HOMEWORK#10 SOLUTION

Problem 7.1 The magnetic field of a wave propagating through a certain
nonmagnetic material is given by

H = 230cos(10% — 0.53%) (maA/m)

Find the following:
(a) The direction of wave propagation.
(b) The phase velocity.
(c)}) The wawvelength in the material.
(d} The relative permittivity of the material.
(e) The electric field phasor.
Solution:

(a) Positive y—direction.
{(b) o = 10% rad/s, & = 0.5 rad/m.

8
EJPZ%ZL(-)S IBXIOSWS.

(c) A :2:1:;“'1:—2:1:*’05—12 Bm.

3 108
() & — (— — (32 10= 108) — 225

(e) From Eq. (7.39b),

E = —nk = H,
I 1200 1200
= . 2 = — = 251.33 (€2),

n e VB 15 («2).

k=%, and H = 230e /"% =102 (A/m).
Hence,

E = —251.33y = 230e 7% 2 107 % = —%7.54e /"%  [Wv/m),
and -
E{yr) = Re(Ee/) = —%7 .54 cos{10% — 0.53) (WVim).

Problem 7.2 Write general expressions for the electric and magnetic fields of a
1-GHz sinusoidal plane wave traveling in the 4 y-direction in a lossless nonmagnetic
medium with relative permittivity £, = 9. The electric field is polarized along the
xdirection, its peak value is 6 Vim, and its intensity is 4 V/m at r = 0 and y = 2 cm.

Solution: For =1 GHz, i, = 1, and g = 9,

w = 27 £ = 27 > 10" rad/s,
2 2 2 f 2m = 10°

k= j_ — EJE,_— e T\‘,-"E]— p— W'\a"’g = 20 l".'ld."r]']]_.

E(y.t) = x6cos(2m x 10% — 20y +¢n)  (Vim).
Atr=0and y=2cm, £ =4 V/m:
4 =6cos(—20m % 2 % 1072 4 ¢g) = 6cos( —0.4w + o).

Hence,
4
¢o — 0.4 = cos ™! (E) = 0.84 rad ,

which gives
d¢p=2.1rad = 120.19°

and
E(yt) =x6cos(2m < 10% — 20my+ 120.19°) (V/m).
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Problem 7.4 The electric field of a plane wave propagating in a nonmagnetic
material is given by
E = [¥3sin{m > 107r —0 2mx)
+ z4d cos{w = 107 — O0.2mx)] (/1)

Determine
(a) The wawvelength.

() =,

(c) HL.
Solution:

(a) Since k= 0.2,

P 2w 2 10
— Tk~ 02m m-
(b) .
o T 100 T
"P_T_W_5X10 mi's.
But
L = L.
P N Er
Hence,
3 2
= () =G5E) =
L, 5= 10
(c)
H = LR s B = Li > [¥3sin(mw > 107 — 0.27wx) + 24 cos( T = lO?r—O.Zth]]
n n
.3 7 4 7
= ﬁ sinimw = 10'r — 0.2mTx) — HCOS(E = 10"r — 0.2 x) (AT .
with 120
n=1 T 207 —62.83  (€2).
= G

Problem 7.6 The electric field of a plane wawve propagating in a lossless,
nonmagnetic, dielectric material with &, = 2.56 is given by

E = v20cos(6mr =< 10% — kz) (V/m)

Determine:
(a) £, wp. A, &k and 1.
(b) The magnetic field H.
Solution:
(a)
@ = 27 £ = 67 = 10 rad/s,
£f= 3% 10 Hz = 3 GHz,
c 3 > 10°

i, = —— = ————— = 1.875 x 10% m/s,
W Er +“ 2.56

u,  1.875x 10°

A=t 100X T 3 12em,
r 6 > 10 e
2 2
k=Zx =31zx102 — 2014 radm.
377 37T
n=19 _ = — 235.62 Q.

