ELG3106 Electromagnetic Engineering
Assignment # 1

Text, Problem 1.14

Text, Problem 1.21, (a), (c), (e)
Text, Problem 1.26

Text, Problem 1.27, (a), (c), (e)
Text, Problem 6.26

Text, Problem 6.29

Text, Problem 7.2

Text, Problem 7.8



Problem 1.14 A certain electromagnetic wave traveling in seawater was observed
to have an amplitude of 98.02 (V/m) at a depth of 10 m, and an amplitude of 81.87
(V/m) at a depth of 100 m. What is the attenuation constant of seawater?

Solution: The amplitude has the form 4e%. Atz =10 m,
Ae™19% =08.02
and at z = 100 m,
Ae™1%e — g1 87
The ratio gives
e 0% 98.02 120
e~100a — 8187

or
e—]Oa = 1'26—1000:.

Taking the natural log of both sides gives

Il 109 (] 210008,
—10a = In(1.2) — 100e,
90 = In(1.2) = 0.18.

Hence,

0.18 =
a—W—2x]0 (Np/m).




Problem 1.21  Complex numbers z; and z; are given by

zj = 5/259°
zy =445,

{a) Determine the product z;z; in polar form.
{b) Determine the product z,z3 in polar form.
(¢) Determine the ratio z; /z; in polar form.
(d) Determine the ratio z} /z; in polar form.
{e) Determine /z; in polar form.

Solution:
(@) 2123 = 56780 x 4¢/45° = 2015
(h) ziz5 = 50=60° ¢ 40=45° = 9()e=J105°

21 56_j60°
(<) =

z o
= 1.25¢=7105",
2 el

: =(z—‘> = 1.25¢/105°,
2 2




Problem 1.26  Find the phasors of the following time functions:
(ay v(t) =9cos(wt —m/3) (V)
{(by v(r) = 12sin(wt +/4) (V)
(¢} i(x,t) = Se~*sin(wt +1/6) (A)
(d) i(t) = —2cos(wt +37/4) (A)
() i(t) =4sin(owt +m/3) + 3cos(wt — 1 /6) (A)

Solution:

(a) V=9eim13y,

(b) v(t) = 12sin(wt + n/4) = 12cos(n/2 — (wt + 7 /4)) = 12cos(wt —/4) V,
V=124V,

(©
i(t) = Se™*sin (@t + m/6) A = 5”3 cos[n/2 — (wt +1/6)] A
=Se ¥ cos(wt —1/3) A,
T=5e"%e /3 A,
(d)
i(t) = —2cos(wt +3m/4),
T=—2eP3%/4 = 26 I o/3%/4 = 2p=Jn/4 A,
(©

i(t) = 4sin(wt + 7 /3) + 3 cos(wt — m/6)
=4cos[r/2 — (wt+ m/3)] + 3 cos(wt — /6)
=4cos(—wt+m/6)+3cos(wt — m/6)
=4cos(wt —m/6) +3cos(wt — m/6) = Tcos(wt — 1 /6),
T=7e7 /%6 A,




Problem 1.27 Find the instantaneous time sinusoidal functions corresponding to
the following phasors:

(@) V==5e//3 (V)

(b) V = jée~/™/* (V)

(©) I=(6+8) (A)

) I=-3+,2 (A)

@ I=j (A)

() T=2e/m/6 (A)

Solution:
(a)
V=-—5e"3V=5e/"3" y = 5672513y,
v(t) = 5cos(wt —2m/3) V.
{b)
V = j6e ™4V = 6e/(H/4+7/D) y = 6o/7/4 v,
v(t) =6¢cos(wt+m/4) V.
(¢)
T=(6+/8) A =10/ A,
i(r) = 10cos (wr +53.1°) A.
(d)
I'=-3+j2=361¢/"63"
i(t) = Re{3.61/14631°/0") — 3 61 cos(wr + 146.31°) A.
(e)
7: j= ejn/2,
i(t) = Re{e/™?e/®'} = cos(wt + /2) = —sinwr A.
M

T=2e/7/6,
i(t) = Re{2e/™/0e/®} = 2cos(wt + 1/6) A.




Problem 6.26 The electric field radiated by a short dipole antenna is given in
spherical coordinates by

E(R,6;t) =

~ 2% 1072
0 X

sin@ cos(6m x 108 —27R)  (V/m).
Find H(R, 6;1).
Solution: Converting to phasor form, the electric field is given by

- R " -2
B0y =B =220

sinBe /2R (V/m),

which can be used with Eq. (6.87) to find the magnetic field:

~ 1 w dEg .1 0
VXE = R —
—jou % —jou | Rsin® d¢ +¢R dR
1 »2%10°2 ) ;
s : Y (,—j2nR
_jw“cp R sin@ 3R (e )
2 2x 1072 :
. —Jj2nR
6mrx 108 x4mrx10-7 R abge

=¢
=0 —51?3 sin@ e /2™ (uA/m).

H(R,0) = (REg)

Converting back to instantaneous value, this is

H(R,0;1) =¢ % sin@ cos (67 x 108 —2wR)  (uA/m).




