EE351 - Spring 2006 - HW4 Solutions

February 15, 2006

Problem 1

In free space, a 3 GHz plane wave with the electric field vector given by:

Ei (y’ Z) — Emoe—jﬁl(ycosﬁi—zsiné'i)dx V/m

is obliquely incident on the y = 0 interface between air and polystyrene
(09 =0, €2, = 2.56, g, = 1) as shown below. If the time average power is
1.4 W/m? and the angle of incidence is 58°, determine the following:

(1) Amphtude of the electric field FE,,y, propagation vector magnitude (3,
|Pave‘: —14W/m 771_377
Eno = \/27;1 «x1.4=325V

w __ 2mrx3x10°
ﬂ]_ = Wy\/H1€1 = < —  3x10%8 207 I'ad/m
B _

(1 = B1cosb;a, — [Py sinb;a,; ay; = 7 = cos 0,0, — sin 6;a,

(ii) Inmdent magnetic field H (y, 2)

H, = akle (y,2) = (cos@ (i — SIN 030, ) X Qg 901y 008 0i =z sin 0:)
] 5’”0 [cos 6; az+sm9a Je” 3P1(y cos 0i —zsin 6;)
= —86.2[0.8484, + 0.534,] ¢7/207(0-53y-0.8482) ;y A /m

F'E

(iii) Reflected electric field
To find '}, we need §; — Use Snell’s Law (n; sin; = nssin 6;)
$inb8° = +/2.56s8in 0, = 0, = 32°
F ~ c0558° —1/2.56 cos 32° — —0438

7 c0858°+1/2.56 cos 32°
Er — I“J_Emoe]ﬂl(4coso9r+2 sinQT)dx

E, = —14.2¢/207(0:53y+08482)3 '\ /m




(iv)

Reflected magnetic field

&EX&H:&]W#CALH:&]WX&E

apr X ap = [—0.53a, — 0.848a,] x [—a,| = [0.53a, — 0.848a,]
H, = —37.8[0.8484, — 0.534,] ¢7207(0:53y~0:8482) yy A /i

Time average reflected power

1 * E2 _ 1422 _
Pi. = 3R[E: x Hi] = 5= = 5425 = 0.269 W/m?
Time average transmitted power
pt - E} _ |riEif?
ave — 2py T 2mp

— 2 cos 58° o _
= cos 58°4++/2.56 cos 32° 0.562 < (1 + FJ_ = TJ_)

pt = (05623257 _ 707 W /m?

ave 2x236



Problem 2

A 10 W/m?, 200 Mhz uniform plane wave propagating in a lossless medium
has an electric field vector given by:

.Ei (y,'z) = %e'—ﬂﬁ(wﬂ/)@z — E—fge‘ﬂﬁ(“y)&y V./m '

is obliquely incident upon a perfectly conducting surfacve located in the xz
plane as shown below. Determine the following:

(i) The propagation vector 3
Bi- T =27+ y/T = Brav + Bryy + Piz2
B =V Py = VT 1 =0
By = \/may + \/may; f1 = V27 rad/m

(ii) The direction of propagation
_ B 14 13
= 5 = gt
(iii) The angle of incidence 6;

4 — - b, .a = LA 15 .50 =L
Uy, = Qy; cOSO; = Qg Un = 50 + 50y - Ay = 75

0; = 45°

(iv) The dielectric constant of the lossless medium

Br = wy/H1€1 = w\/o€or/€r

_ _bH _ V2rx3x108
Ve = e~ 2xi0Px2r
_ 9x2r __ 9 __ . <.
= an? 8 0.36 (Note: Not realistic number)

(v) Amplitude of the electric ﬁeld En,

P LT — 10 W/m?
ave 2m 2m 2771 T 2m
\/2771 *x 10;1m, = ’7(; = 3T = 628.3
E =1121V

(vi) The reflected electric field
I'j = —1, medium 2 is metal.
E, = E_\/r%e—yﬁ(ﬁy)&m; E

IET:

_E_me_]ﬁ(x_y)d
E Vr(x=y) \/}( )
_ _Em —)/7(x-y)a - xX— y
E, = —Z2e” ax — \/_ a, V/m
(vii) Polarization of the incident and reflected waves

Both the incident and reflected waves are linearly polarized. There
is 0 phase difference between the a, and @, components.



Problem 3

Determine the refractive index and minimum thickness of a film to be de-
posited on the glass surface (n3 = 1.52) such that no normally incident visible
light from free space (A = 550nm) is reflected. What will be the reflection
coefficient if magnesium flouride (n = 1.38) was used instead of the film.

