EE 434 Electricity and Magnetism, Spring 2009
Homework #6 Solution

6.1 The ﬁrst thing I want to do is to verify that this is really a transverse wave. It must tbe
true that H is perpendicular, 6
(4,3.1,547) - (—2.28,3.04) = —9.12 + 9.424 = 0.304

This is close enough.
(a) The wavelength is
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and 8 = /B2 + B2 + 2 = v2.28% + 3.042 = 3.80, so
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The unit vector in the direction of propagation is simply

B (~2.28,3.04,0)
g 3.8
(b) The relationship between the electric and magnetic field is
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Now inserting numbers we get (with n = 377,

E=377(—(5+7)-08,(5+7)-(=0.6),4-0.8 —3.1-(=0.6))
=377 (=4 — 0.85, —3 — 0.6, 5.06)
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(a) The electric field vector must be perpendicular to the direction of propagation. Thus,

(Ex’ Ey>EZ) ' (ﬁxﬁﬁyw@z) =0

so we need to determine (3, to satisfy that

Emﬂx + Eyﬂy + Ezﬂz =0

- Eyﬂy + Ezﬂz
E,
05-18+5-(-21)
2

ﬁx:

=4.8

The direction of propagation is thus

-

F=(48,1.8,—2.1)
or as a unit vector
G818 21
V482 +1.82 +2.12
(b) The wavelength is related to 3 by

— (0.866, 0.325, —0.379)

27 2
B V4.82+1.82+2.12
(c) The vector magnetic field intensity, H , is related to the electric field by
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Inserting values we get

- 1
H =37 (0.325-5+0.379- 0.5, —0.379 - 2 — 0.866 - 5,0.866 - 0.5 — 0.325 - 2)

——— (1.815, —5.080, —0.21
5= (1815, —5.080, ~0.217)

6.9 The spatial variation of the incident electric field is
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Ei = 25(0.866 & — 0.52) exp(—5j  — 8.66j 2)
(a) The frequency is found from

1
v:)\V:E

RN

B8 V5 ¥ 8.66°
VEE VA x 7 x 1077 x 4 x 8.854 x 1012

The real-time form of the incident field is

= 1.4990 x 10?s7*

w

E = Eécos(wt —3- T)

Inserting everything we know we get

E' =25 (0.866 & — 0.5 2) cos (1.4990 x 10° x t — 5z — 8.662)

(b) The procedure is as follows: (1) determine the incidence angle, transmission angle, and
wave impedance in the two media, (2) compute the amplitude of the incident field, the
transmission coefficient, and from those the amplitude of the transmitted field, (3) compute
the vector electric field from the transmission angle and the ampliutde.

(1) The amplitude of the incident electric field is

E! =25 x (0.866 + 0.5%) = 25

(2) The incidence angle is

0; = sin~! Pa =gin~! O 30°

10

(3) The impedances are

f1 47 x 1077
S L g — 188.370Q
m o \/4 <8854 x 1012 18837

12 41 x 1077
R Vi \/10 X 8.854 x 10-12 9.13

(4) The transmission angle is

1
0, =sin~! | Lsind; | =sin" [/ — sin 30° | = 18.435°
o 10

(5) The transmission coefficient is

219 cos b; B 2-119.13 - cos 30°
11 cos 8; + 19 cos 0, ~188.37 - cos 30° 4+ 119.13 - cos 18.435°

(6) The amplitude of the transmitted electric field is

= 0.74720

T =



E' = E'7 =25-0.74720 = 18.680

(7) The components of the transmitted electric field are
E' = E'sin6, = 18.68 sin 18.43° = 5.905 &
E! = —FE'cosf, = —18.68 cos 18.43° = —17.72 %

(8) The incident wave number is

B' = /52 +8.662 = 10

(9) The transmitted wave number is found from

m_ B

nz_/@t
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pt="2p = |25 = ZO 10 =15.81m™"
nq €1

(10) The components of the wave number is

B =3"sinf, = 15.81 x sin 18.435° = 5.00
Bt =3"cos B, = 15.81 x cos 18.435° = 15.00

(11) The frequency of the wave is

c c 3 x 108
— 3= = 10 = 1.50 x 10°s7*
\/Eﬁ \/676 Vi

(12) Finally we can write the real-time form of the transmitted electric field,

w=vB=—p=

E'(x,y,2,t) = (Eémi + Eéz,%) cos(wt — Bla — B2)
= (5.905% — 17.722) cos(1.5 x 10°t — 52 — 15 2)
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(a)

0p = tan~* 2 _ tan~' V6 = 67.79°
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(b) I am assuming that the positive direction for the electic field is upward, which is in the
negative z-direction. In that case,

E(z,y,z,t) = (Eéxi + Ef,zé) cos(wt — Lo — 3 2)

we have

2 2
=== = 1000 x 10"s™"
N 0.6283 x 106 XS

And

B = B'sinf; = 1.000 x 107 x sin 67.79° = 9.258 x 10°s~*
Bl = B cosf; = 1.000 x 1077 x cos 67.79° = 3.780 x 10°s~*
B!, = —E!sinf;, = —5 x sin 67.79° = —4.629 V/m
E! = E!cosf; =5 x cos 67.79° = 1.890 V/m

w = cf; = 3.000 x 10® x 1.000 x 107 = 3.000 x 10 s7*

Inserting those values we get

E(x,y, z,t) = (1.890 2 — 4.629 %) cos(3 x 10" ¢ — 9.258 x 10° 2 — 3.780 x 10° 2)

(c) The transmitted field has the same amplitude as the incident field, EY = E!. The
transmission angle is found from Snell’s law

ny sin 0; = ny sin 6,

Because p1 = pig, n = /€, so we get

1
g, = sin~! (1 [ in 9i> = sin™! (— sin 67.79") — 99.207°
€9 \/6

The transmitted electric field is

E'=E' &+ FE' 2=FE!sin 6,# — El cos 6, 2 = 5 X sin 22.207° % — 5 X cos 22.207° 2
=1.890 & — 4.629 2

(d) The critical angle is the incidence angle for which the exit angle is 90°. Thus, from Snell’s
law,

nysin 6; = ne sin 6,



gives

0y =sin~! (E sin 900)
T2

1 1
—gin~! (—) =gin~! (—) = 24.095°
V€2 \/6



