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< Boundary conditions: D' =Dy =o;, E/-E)=0, B'-B, =0, H/-H,=(K, xn).
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<> The wave equation: V*f =

1. (12%, 8%)
(a) Which functions satisfy the wave equations? Check by explicit differentiation.

: 4
2,0)= 4" [z )=,
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fi(z,t) = AePE, f.(z,t) = Asin(bz) cos* (bvt).
(b) Show that f;(z,t) = Acos(bz)cos(bvt) satisfies the wave equation, and express it as the sum of

two traveling waves.

2. (7%, 7%, 6%) The intensity (/ = <§>) of sunlight hitting the earth is about 1320 W/m?.
(a) Calculate the average energy density <u>.
(b) Find the amplitude of the electric field Ej.

(c) Find the force on a perfect reflector of area 1 m” if sunlight strikes normally on it.

[Hint: &, =8.8x107"> C*/(N-m?)].

3. (7%, 7%, 6%) A plane wave approaches the interface from the left. -
E,(z,t) = E,, cos(k,z — ot)X _r " etace

. : 1 R
Incident wave B,(z,t) =—E,, cos(k,z — wt)y
v

1
(a) Write down the reflected wave and the transmitted wave in terms of E,, and E, , respectively.
(b) Write down the four boundary conditions, if there is no free charge and no free current at the
interface.
(c) Find the reflection coefficient R and the transmission coefficient 7
[Hint: Assume two media are linear.]
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4. (12%, 8%) The skin depth is defined as d == - i{ 1+(Zy —1}
Kk o\eu E®

(a) Show that the skin depth in a poor conductor (o< we) is (2/o)\J&/u and in a good
conductoro > we is /27 .

(b) Find the skin depth of salt water (& =80¢,, u=u,, o =22 (Q-m)") at 60 Hz and 60 GHz. Is it a

poor conductor or a good conductor?

[Hint: g, =47x107 N/A*].

5. (10%, 10%) The field of the TE;y waveguide mode is

: —ika ,, . o
B. =B, cos(rx/a)e™™ and B, = —~2 B, sin(zx/a)e’ "
7r

i(kz—awt)

£ - ioua

) B, sin(zx/a)e

(@) If a=7.2cmandb=3.4 cm, find the cutoff frequency ( f

mn

=w,, /2m) of this mode.
(b) Consider the resonant cavity by closing off the two ends of the waveguide, at z =0 and z = d,
making a perfect conducting empty box. Using the new boundary condition, determine the

electric and magnetic fields.
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fi(z,0)= 4eE(O)
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Letx=z-vt, AL ." a{:%af

fi(z,0)= A0 (X)
Zf — 2 Abze —b(z2+vt) , ?;f 4Ab2 2 —h(z +t) ZAbe—b(z2+w)
z z

af —Abve —b(z2+vt) , azf Abzvze—b(z2+w) L azf Ab2 —b(z*+vt)

ot ot "V or

f.(z,t) = Asin(bz) cos’ (bvt). ...(X)

aa_{_ —b* Asin(bz)cos’ (bvt),

2
(Zf = —2bAvsin(bz)cos(bvt)sin(bvt) , 8 f = 2b*> Av? sin(bz)(sin* (bvt) — cos’ (bvt))

1 82f 2 . - 2 2
7 =2b" Asin(bz)(sin” (bvt) — cos” (bvt))
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(b)
2 2 2
0 { = —Ab* cos(bz) cos(bvt) ,% = —Ab*v? cos(bz) cos(bvt) ,Lz 0 { = —Ab* cos(bz) cos(bvt)
0z ot V- Ot
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f = Acos(bz)cos(bvt) = g(cos(b(z +vt)) + cos(b(z —vt)))

2.
(a) [ = <S>=c <u> = <u>=1320/(3x10%)=4.4x10° J/m’.

(b) <u>= %gOEOZ D>E = \/(2*4.4*10'6 )/(8.8%107%) =1000(V/m)
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== =2u, F=88x10°N
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(2)

E,(z,t) = E, cos(—k,z — ot)X
: 1 V
Reflected wave B, (z,t) = ——E,, cos(—k,z — 1)y
Vl

E,(z,t)=E,, cos(k,z — o)X

B, (z,0)= lEOT cos(k,z —mt)y
%

Transmitted wave:
2
(b) For linear media, D=¢E and B=yH
gE - E; =0 E' -E!/=0
DIL—DZL:() E{/—E/z/zo 11 22 1 1 12
B'-By=0 —B/-—B,=0
H H,

B -By=0 H/-H)]=0
(¢) Normal incident: no components perpendicular to the surface.

Normal boundary conditions: no normal components, so omit.
Ey +Epp = Eor

Tangential boundary conditions:

E -E, =0
1 1 = 1 = ~
Ly te-0 T L,
e o Y, Vv,
-8 - , . I, 1-
R = (—ﬂ)EO ,» Reflection coefficient R=—*% = (—’B)2
1+p I, 1+p
~ ~ o . 1
E, = (IL)E0 ,» Transmission coefficient T EI—T il
+ 1

4.
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(a)d=—=— /—{ 1+(i)2—1}
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poor conductor:
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(b)
22 22 _so%

60Hz: i: = 12
ew 60-80-g, 60-80-8.85-10

0° >1...good conductor
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—d~= 2 :\/ 2 — =13.9(m)
o)y 27-60-47-107"-22

60GHz: —=5.2- 108 1 =0.52...poor conductor

12
_2 e ,/80 88510~ _52+410% (m)
o\ u 47-10

5.

e c 3*10°
a) w=—,f =—=—"——=208(GHz
@ o, a Je 2a 2*0.072 ( )
(b)

B. =B, cos(nx/a)e'™“ ™ + B, cos(rx/a)e' ™ =cos(zx/a)e " (B," "™ + B, e™)
Boundary:

z=0, B.=0, = B,"+B, =0,= B, =—B,”,= B, =2iB," cos(zx/a)e " sin(kz)
7=d, B.=0, =sin(kd)=0,= kd = pz, p=1,2,3...

= B_=2iB," cos(nx/a)sin(prz/d)e”™

B : ! ika t —ika iot + i - i
B, = a B, sin(zx/a)e'™™™ +— B, sin(zx/a)e' ™" = ——sin(xx/a)e " (B," "™ — B, e”")
T T T
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—ika . , ‘
= ™ Sin(zx/ a)e “(B, "™ +B,fe™) = B, sin(zx/ a)cos(kz)e ™
T

—2ia ,p

( )B sin(zx/a)cos(prz/d)e ™

Ey:m),uaB sin(zx/a)e’ ™ + lopa ——B, sin(zx/a)e " = iopa ——sin(zx/a)e”" (B, " + B, ¢ ™)
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] . ; - ; -2
= IOHE (x| a)e ™ (B,fe" — B, e ™) = wHa
T

B,"sin(zx/ a)sin(kz)e
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B, sin(zx/a)sin(pzz/d)e




