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Problem 1:

The electric field of a uniform plane wave of an electromagnetic field incident vertically on the
ocean is given by:

E (z.t) = a, E,e " cos( 67 x10°t — fz) Vim
where E, is the electric field amplitude at z = 0. The frequency f = 3 kHz and the ocean water
has the following parameters: o =4 S-m™, £ =81, , - po. Determine the following: [Hint:

first calculate -2 ]
&

(a) Direction of propagation of electromagnetic field: a, 3)
(b) Polarization of the electromagnetic field: éx .3
(c) Direction of the magnetic field: a, (3)
(d) The propagation constant 3 = 4)
o 4 4x10°
R = >>1

we  27x3x10° x81x8.85x10 2 1.35
p=a~= | rfuc = Vax3x10° x47x107 x4 = 47 x1072+/3 =0.218m ™

(e) The wavelength A = %T =289m . (3)

e phase velocity v = Af = 28.9x3x10°= 8,66x10* m/s
(f) The ph loci Af = 28.9x3x10%= 8,66x10* m/ (3)

(g) The attenuation constant o. = _0.218 m™ (3)

(h) The skin depth 6 = _1/a. =4.587 m 3)




Problem 2:

The phasor expressions for the electric and magnetic fields of an electromagnetic wave in a fluid
are given by:

E(x) = ay 2.84e70%*e IS |ky//m

|:| (X) — az 36.9e—0.25xe—j1.571xejzz/4 kA/m

(a) What is the real time form of the electric field? (4)

E(x) = a, 2.84e %% cos( wt —1.57 )

(b) What is the real time form of the magnetic field? (4)

H (x) = a. 36.9e °%* cos( wt — 1.57 x + 7 / 4)
(c) What is the time average Poynting vector? (6)

Pae = % Re(E xH) =a,52.4xp °* cos(z/4)

(d) What is intrinsic impedance of the medium n? (4)

E 2.84 _jxl4
=—=—7.——=0.077
T=H " 369xe" €

(e) What is the propagation vector y ? (4)

y=a+jB=025+j157

(F) If the wave is incident on a perfect conducting surface at x = b, What is the average
power at 5 meters to the right of the interface (x = b + 5)? (3)

Since there is a perfect conductor to the right of x = b, the electric field is zero (E =0)
Therefore Pae =0.0



Problem 3

A plane wave in free space has:

Ei =100e " a, v/m

is normally incident on a lossless medium in region x >0. The
reflection coefficient I'=-0.5 at the interface x=0. Determine
the following:

a) Frequency of incident wave? (3) B=4n m*; A=2n/p=12m

Free space , v = ¢ = 3x10® m/s
f = /A = 6x10° Hz

b) Total electric field E in medium 1? (3)
Ew = E,+ E, =100 (¢ *™ + Te’*™)a, =100 (e '** - 0.5¢**)a,

c) Total magnetic field H in medium 1? (3)

100 g-iam _pgitmyg, = 100 oojam | g geiamy g,

|:| tot = H_i+ H_r =
n 377

d) Reflection coefficient I'(—A/4) at x =—A/4? (4)

27 A

[(-\/4)=T(0)e??=-05¢ '~ % ¢ =-05eT" =05

e) Total electric field éz inmedium2,? (3) t=1+I'=1-0.5=0.5

N

E, = £ =0.5x100e ** a, =50e 1" a,

f) Intrinsic impedance n2 in medium 2 (3)

r:i:O.S , 1, :ﬂ:407z
M, +m 3

g) The time average power (Poynting vector) in medium (2)? (6)

El? A 2 .
:EU ay :&ax W/m2
21, 80

ave



Problem 4:

A plane wave in air has:

I-I-(y Z)=£3x86 9@~ 1207(0.53y-0.848 z)ij/m L .
| ! '

is incident on a glass slab in region y>0. Determine the

following:

(a) Wave vector 3 and direction of propagation ax of the incident plane wave ? (4)

From equation sheet: - A
H i(ylz):(ax H .

Ioe— jp (ycos 6 — zsin 6)]
Comparing with above equation: =207 , ék = 0.53§y—0.848§z

(b) Angle of incidence? (3)
Co0s6,=0.53 , 6,=58°

(c) Incident electric field Ei (y,z)? Sketch on the above plot? (5) Using equation sheet
n=377Q

Ei=7786.2(0.848a,+0.53a, )e 12070530848 m\s / g

(d) Incident power (time average Poynting vector)? (3)

P, = %77|H I’ = %(0.0862)2 = 1.4 W/m?

(e) Brewster angle? (3)
Electric field is parallel to the plane of incidence (H is normal to it). Therefore

tan(0) = |22 =256 =16 ; 05 = 56"
&1

(f) Reflected Electric Field E, (y.2)? (3)

Angle of incidence is equal to Brewster angle. Er =0. Also reflected power P, =0

(9) Transmitted power? (3)
From energy conservation: P, =P, +P,; P, =P =14 W/m’



