

fluid trajectory

where E(x,t) is the electric field, V(x,t) is the plasma flow velocity field, S(z) is the surface area
covered by the sampled plasma, and C(S) is the loop around of the surface area S(z) in the

counterclockwise direction.
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4. (15 points) [(a) 10 points (b) 5 points]
(a) Derive pressure profiles of neutral atmosphere for N;, O, and H under hydrostatic equilibrium and their

relations with scale heights.

(b) Sketch the pressure profiles from ground to 1,000 km altitude.

5. (15 points) [(a) 10 points (b) 5 points]

(a) What are the main chemical reactions (including production and loss) of terrestrial ionospheric plasma
(electrons and positive ions) in the E and F region, respectively?

(b) Explain why the nighttime plasma disappears in the E-region but can sustain in the F-region. It is

assumed no solar radiation during the night.

6. (10 points) _

Derive the unit tangent vectors q and p in a dipole coordinate system with r -
and O of the spherical coordinate system as the following figure. Itis

noted that the geomagnetic field B can be expressed as the following

equation:

L 4

_ 3

B(r,0)= B RE (20039r+sm96)

7'

where By represents intensity of magnetic field at the equator and at » = Rp.

7. (10 points)

Explain how electric field components perpendicular to the magnetic field can be mapped along the
geomagnetic field for long distances in space. For example, any electric field generated at ionospherié
heights would be transmitted along the field lines to very high altitude (even to the magnetosphere). Note
that total current (J) related to the electric field (parallel to the field line, E,, and perpendicular to the field line,

E;) shown in the following equation can be used as a starting point for this question:
J=0.E, -0, (El xﬁ)+GOE”,

where Gp is the Pedersen conductivity, and oy is the Hall conductivity, Gy is the specific or parallel

conductivity, B is the unit vector along the field line.