= v 2.56 1.6

(b)
H = —i% cos(6mr x 10% — k=)
20 a
xm cos(Bm > 107 r — 201 .4 =)
= —%8.49 x 10 % cos(6m x 109 — 201.42z) (A/m).
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Problem 7.8 An RHC-polarized wawve with a modulus of 2 (Vim) is traveling in
free space in the negative z-direction. Write the expression for the wave's electric
field vector, given that the wavelength is 6 cm.

Solution:
¥
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Figure P7.8: Locus of E versus time.

For an EHC wave traveling in —Z, let us try the following:
E = xacos(mf + kz) + vasin(ar + &=).

Modulus |E| = a2 +a® = av2 = 2 (V/m). Hence,

2

a=—=+'2.

W2
Mext., we need to check the sign of the ¥%-component relative to that of the
®x-component. We do this by examining the locus of E wersus ¢ at z = 0: Since
the wave is traveling along —%, when the thumb of the right hand is along —% (into
the page), the other four fingers point in the direction shown (clockwise as seen from
abowve). Hence, we should reverse the sign of the ¥-component:

E = %+ 2cos(wr + kz) — v/ 2sin(@r + kz)  (V/m)

with o -
.k - T == W - 1':"4.?.2 {rﬂdn';m:l..
and )
©=ke=2E 3% 10% = % 101 (rad/s).

A
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Problem 7.9 For a wave characterized by the electric field
E(zt) = &%aycos{wi — kz)+ Va,cos{@i — kz+ &)

identify the polarization state, determine the polarization angles (¥, ¥ ), and sketch
the locus of E(0, ) for each of the following cases:

(a) a,=3Vim, a,=4V/m,and 6 =0

(b) a,=3V/m, a,=4V/m, and § = 180°
{c) ay=23V/m, a,= 3 V/m, and § = 45°
(d) ar=3V/m, a,=4V/m, and § = —135°

Solution:
¥ ¥
I L
41 [ ]
31 l : 3l
2] : . 2}
l/ N\
= x | - X
_4.?-2-1 12 3 4 4 3.2 | 12?,4
I -2 21 |
|
/3l AN
T 4l 4L
(a) ()
¥ ¥
L
41
1
5 e >
Figure P7.9: Plots of the locus of E(0, ).
U = tan ! r;aw"la.r:':- [Eq. (7.60)],
tan 2y = (tan2yf ) cosd  [Eqg. (7.59a)].
sin2y = (sin2wg)sind  [Eqg. (7.59h)].
Case | a, | a, 8 um v Pe Polarization State
(a) 3| 4 0 53.13° 53.13° 0 Linear
(b) 3 4 1807 53.13" | —53.13° 0 Linear
(c) 3|3 45° 45" 45° 22.5° Left elliptical
(c) 3 4 [ —135°% || B3.13° —a56.2% | —21.37° Right elliptical

(a) Eiz, 1) = x3cos(®wf — kz) + V4 cos|wr — kz).

(b) E(z ) = %3 cos(@f — kz) — ¥dcos( @i — kz).

(c) E{z,t) = x3cos{av — kz) + y3cosiowr — kz+ 457).
(d) E(z ) = %3 cos(wf — kz) 4+ ¥4 cos| wrf — “"5;9.1332158}'7




Problem 7.12 The electric field of an elliptically polarized plane wave is given by

E(zt) = [—x10sin(wt — kz— 607)
+y30cos(wt—kz)] (V/m)
Determine the following:

(a) The polarization angles (. x ).

(b) The direction of rotation.

Solution:

(a)

E(zt) = [—x10sin(wt — kz— 607 ) +y30cos(wt — kz)]
= [x10cos(wt— kz+ 30°)+ y30cos(wr — kz)] (V/m).

Phasor form: _ .
E = (x10e° 4+ y30)e/*=.

Since 6 is defined as the phase of £, relative to that of £,
6 = —30°,
30
Wy = tan— ! (ﬁ) = T71.56°,

tan2y = (tan2yp)cosd = —0.65 or y=73.5°,
sin2y = (sin2ygp)sind = —0.40 or y = —8.73°.

