
PS.9. E = 37.7 cos (9;rrx 1O7t+ O.3ny) ax VIm

(a) 0} = 9;rrx 107

j= 2o:r= 4.5 x 107Hz = 45 MHz

(b) .8 = 0.3;rr

1 - 2;rr 2 2
/1.-73= 0.3 =63"m

(c) Direction of propagation is the -y direction in view of the argument

(9;rrx 101t+ 0.3ny) for the cosine function.

(d) Amplitude ofH = 37.7 = 0.1110

At Y = 0, t = 0, direction of E is along ax. For E X H to be along -ay. direction of H
at x = 0, t = 0 must be along az. Thus
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H = 0.1 cos (9;rrx 107t+ 0.3ny) az AIm



P5.10. j= 100 MHz, 0)= 21l:x 108

f3= ~ = 21t'X108 21t'
vP 3X108 3

Let the electric field be

E=El cos (21t'X1O8t-2: Z+tjJ) ax

+ El sin (21t'X1O8t- 2: Z+tjJ) ay

Note that for tjJ=0 and z =0, E =Elax for O)t=0, Elay for OJt= ~,and hence E is right

circularly polarized. Now from (c),

El cos tjJ=Eo, El sin tjJ=0.75Eo
I!
I;

:. El = ~E8 +(O.75EQ)2 =1.25Eo

cos tjJ=0.8, sin tjJ= 0.6

r

II

I

tjJ=36.87° or 0.20481t

Thus

E = 1.25Eo cos (21t' X 108 t - 2: z + 0.20481t') ax

+ 1.25EO sin (21t'X 108t - 2: z + 0.20481t') ay

= 1.25EO [cos (21t' x 1O8t - 2: Z + 0.20481t')ax

+ sin (21t'X108t- 2: Z+0.20481t') ay]

H - 1.25EQ
[

.
(

8 21t' 0 )- 1201t' -sm 21t'xlO t-3Z+ .20481t'ax

+ cos (21t'X'1O8t- 2: z+0.20481t' ) ay]

= 9~ [-Sin (21t' x 108 t - 2: z + 0.20481t')ax

+ cos (21t'x 108 t - 2: z + 0.20481t') ay ]



P5.13. (a) Eo cos (mt- {3y)az + Eo sin (mt- f3y)ax

For y =0, mt =0, the field is Eoaz.

For y =0, mt = ~ ' the field is Eoax.

Direction of propagation is +y.

:. Polarization is right circular.

(b) Eo cas (mt + {3x)ay + EO sin (mt + {3x)az

For x =0, mt =0, the field is Eoay.

For x =0, mt = ~, the field is Eoaz.

Direction of propagation is -x.

:. Polarization is left circular.

(c) EOcos (mt + {3y)ax - 2Eo sin (mt + {3y) az

For y =0, 0Jt = 0, the field is Eoax.

For y = 0, 0Jt= ~, the field is -2Eoaz'

Direction of propagation is -yo

:. Polarization is left elliptical.

(d) Eo cas (0Jt - {3x) az - Eo sin (mt - {3x+ 1rI4)8y

For x =0, mt =0, the field is Eo( az - ~ay )

For x = 0, mt = ~, the field is - ~Eoay.

The direction of propagation is +x.

:. Polarization is right elliptical.
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P5.21. (a) e-28.65a=e-I, a =28~65=0.0349

{3
27r

111.2 = 27r, P= 111.2 =0.0565

r=0.0349 + jO.0565

(b) 1171=59.4

/ r=tan-I 0.0565 - 58 30~ 0.0349- .

Since 'Y'1 =jCOj.l, flO (a) P 2-1'3

/Ji =90° - Ii =31.7°

:. Ti =59.4L.ll..L.

[
1'

] [
0.0349+ jO.0565

](c) G =Re 17 =Re 59.4/31.7°

0.0664~ =Re (0.001118L2M:)=Re 59.4/31.7°

=0.001118 cos 26.6°

=0.001 = 10-3 Slm

e = 1-Im! = 151m (0.001118/26.6°)co 7J 27rX5x 10

- 1 (- 1O67r0.001118 sin 26.6°) = 5x 10-41O67r

- 10-9 10-9
- 27r =18X 367r =1880

'Y'1 I m I 0.0664x 59.4
f.L = jco = co = 27r X 5 X 105

=1.26 x 10--6=47rx 10-7 =f.LO
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PS.29. a = 4 Slm, 8 =80£0, f.l = /10

a 4x36n- =~« 1
(a) j = 10GHz,OJS= 2n-x 1010x 80x 10 9 100

The medium behaves like an imperfect dielectric.

