Plasma Electrodynamics 1 June 16, 2009

Solutions of Final Exam

1.1)0
2) X (caused by ..... conducting fluid ——> by a current I in a wire)
3) X ( surface ——> volume, J,, > J,, Of J,,= M xn )
4) O 5) X (is ==> is not) 6) O 7) O
8) X (Hysteresis ——> Ohmic
or produced by eddy currents ——> caused by domain—-wall motion
and domain rotation)
9) X (electric ——> magnetic) 10) O
2. 1) Differential form: v x H=J+ %
) B oD\
Integral form: ngH- dl= fS(JJr W) ds = I + I

Meaning: The circulation of magnetic field intensity around any closed
path is equal to the free and displacement currents flowing
through the surface bounded by the path.

2) The magnetic flux linking a surface S bounded by a contour C is

@—/SB-ds —/S(VXA)-ds —ngA-dl (Wb)

3) Magnetic moment s = (ring) current X area
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Magnitude of m @ m= glqlnm =g

Direction of m is independent of q and antiparallel to B (Diamagnetic).
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4) Remnant flux density B,: . By

P1
The residual magnetic flux density that . . '
does not go to zero after the applied kg N A
magnetic field is removed. A 1 /A .

Coercive field intensity H.: L2, H‘/”)t"”’"”s’s_[fﬁp

The magnetic field intensity applied ’ A
in the opposite direction to make the \‘p‘zf
magnetic flux density of a magnetized P%, =
medium vanish. !

5) In a uniform magnetic field, F,,,:fjgleB =0

7

T=m xB=nda’ll XB
6) From v - B =0, vector magnetic potential: B=v x4 @

@ in Faraday's law v x E = — 9B/ at:
dA
VX(E+ %): 0o —» F+ —= —VV
ot ot
@ in Gauss's law v - D = p,:
o, Py 4, .
VIV = - (V- A) ®

. . oD . )
@, @ in Amprere's law v xH = J+ —~ using Vx(VxA)=v(Vv - A4)—V4A:
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Using Lorentz condition, v+ A + us% = ( by Lorentz gauge

transformations, @ and @ are simplified as

-
(V ne s oA g Wave equation
3. 1) Axially symmetric (8/8¢ = 0) and No edge effect (8/0z = 0)
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2) v r or rc’)r dr

Lof, o) 19 oF _ii( 3)
r? 8¢2 82° r dr
v A =—pu,J - vector Poisson's equation
BVP in a current=free (J=0) region (a<r<b) = V4A=0

d dAz)_
W(T dr =0 ®




BCs:
)|r=b =0 @
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ych- dl = p, I = ng(VXA)-dl =p, I = 55(— qu“s)- (prdp) = p, I
2T 8Az . B
= —fo ( )(qus)uof ®

ar

dA
Integrating O twice, r

P = dA = q% = A= Clrt ¢ @

dr
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4. 1) Ampere's circuital law: ygB- dl = p,N1I, (b—a)<r<(b+a)
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5. 1) Using Ampere's circuital law, Bl(y) =

2) motional emf = yg(u X By) - dl

_ M2I7Tu [/¢ (y X%) c (= 2dl)+ fT (y X dfw) . (;Edl)}

B Ho L, ush ( 1 1 ) luoIouohw

0 o

2t \d  d+w/ 2nd(d+w)
3) . emf luoIouohw X X . . .
1y = R ordld+w) R flowing in the counter—clock-wise direction

to increase @ in loop to oppose the decrease in @ due to loop movement.



