PHYS2320 | (
[Griffiths Ch. 9] 2007/05/17, 10:10am—12:00am,

Boundary conditions: D, -D, =o,, E;-E,=0, B '-B; =0, H;-HJ}=(K,xf).

10°f

The wave equation: V2f =
™ V2 ot?

1. (12%, 8%)
(a) Which functions satisfy the wave equations? Check by explicit differentiation.
A
b(z—vt)>+1’
f.(zt) = AeP@ £ (z,t) = Asin(bz) cos?(bvt).
(b) Show that f (zt) = Acos(bz)cos(bvt) satisfies the wave equation, and express it as the sum of
two traveling waves.

f(z,t)= AePEW  f,(zt)=

2. (7%, 7%, 6%) Theintensity (I = <S>) 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 Eq.

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

[Hint: &, =8.8x10" C*/(N-m?)].

3. (7%, 7%, 6%) A plane wave approaches the interface from the left.
EI (Z,t) = EOI COS(kIZ—a)t)f( - _L"'.. " ) Inierisce

B, (2.0) = - By costkz— )y

Incident wave;

(a) Write down the reflected wave and the transmitted wave intermsof  Ej; 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 T
[Hint: Assume two media are linear.]



-1/2
4. (12%, 8%) The skin depth is defined as d =~ = = 3{ /1+(i)2—1}
x o\ esu sw

(@) Show that the skin depth in a poor conductor (o< we) is (2/o)\¢/u and in a good

conductor o > we is A/2r .

(b) Find the skin depth of salt water (& =80e,, u=u,, o =22 (Q-m)™) at 60 Hz and 60 GHz. Isit a

poor conductor or a good conductor?

[Hint: 4, =47x10" N/A?].

5. (10%, 10%) Thefield of the TE;o waveguide mode s
B, = B, cos(zx/ a)e® ) and B, = —ika B, sin(zx/ a)g (e
V4

[ . -
E, = Q)Tﬂa B, sin(zx/ a)*

(@ If a=7.2cmandb=3.4cm, find the cutoff frequency ( f,,, = @,/ 27 ) 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.




1
(@

f(zt)=Ae™=W (9

of of ox of 0°f  0%°f 9°x  o%f
Letx=z-vt,—=—"=" | = =
0z OX 0z OX 0z oX® 0z OX

of of ox of o’ f 0°f o°x _ ,0°f
= ——=-V_— =-v =V

ot oxot ox | oz2 oxE ot ox
A

f(zt)=———,...
(21) b(z-wt)* +1 (9
2 2
Letx=z-ut, 0 Z=iza:
ox: v° ot

f.(zt) = AeE | (X)

o*f

‘2_f = —2Abze T e 4AD*Z2€E N _ 2 Ape W

z z

X o Abve ,—azf = Ab?2e W ,i—azf = AbZ%e
ot ot v ot?

f,(z,t) = Asin(bz) cos?(bwt). ...(X)

o°f 2 n »
—- = —b"Asin(bz) cos® (bvt) ,
0z
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f = Acos(bz) cos(bvt) = g(cos(b(z +vt)) + cos(b(z - wt)))

2,
(@) | = <S>=c <u> & <u>=1320/(3x10%)=4.4x10° Im>.

(b) <u>= %gOEOZ 3 E, = /(2°4.4°10°)/(8.8*10"2) =1000(V/m)
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Ex(z1) = E g coS(—k, z— wt)X

a Reflected wave: 1 .
@ Br(21) =~ By COS(~kz- 0)f
1

E; (z,t) = Ej; cos(k,z— wt)X

Transmittedwave: 15 )1y L e cosie 7 i)y
V2

(b) Forlinear media, D=¢E and B=uH

Di-Di=0 E'—E'=0 aE —&E, = Ey -E;=0

1 2 = 1 B =

B'-B; =0 H{-H/-0 = B -B; =0 isf—isz=o
Ay H

(c) Normal incident: no components perpendicular to the surface.

Normal boundary conditions; no normal components, so omit.
Tangential boundary conditions:

Ei/_Elzlzo E0| +E0R EOT
1 1 = ~ ~ ~ ~ ~ \V
~B]-—"B;=0 ~E) =By = (B ~Eoe) = fEyy, Wherep= 2L
H Hy AV AL VAL

Eo ( ﬂ)EO,,Reerctloncoefﬂuent R_:_R:(ﬂ)Z

1+ 5
E,, —(L)E0 Trangmission coefficient T =T = SZ—\IZ(L)Z
w5 T, gy, 1+ 8

()d_lzi\/Z|: 1+(£)2_1j|—
k o\eu|\ “ew

poor conductor:

9«1, 1+ (i)2 :1+£(£)2,

EO EQ 2 csw

b2 e
&

good conductor:

j
EQW 5,u ga) k « k 27

(b)
6OHz T =22 . 2
¢w 60-80-5, 60-80-8.85-10

=5.2*¥10° >1...good conductor



L d~ |2 :\/ 2 _139(m)
oUC 27-60-47-10"-22

60GHz: —=5.2- 108 1 =0.52...poor conductor
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a 2a 2*0.072
(b)

B, = B," cos(zx/a)e* ™ + B, cos(zx/a)e ™" = cog(zx/a)e" (B, € + B, )
Boundary:

z=0, B,=0, = B,’+B, =0,= B,’ =-B, ,= B, = 2iB," cos(zx/ a)e ' sin(kz)
z=d, B,=0, = sin(kd)=0,=kd=pr,p=123..

= B, = 2iB," cos(zx/a)sin(prz/d)e’

B :EB “sin(zx/ a)gte + 4 lka B, sin(zx/a)e™ ™ = —ka ——sin(zx/a)e' (B,'€"* - B, €")
VA T VA

—2ika

=R n(ex/a)e  (By € + By e ) = 2X2 B sin(zx/ a) cos(ka)e
T

—2ia (ﬂ) B," sin(zx/a)cos(prz/d)e’

E, = IwﬂaB sin(zx/ a)e® ) + loua B, sin(zx/a)e ™ =
T T

lopa ——sdin(zx/a)e"*(B,'€" + B, ")
T

—2mua

_ loua sm(;zx/a)e_'“’t(B eIkZ B —|k2) = BOJr sin(zzx/a)Sin(kZ)e_iwt
T

_ —2wpua

B," sin(zx/a)sin(pzz/d)e ™



