ECED 4310
Tutorial: Plane electromagnetic waves

Problem 1

A plane electromagnetic wave propagating in a nonmagnetic medium is specified by its magnetic
field,
H = 25sin(2 x 10% + 6z)a,, mA/m.

Determine:
1. The direction of wave propagation.
2. The permittivity of the medium.
3. The electric field intensity.

Solution

1. The phase can be written as = wt + fx, where w = 2 X 10® s=! and 8 = 6. Thus, the

wave propagates in a negative z-direction (backward-propagating wave).

It follows that

2 .2
=7 81— = 8le,
w €=20l&
3.
H= Re[Hoej(Qxlost—i-Gx)]’
where
H, = —25ja,, mA/m. (1)
It follows that
Eo = —n(ar x Hy), a, = —ay, n =/ to/€ = 10/9 = 407/3. 2)



It can be inferred from Eqgs. (1) and (2) that

25
E, = %(ax x Hy) = —%jaz, mV/m

Thus,
. 1
E = Re[Eye/ @*10%+62)] — S sin(2 x 10% + 62), V/m.

Problem 2

The electric field of a plane wave propagating in a nonpermeable dielectric medium is given by
E = a,2cos(10% — 2/v/3) — a, sin(10% — 2/V/3), V/m.
1. Determine the frequency and wavelength of the wave.
2. What is the dielectric constant of the medium?
3. Describe the wave polarization.
4. Find the corresponding H.

Solution

1. The phase of the wave is § = wt — 3z. Thus, w = 108 s A = 27/8 = 2m/3.

2. B =w\/pi€ = £,/ It follows that e, = 3°¢* /w? = 3.

3. Since | Ey,| # | Eoy| and ¢o, # ¢o,, the wave is (left-hand) elliptically polarized.
4. The complex amplitude of the electric field is
Ey = 2a, + ja,,

Also, n = 19//€ = 1207 /+/3 and a;, = a,. Thus,

H _akXEo_ \/§
°T T 120m

(2a, — ja,).
Hence,

H = Re[Hye/ 1] = 1\2/03 [ay2 cos(10% — 2/V/3) + a, sin(10% — z/\/g)}, A/m.
s




Problem 3

The magnetic field at the entrance to a good conductor, filling the half-space y > 0, is given by
the expression

H(0,t) = ho(a, coswt — a, sinwt),

where h is a known real constant. Determine E(y, ¢) and H(y, ¢) inside the medium.

Solution
Recall that for a good conductor,
1+ I+
P I v =

The complex amplitude of the magnetic field at the entrance to the medium is then
Ho = Relho(a, + jay)]. 3)
Thus, the magnetic field at any y > 0 is just an inhomogeneous plane wave,
H(y,t) =Re [ho(ax + jay)e’y/‘;ej(y/‘;""t)} :
It then follows that
Eo = —n(ax x Hy), a, = a,. 4)
It then follows from Egs. (3) and (4) that

By =~ x (a4 )] = =100 4 ) + ) =

It can be inferred from Egs. (3) and (5) that

hov2 .
gafe”“(az —jas). (5)
Eo,-Hy =0,

as expected for a plane wave. Finally,

H(y,t) = hoe ¥/%a, cos(y/d — wt) — a, sin(y/d — wt)].

and

E(y,t) =

}mgge_y/‘;[az cos(y/0 — wt +m/4) + a, sin(y/d — wt + w/4)].
g

Notice that
E-H#0,

1.e., the orthogonality between the electric and magnetic fields is lost thanks to the phase lag of

45° between the fields.