- a ~ =~) f.lo = 2 X 120n- =84.3 Np/mex- 2 Ve 2 8080 .J8O

~ - ..!.- -1- =0 0119 m =11.9mm
u - ex- 84.3 .

f3 .. ro.JJii=2n- x 1010 x .J8O8 =1873 radlm3xlO

2n- 3
A =If =3.355 x 1£r m =3.355 mm

10
ro- 2n-x 10 =0.3355 x 108mls

vp =f3- 1873

17"j¥ =~ =42.15 Q

(b) j= 100kHz,.!! = 4x36n- = 9 x 103» 1
OJS 2n-x 105x 80x 10-9

The medium behaves like a good conductor.

ex .. ..J11ff.l0'=.In- X 105 x 4n- x 10-7 x 4 =DAn- or1

1 10=-=- 04 =0.796mex . n-

f3 .. ..J11ff.l0'=OAn- radlm

1 - 2n-
/1 5

f3 - m

ro 2n-x 105
vp = f3 = OAn- =5 X 105 mls

11" ~~(1+ j) = ~n-XIO5 x44n-XlO-7 (1+ j)

1

=O.l1t(l +J}Q



P5.32. (a) E =Eo cos (0Jt- f3z)ax+ 1£0 cos (O)t- f3z)ay

H = Eo [-2 cos (0Jt - f3z) ax + cos (0Jt - f3z) ay]
170

P =Ex H= (ExHy-EyHx)az

5E2
= --1L cos2 (0Jt- f3z)az

170

<P> =2.5E6
170 az

(b) E =Eo cos (0Jt- f3z)ax-Eo sin (0Jt- f3z) ay

H = Eo [sin (0Jt- f3z)ax + cos (0Jt- f3z)ay]170

E2
P =--.Q. [cos2 (0Jt- f3z)+ sin2 (0Jt- f3z)]az

170

E2- 0 a-- z
170

. 2
<P> - EO--a

170 z

(c) E =Eo cos (0Jt- f3z)ax + 2Eo sin (O)t- /3z)3y

H= Eo [-2Eosin (OJt-f3z)ax+Eocos (OJt-f3z) ay]170

E2
P =--.Q. [cos2 (0Jt- f3z)+ 4 sin2 (0Jt- f3z)]az

170

E2 .

= --.Q. [I + 3 sin2 (0Jt- f3z)]az
170

<P>= :(I+~) az

2
2.5Eo--a

- 170 z



P5.35. For H =Hoe-z cos (2n x 1O6t- 2z) ax.

r=ex+ j{3=1+ j2

Ti =jo:?=j2nx1O6 x4nxlO-7r 1+ j2

=O.8n2f!!!..
.J5j63.43° =3.531/26.57°

:. H =3.531Hoe-zcos (2nx 1O6t- 2z + O.1476n) ay

P=ExH

= 1.7655H6e-2z [cos O.1476n + cos (4n x 1O6t- 4z - O.1476n)] az

(a) <.Pz>=1.7655H6e-2z cos O.1476n

= 1.5791H6e-2z W/m2

Cb) Time-average power dissipated in the given volume

= 1.5791H6 (1-e-2)

2= 1.3654Ho W



PS.36. For G =10"-4Slm, E=5eo. f.l =f.lO,f =1.5 x 105Hz,

r =(6.283 + j9.425) x lQ-3

17 = 1O4.559m..§2:

:. r = ~-170 = 104.559/33.69° - 377
17+ 170 104.559/33.69°+ 377

- -290.002+ j57.999 - 295.745/168.69°
- 463.998+ j57.999 - 467.609/7.125"

=0.6325[161.56,5'°

'r =1+ r =1+ 0.6325/161.565°

=0.4 + jO.2

=0.4472~65°

Er =0.6325EO cos (3n x 1O5t+ 1Q-3n:z+ 0.8976n') ax VIm

~i

I~I~
I

Et =O.4472Eoe-6.283XlO-3z

. cos (3n x 105t- 9.425x lQ-3n:z+ 0.1476n)axVIm



P6.21.

(a)
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(c)

(d)
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P6.22. From the sketches of [VJ=0and [VJ t ' we can obtainz z=

v= 100V

V + V" =75 V

v+V"+r=90V

.. V"=75 -100=-25 V

r=90-75= 15V

y- 1 y-+
rR=v+=-Lj:--rs= y- =~.6

RL- Zo- 1
RL+Zo--4

R-Zo
R; +Zo = -0.6

1.6 Rg = 0.4 Zo5RL= 3Zo

300
RL= 5=600

100 =250Rg= 4

v =Vi Zo 100
0 Rg + Zo - 125 Vo=100 V

VO=125 V

11

Also, T =2 JlS

Thus

Vo=125V

Rg =25 0

RL =600

T=2JlS



P6.25.
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