PHYS2320 (
[Griffiths Ch. 7-8] 2007/04/10, 10:10am-12:00am,

1. (6%, 7%, 7%) A sgquare loop of wire (side a) lies on atable, adistance s from avery long straight
wire, which carriesa current |, as shown in the figure.

(a) Find the flux of B through the loop.
(b) If the loop is pulled away from the wire at speed v, what emf is ‘ | i
generated? In what direction does the current flow? —§—

(c) If the current is owly varying in time I(t), determine the induced — e

I
electric field (amplitude and direction), as a function of the distance s
from the wire.

2. (7%, 7%, 6%) A toroidal coil with rectangular cross section (inner radius a, outer radius b, height
h, and atotal of N turns) carriesacurrent I.
(a) Calculate the magnetic energy stored in the toroidal coil.
(b) Calculate the flux through a single turn.
(¢) Find the self-inductance L of the toroidal coil.

3. (10%, 10%)
(8 Write down Maxwell’s equations in matter in terms of free charges p, and current J, .
Also for linear media, write the appropriate constitutive relations, giving D and H in terms of
E and B.
(b) Write down the four boundary conditions (E*, E”, B*, and B") for linear media, if there is
no free charge and no free current at the interface.



4.  (12%, 8%)
(a) Derive Poynting's theorem (the “work-energy theorem” of electrodynamics.) [Hint:
dd—VtV:I(EJf)dr and E-(VxH)=-V-(ExH)+H-(VxE)]
\%
(b) Write down the differentia version of the Poynting theorem (conservation of energy).
Explain the symbols you use as clear as possible.

5. (10%, 10%) A charged parallel-plates capacitor (with uniform electric field E=E,z) is placed
in auniform magnetic field B = ByX, as shown in the figure.

(@ Find the amplitude and direction of the Poynting vector in the space between the plates.

(b) Suppose we slowly reduce the magnetic field. Thiswill induce a Faraday €electric field, whichin
turn exerts a force on the plates. Show that the total impulse is equa to the momentum originally
stored in the field.
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1. According to Ampere's law, the magnetic fieldis B = S(p
T
(a) Thetotal flux @ = J'B da _’uolaj'mld ”0|a| (SLa)
27 s S
(b) The flux change rate is equal to the total emf E:—dq):_“ola( 1 _E)ﬁ Hola av
dt 2r s+a s dt 27 s(s+a)

According to Lenz’'s law, the current flows counterclockwise to compensate the flux loss.
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qSE dl = E(s,)l —E(s)l = _do —”—O'w(ms Ins,)
dt 2r
E()_iw(ms Ins,)+E(s,)
E(s) = ( Ins+K)z where K is a constant.
See Example 7.9 on P.308.
2.
@
B:yONI
2rr
2 2 2
U, =2 v = B p(2rdr) = 4D 4
21, 2, 4rr

U _J'bluoh(NI) dr _/JOhN ® | (E)
a  4rr 4r a

(b) The magnetic field inside atoroid B= ‘;(’NSI
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Use the flux relation: L_Nq) L= HohN™ In(E)
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Use the energy relation:

V-D=p, vxE+%B=o

@ D
V-B=0 VxH-—=J,
at



where D=gE+P =¢,(1+ . )E=¢E

H=iB—M = B=uy,0+y,)H=

Ho
(b) For linear media, D=¢E and B=xH

Di-Di=0 E'—E'=0 aE —&E, = E/ -E;=0

1 2 = 1 2=

B '-B, =0 H/-H,=0 B -B, =0 iBf—iB’z’:o
H Ho

4. (a)
dw oD
F:\J;(E-Jf)dr=J.(E-(V><H)—E'E)df

V
Product rule: E-(VxH)=-V-(ExH)+H-(VxE)

Faraday's law: VxE_—(%B

B
d—_j[ v.(ExH)-H-B 5. Py,
t ot ot
=—J.(ExH)-da—J.(H Z4E- —)d
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(b)
aw _ d J' Upend7 and —:H 8B+E a—D:E(LB2 1gOE) for linear media
dt ot ot ot ot 2
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whereu, ., isthe mechanical energy density, u,, isthe electromagnetic energy density,
and J is the Poynting vector.

S.

(@ S=—-(ExB)=-LEByJ
Hy Hy
(b)

$E-di= —d—fz-ﬁld

dt
“I(E(d) - E(O))——?Id E(d)- E(0) = d?j—B
dB .

F= —oA(E(d)-E(0)y = GAdd—y

I= jo“’ Fdt = —o Ad(B(t = ) — B(t = 0))y = cAdB,§

E=Z = I=0cAdBj=¢,E,BAd§ asbefore
)