(b) Since ¥ < 0, the wave is right-hand elliptically polarized.
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Problem # 5.0

Find rthe expression for the plance wave that propagates parallel to the xy-plane in the
indicted in Figure 12-3.  Assume that E has only o r-component.

Since this wawve propagates at an angle & with respect to the r-axis, we can expross
b = o

k= kjcos &a, + siné&,).
Ax m resalt,
k-r = kixcos &4 ¥ sin &).
Since E has only & £-component, we also can write
=, = E.a,.
= itutimg the exprossions into Eqguation  172.535), we obvain
E - E-i:.'—.-h—lty-hﬁ_
Tor fimdd B, wee first evaluate k > E -
kxE, — kfcos@ d, +~ sSn@&a, ) £ a
— Ak, (min S &, — cos@a, ).
Finally, using (e pud/k = n, we have, from Eguatbon (12.346),

- 5; (sim @ &, — cos@ @, )e Miomtsruinay,

Problem # 5.1

Find the polarization ellipse for a plane wave described by
E — dcos(ae — Gz)a, + 2 cos(wr + 30" — Sz)i,.
Solution:

For this wave, we have E, = 4.0, E, = 2.0, and A# = 30°. Using Equations (12.51) and
{12.52), we find that )

e
oA = [% 2 + 22 4+ [4% + 2% 4 2 4% » 2=cm{ﬁcp=]]'f=}] = 4.38

OB = [% f#* + 2% — [4* + 2% + 2 x 47 x 2% cos (607)] ""'.'Im = 0.914.
From Equation (12.50), the axial ratio s
04 438
OB 0914
Finally, using Equation (12.53), we see that the tilt angle is
a2 X4 x2

7= %tan it cm[aun)J = 24.55°.

AR =

= 4,79,

Problem # 5.2

A linearly polarized planc wave propagates through free space at an angle @ with respect to the
z = O planc, as shown in Figure 12-11.  If the peak amplitude of E is 10 [mV/m], calculate the
average power that passes through the 1 [m?)] surface shown in the figure.

Solution
Using Equation (12.107), we can represent the average Poynting vector as
1 |20 x< 107332 _

T ™ 5 T &, = 13264, [nW/m?],
z 4} &,
a
Direction of
propagaron
1 7] surface
~
Y
v
Figure 12-11 A planc wave propagating at
= an angle ¢ through a 1 [m?] surfacc.

a ints in the direction of propagation. )
wuere':‘;:sgvcrnge power that passes through the surface is

- - . - = 132.6 X a,-a . dz.
P.w—J;.Z.gdS ng."‘ds Lk“

From Figurs 12-11, we see that a,-a, — cosf. Since the total surface area is 1 [m?3],

finally obtain
i/
P,.= 1326cos 6 [nW]. . ( ;
Thus. the power that passcs through the surface is maximized when the direction of propagatic
is p-;allel to the surface normal. Page 6 of 7 \_'




Equations List:-

major axis _ OA

AR = —; — =
minor axis OB

1=<AR <o, (iz50)
1 1/2
0A = [E{IEXOIZ + |Eyl? + [|E|* + |E,o|* + 2|Ex0|2|Ey0|2cos(2A6)]"2}] . (12.51)

1 172
0B = [3{1Bul + |Bel? — [1El* + (Bl + 21 E,l?]Ey o] cosc280)) | I EE

_ 1. T 2|E, |5,
T=3 tan [!Exolz — lEyolz cos (Ae)]. (12.53)
TSRSt D 54 § O [ ’ (Linearly polarized plané
: Fave = 2 m A [W/m?] waves in lossless medium), (12.107)
E = E_¢g /&, ; (12.35)
H= 2 (kX E_)e*, : (12.36)
E, -k = E,_ - ki, = 0. ; : o (12.37)
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