PHYS2320 ( )
[Griffiths Ch. 9] 2008/05/13, 10:10am-12:00am,

1. (10%, 10%) The generalized dielectric constant.

Assume there are N molecules per unit volume and Z electrons per molecule. Each molecule contains
fi electrons with binding frequency @ and damping factor y, where Z=Xf;. The electrons could be
classified into two groups, bound electrons and free electrons. The free electrons are denoted as fo,
ap=0, andjo.

(a) Find the general polarization P.

(b) Find the general form of the complex dielectric constant.

2. (10%, 10%) Birefringence: the wave plate

Linearly polarized light entering a wave plate can be resolved into
two waves, parallel and perpendicular to the optical axis of the wave
plate. In the plate, assume that the paralel wave (k,) propagates
slightly slower than the perpendicular one (k).

Near side: f, = A cos(K, z, — wt)x + A, cos(k, z, — wt)y

Far side: f, = Ajcos(K, (7 +d)—awt)x + A cos(k, (7, + d) - ot)y
(8 At the far side of the plate, can we change the polarization of the the resulting combination
orthogonal to its entrance state? At what condition?

(b) Isitpossibleto form aright or left hand circular polarization? At what condition?

F

3. (10%, 10%) A wave is propagating in a rectangular waveguide
with fundamental TE;o mode. f
B, (x, z,t) = B, cos(7x/ a) cos(kz— at) . L

(a) Find E,, Ey, By, and B,? Rl

(b) Find the surface current K on the bottom of the inner wall (the

yz plane)?



4. (10%, 10%) A coaxial transmission line of inner radius a and outer radius b is filled with a
dielectric material of permittivity 2¢, and permeability z, .
(a) Find E and B.

(b) Find the electric u, and magnetic u,, field density. Arethey the same?
[Hint 1: Reduce the problem to two dimensions.]
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5. (6%, 7%, 7%) A plane wave is normally incident onto a lossless d

dielectric slab of thickness d and dielectric constant 4c,, as shown in "=
the figure.
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E (zt)= Emé(klzwt);‘

Incident wave:

B, (20) = - E, &5 e T Sl
Vl

(a) Write down the reflected wave, transmitted wave, and wave in the dielectric dab.

(b) Determine the reflection coefficient R and the transmission coefficient T as a function of
propagating constant k and thickness d.

(c) If the frequency of the incident wave is 30 GHz, what is the minimum thickness d such that no
reflection is observed?

[Hint: Assume the mediais linear and there is no free charge and no free current at the interface.]



(@

Let x(t) = x,e™ and substitute
x(t) = x,e'
E(x,t) = E(0)e

we obtain m(-o” —iwy + w?)x, = —eE(0) with the solution:

e_ E©O e E(Q)eiet
MZ—w?—iwy M Z—w?—iwy

into m(X + yx + w’x) = —eE(x, 1),

Xg =— = x(t) =-
bound electrons: w; # 0

Divide the dectrons in the medium into
freeelectrons: w; =0, f; = f;, 7, =7,

f. fo
P(x) = Nz fp, = (Nez bounda’jz—Tj—Wj+ | Nﬁeﬁm)z—ij(x) £,7.E(x)
(b)
D(x) = ,E(x) + P(x) = ¢E(x)
s
to fields with exp(—iwt) dependence, we obtain D(x) = ¢E(x)
Ne2 f - Ne2f,

with ¢ = g, +

O—?— @y ; ma)( —Ia)) =6 tiG
j (bound) =] 4 J 7 0

gb o/

2.

(a)Yes, we can.

Near side: =0 f, = A cos(-wt)x + A, cos(—at)y .

Thefield is polarized in the first and third quadrants.

Far side: f, = Ajcos(k,d + nz — wt)X + A, cos(k d — wt)y = —A, cos(k d — wt)x + A, cos(k d — wt)y,

where (k, — ky)d =nrz, n=135,...

Theresulting field islinearly polarized in the second and fourth quadrants.

(b) Yes, we can.

Near side: =0 f, = A cos(-wt)x + A, cos(—at)y .

Thefield is polarized in the first and third quadrant.

Far side: f, = Ajcos(k,d + 57— wt)x + A, cos(k d - at)y = —A sin(k,d — wt)x + A, cos(k d - at)y,
where (k, -k )d =37, n=1509.. LHCP

Far side: f, = Ajcos(k,d + 57— wt)x + A, cos(k,d - wt)y = A sin(k,d — ot)x + A, cos(k,d - at)y,

where (k, —k,)d =357, n=3711.. RHCP
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@ B,(x,zt)= Bcos(nx/a)cos(kz a)t)

i OB [

@55)=0 (-0=2)=

E = E =
* (wlc)® —k? Y (a)/c)z— k? ax (w /c)
[ aB i
B, = k—%)=0, B, = Bry_
Y (w/c)z—kz( ay) (wlc)® —k? ( ) (wlc ) (
(b) The surface current K on the bottom of the inner wall.
At x=0, the only non-vanished termis B,(x =0) = B,cos(kz— at) .

K =nxH =xx B, cos(kz— at)z = —B, cos(kz— at)y

4.
(@) The problem is reduced to two dimensions.

V., xE=0 E=-V.4., V. ’4.=0 eectrogtatic
V.xB=0 B=-V.4,, V. 4,=0 magnetostatic

Electrostatic: the infinite line charge: E,(s,¢,zt) = W§

Magnetostatic: an infinite straight current: B(s, ¢, z,t) =

oE
B % _ KA in(kz—at)
VxE=-"2 3 g’é . B="A
~ s _ PPynkz—wt)
ot S
(b)
1 A’ cos’ (kz — wt)
Ue :E(ZSO)EZ = SZ
U - 1 g 1 B? cos’ (kz— wt) _, A’cos’(kz—awt) , 1 a)_z)
" 2u, 24, & 0 c’s? 24,6, K
2
since =0 = k®=2u6,0° = U, =U,
Yes.
5.
€Y
E.(Z,t)_Eou ez
Incident wave: reat) A
B (z0)=1 Eo ety
Eq(zt) = ane'(klz %
Reflected wave:

1 i(—kz—ot) 2
BR(z,t):—VEORe( kz-at)y

1

B cos(kz— awt) P
S

2% sin(Z x) cos(kz— at)
a a

T

—”)sin(— x) cos(kz— at)
a a



Ed (21'[) — EOC i(kzZ—a)t)ﬁ_i_ E0 ei(_kzz_ﬂ)t)"

Wave in the dielectric dab: A )
B,(zt)= EOC gleraty E0 gkrag

ET (Z,t) _ EOT i(klz—a)t)’*
B.(zt)= Eo glazody

1

Transmitted wave:

(b)
Boundary condition:
Tangential Eat z=0, E, +E,z =E, +Ey,

Tangential B at z=0, —(EOI ~Eyr) =_(EoC ~E,)
Vi V,
Tangential E at z=d, E € ghed 4 E., gikd _ EOTeikld

Tangentia B at z=d, i(EOCeikzd ~E ") = 1 E, e
V2 Vl

T =|Eor =1+1[—k12‘k22j sin?(k,d)
= 4\ kk,

B 1, (KK -k Y .,

T

(©)

R1{1+1(ﬂ] sinz(kzd)J(Mj sin’(k,d) = 0
a4 Tk Ik,

snk,d)=0 = kd=r, k=21

d=-5—025cm
4f



