EE351 Fall 2004 21 Sep 2004 HW #3 Solutions

Problem 10.36: A 30 MHz uniform plane wave with
H=10sin(wt+BXx)a,mA/m

exists in region x>0 having 0=0,6,=9,u,=4. At x = 0, the wave encounters

free space. Determine:

A) The polarization of the wave:
X =q o aXa,=—q 2 a=—2a,

B) The phase constant B :

27 f 2 x 10°
B=wu =% urer:%\/&kg:&?ﬂad/s:ﬁ
X

C) The displacement current density in region x>0 :

o0 0 0 oH
J=|ox oy oz |=— axzay:—loﬁcos(wt+13’x)ay
0 0 H,(x,t)
=—37.7cos(wt+px)a,mA/m

D) The reflected and transmitted magnetic fields:

o My 2
N>=N1="No E_,_§n0
0T U8 _ g5 r—1ir—6/5=1
n,+n, 5/3
E=10n,sin(wt+px)azmV/m,a.=—a,
Reflected Wave

E=I 10r,lsin(wt—[ix)(—ay):—%nosin(wt—BX)ay
& Xy = —a Xy =~y =—a,
H,=I'10sin(wt—BXx)(aa,) mA/m=—2sin(wt—Bx)a,mA/m=H,
Transmitted Wave
E=7110n;sin(wt+px)(—a,)mV/m=—8n,sin(wt+pAx)a,mv/m
A Xy = - Xay =—q o =4a,
H=T1 1Oﬂsin(ther)azmA/m:SSin(ther)aZmA/m:Ht

N>
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Problem 10.36 Continued

E) The average power density in each region

= E; E; ) niH;
Pou=—2(—a)+—2(a)=——2(1-T?|a=——2—"2
' 2n1< %) 2’71( ) 2’71( )ax 2n, >
2n ?
—| (10°) 2
Po=— (112 =290 |1 [ L] |10,
avel 2 ﬁ 3 0 25
3
Pua=—12.1a uW/m
2
2 2 2
p, - (- —7T2niH‘2’t(—ax)——(6/5) (3%) o x10 % a,
ave2 2’72 2’72 2’70
Pueo="121a uyW/m

Problem 10.37: A uniform plane wave in air is normally incident on an
infinite lossless idelectric material having &,=3u,=1. If the incident wave
E;=10cos(wt=z)a,V/m, find:

A) Aandw of the wave in air and the transmitted wave in the
dielectric medium.

2
Blzl,;\l:B—’T:27T:e3.283m:2\l

1
w,,=CcB,=3%x10°rad/s=w,,

BZ:% v urer:(l)\/@:1.73rad/m=/3’2

2 2m

)\Z_B—Z_ﬁ_

B) The incident H; field:
E 10
H,=—=-———=0.0265
° n, 120w

=X ag = a X, ay=—a
H;=—26.5cos(wt—z)a, mA/m

3.63m=A
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Problem 10.37 Continued

C) I'andTt:
1
P PO B PV
n,+n; i—i—l
V3

T=1+I'=0.732=71

D) The total electric field and the time-average power in both regions
E,=TE,=7.32,E, =IE,=—2.68
E,=E+E=10cos(wt—z)a,~2.68cos(wt+z)a,V/m
E,=E=7.32cos(wt-2z)a,V/m

o _(EGtEL)  _10%+(-268)°

el 2n, 2407

_ B _(V3)(7.32)
221, 2407t

a,=0.1231a,W/m’=P

avel

P a,=0.1231a, W/m’=P

ave2

Problem 10.45: A plane wave in air with
E=(8a,+6a,+5a,)sin(wt+3x—4y)V/m
is incident on a copper slab in  y>0. Find @ and the reflected wave. Asuume

copper is a perfect conductor (Hint: Write fdown the field components in both
media and match the boundary conditions)

B,=V 32+42:5:%—>w:c31:15>< 10°rad/s=w
LetE,=(E,X,Eyy,Eyz)sin(wt+ B, k)&, V/m

We need to find some equationsto relate the E_0 coefficients
to the coefficientsin the hat a_k vector

In a perfect conductor, V X E,=0,thus3E,x+4E,y=0
Also,aty=0, E, tan=E,tan=0
E,tan=0-8a,+6a,+5a,+E xa,+E,za,=0
By separatingvariables, wearriveat E,x=—8and E,z=—5
Usingthefirst equationabovethat relatesE,xand E, y,
wehaveE,y=—3/4E x=—0.75%(—8)=6
Hence,E,=(—8a,+6a,—5a,)sin(wt+3x+4y)V/m
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Problem 10.46: A polarized wave is incident from air to polystyrene with
u,=1,6,=2.6 atBrewster angle. Determine the transmission angle.

We know to use the parallel equations because
the “polarized wave” is “incident,” thus the
wave is polarized to the angle of incidence.

&

1

nl ’70 o
C0s0,=— c0sO,=—————c0s(58.11")=0.8499
(= 00805 = o 005(58.11°)

0,=cos *(0.8499)=231.89°=0,

Problem 1: For the plane wave given by:
E,(z)=4cos(wt-Bz)a+2cos(wt+90°-p7z)a,
Determine the following

1) Direction of propagation
This plane wave is propagating in the +a&, direction
2) The polarization

This can be rewritten as the following (to more easily follow the
solution to Problem 3 in HW#1)

E=E,+E,=4¢""?a +2¢ 7% 24,
Notice this has the phase shift (m/2) present in the elliptical
polarization solution. Thus we can arrive at the following two
relations for E,;andE,.
E

I:cosz(wt—ﬁz)ax

xX N

E2
?;’:(—sin(out—ﬁz))zayzsinz(wt—ﬁz)ay

Thus we have an elliptical polarization defined by the following
eqguation.

2

E_,

+_
4

5 ‘Xml\)

Page 4 of 4