Problem 6.29 The magnetic field in a given dielectric medium is given by
H = y6cos2zsin(2 x 10’7 —0.1x) (A/m),

where x and z are in meters. Determine:
(a) E,
{b} the displacement current density Jq, and
(¢} the charge density py.

Solution:
()

H = §6cos2zsin(2 x 10’ —0.1x) = §6cos2zcos(2 x 10"t — 0.1x — 7/2),

ﬁ = 3’6C0$22 e—jO.lxe—jn'/z - —5’_]'600522,' e—jO.lx,

A A A

& ¥y v
=—|d/ox d/dy d/0z
0 —j6cos2ze /01 0

1 d : ) :
= — € | - (— - —JjO.1x A . - —jO.1x
R {x [ az( j6cos2z e )] +12 [—ax( Jj6cos2ze )]}

12 ' 0.6 .
=X (——— sin2z e'10'1x> +2 (1— cos2z e‘f‘)""> .
e WE
From the given expression for H,

w=2x10" (rad/s),
B=0.1 (rad/m).

Hence, ®
up =g = 2x 108 (m/s),

2 8\ 2
c 3% 10
=|—) =| — | =2.25.
= (up) <2x108> >

Using the values for @ and &, we have

and

E = (—%30sin2z+%j1.5¢c0s2z) x 10%°e~/%1*  (v/m),
E = [—%30sin2zcos(2 x 107 —0.1x) —21.5cos2zsin(2 x 1074 —0.1x)]  (kV/m).



(b)

D = ¢E = £,5E = (—=0.6sin2z+2j0.03 cos2z) x 1070 ~/01*  (C/m?),
oD

Jd == W )

or

Jg = joD = (—% j12sin2z — 20.6cos 2z)e /¥
Ja= me[jdef“”]
= [%12sin2zsin(2 x 101 — 0.1x) — 20.6 cos2zcos(2 x 107 —0.1x)]  (A/m?).

{¢) We can find py from

V.-D=p,
or from 3
[oX
ViI=- B
! ot

Applying Maxwell’s equation,

pV:V.ngv.Ezereo<% %)

% o
yields

Py = &8 {% [~30sin2zcos(2 x 107t - 0.1x)]

+ % [~1.5c0s2zsin(2 x 107 = 0.1x)] }

= &€ [—3sin2zsin(2 x 107 — 0.1x) +3sin2zsin(2 x 1077 — 0.1x)] = 0.



Problem 7.2  Write general expressions for the electric and magnetic fields of a
1-GHz sinusoidal plane wave traveling in the +y-direction in a lossless nonmagnetic
medium with relative permittivity & = 9. The electric field is polarized along the
x-direction, its peak value is 6 V/m, and its intensity is4 V/matf =0and y =2 cm.

Solution: For f =1GHz, y; =1,and & =9,

©=21f=2mx 10° rad/s,

27r 2z 2r 27 x 10°
k= Pt f‘/__ x 108

E(y,f) = xécos(27t x 10°1 — 207y + ¢0) (V/m).

V9 = 207 rad/m,

Att=0andy=2cm, E =4 V/m:

4 = 6c0s(—20m x 2 x 1072 4 ¢h) = 6cos(—0.47 + ).

Hence,
¢ — 0.4 = cos™! (%) =0.84 rad,
which gives
¢o =2.1rad =120.19°
and

E(y,t) = % 6cos(2m x 101 — 20my+120.19°)  (V/m).

9
b o (@WxID - 20

+120.19°)  (Alan)



Problem 7.8 A 60-MHz plane wave traveling in the —x-direction in dry soil
with relative permittivity & = 4 has an electric field polarized along the z-direction.
Assuming dry soil to be approximately lossless, and given that the magnetic field has
a peak value of 10 (mA/m) and that its value was measured to be 7 (mA/m) atf =0
and x = —0.75 m, develop complete expressions for the wave’s electric and magnetic
fields.

Solution: For f =60 MHz =6 x 10’ Hz, & =4, u; = 1,

2 x 6 % 107

s VA=081 (rad/m).

®
k = — \/8_1. —]

%
Given that E points along Z and wave travel is along —X, we can write
E(x,t) = 2Eycos(2m x 60 x 10% +0.8mx+ ¢)  (V/m)

where Ey and ¢ are unknown constants at this time. The intrinsic impedance of the
medium is

M 120m
Y =60 (Q).
With E along 2 and k along —%, (7.39) gives
H=LixE
n
or E
H(x,t) =y ?0 cos(1.27r x 108 +0.87x+¢g) (A/m).
Hence,
E
=10 (mA/m)
n
Ey=10x60mrx 1073 =0.6r (V/m).
Also,

H(—=0.75m,0) =7 x 1072 = 10cos(—0.87 x 0.75+ ¢) x 1073

which leads to ¢ = 153.6°.
Hence,

E(x,t) = 20.6mcos(1.27 x 108 +0.87mx+ 153.6°)  (V/m).
H(x,#) = §10cos(1.27 x 10 +0.87x+153.6°) (mA/m).