Refractlve index ny & minimum thickness d
_ c __ HOE
n ‘_ Up v/ HOEO \/7
Air — € = €p;m1 =103 13 = \727
T2 = /T3
n = 1;n3 = /€3 = €3= n§ = 2.31

== g = =280 =y

= /337 x 248 = 305.8Q2 = *

_— Mo _— 377 _
ny =0 =30 =123 =n,

d= ﬁ visible light has A = 550 nm in free space

Ay = ’\1 = 20y — ® = 0.448m

d= w =0.112um

Using magnesium flouride (n = 1.38 # 1.23), assume d = %, follow the

procedure discussed in class (Find Z5 (—d)).

n3+gn2 tan (Bad)
Zy ( d) = 125, s tan (B2d)

d—>‘2 By = Mtan(@)—tanﬂ:oo

= Z2 (—d) = 772 But T3 = 770 = 248(); M2 = 739 = =273
Zy(—=d) = SOlQ = Ny [for medla 2 & 3]
Doy = Zetizi — S5 — (0,112 = Loy

NeH +M1 3014377



Problem 4 - 8.15

The magnetic field intensity in a medium is given by:

H = 0.1e7 7485 cos (21 x 10% — 203.8y)d, A/m

If the medium is characterized by the free space permeability, determine the
dielectric constant and the conductivity of the medium. Obtain the associ-
ated component of the E field. Compute the average power density.

Find o & ¢,:
Comparing with the general equation for H, get can extract the following
terms:
o = T7.485; 8 = 203.8;w = 27 x 10° rad/s
We know, 72 = (a + 70)% = jwp (0 + jwe) = o + 2+ 1203 = jwpo — w?pe
This yields two relationships, 2a3 = wuo and w?pe = 5% — o?

. _ 2af _ 2+77.485%203.8
Solve for o: 0 = T = —27r><109*47r><10 r=0=4S/m
_ B%—a? _ (203.8)2—(77.485) . .
€r = GTheo T (2rx109)%kdrx10- 748851012 80.8 =€

B Find £ & P,
E = nH;nis complex
n=

= |n] e?n

In| = ——~—=;tan 20, =

H(E> 4 B 1 1
_ 1 — _ o
tan 20, = TSRS I — § — 0.88 =0, = 5 tan™"0.88 = 20.8
4rx10—7 -
_ \/s0os«885x10-12 377 .
|77‘ 1.046 T 1.046v80.8 36.24

ak = ay, aH = CLI

aEXaH—ak,aExdx:dyéAE:dz

E =nHap = 3.62e7 785 cos (21 x 10% — 203.8y + 6,)a, V/m
Pue = L [E x H| = 1 %3.62 % 0.1e27745% 05 20.8°

Pove = 0.169¢ 15497V W /m?



Problem 5 - 8.17

A uniform plane wave is propagating in a good conductor. If the magnetic
field intensity is given by:

H = 0.1e %% cos (2m x 108 — 152)a, A/m

determine the conductivity and the corresponding component of the E field.
Calculate the average power loss in a block of unit area and ¢ thickness.

Find o & ¢ B
Comparing with the general equation for H, get can extract the following
terms:

a=15;3= 15w =27 x 108 rad/s; a = B = /7ufo

o B 057S/m =0
§=1=1=006Tm =5

Find E & Power loss for a unit area

Assume € = ¢

e = 27rx108*053'?875X10*12 = groess = 1025

0, = 3 tan "' (1.025) = 22.85°

In| = % = 31582 (For more detail, see the solution for Problem 4 - 8.15)
E(z,t) = —31.5e 152 cos (27 x 108 — 152 +6,)a, V/m

Pue =5 [E x H*] = 5 % 0.1 % 31.5¢730% c0s 22.85° = 1.45¢ %2 W /m?

At 2 =0, Pye (0) = 1.45; At 2 = 0, Paye (6) = 1.45¢~2 = 1.45 % 0.135
Power Loss = Py (0) — Poye (6) = 1.45 [1 — 0.135] * 1m?

Power Loss = 1.254W




Problem 6 - 8.22

Find the polarization of the following waves:

a) E=100e "%, +100e "*a, V/m
E = Eya, + E.a. (Notice E, and E, are in phase)
% = m% = 1 = Linear Polarization

)
)
E (x,t) = [100 cos (wt — 300z)] (a, + a.)

E =16e7Te7919%q, — 9e 7ie 71025, V/m

E (z,t) = 16 cos (wt — 100z + T)a, — 9 cos (wt — 100z — T )a,
E, =16cos (wt — 100z + %)&x

E, = —9cos (wt — 100z — T)a,

— Amplitudes of E, and E, are difference (E,,; # Epy)

— Phase difference = 7 = Elliptical Polarization

c) £ =3cos(t —0.5y)a, — 4sin (t — 0.5y)a, V/m
E, =3cos(t —0.5y)a,
E. = —4sin (t — 0.5y)a,
— Amplitudes of E, and E, are difference (Fy. # Enms)

— Phase difference = 7 = Elliptical Polarization



