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PROBLEM SET 1

Topics: review of phasor quantities, calculus of sinusoidal functions, elements of fields and
waves, and circuit theory.

1. A voltage source given by v(t) = 30 cos(2π · 109t − 30◦) V. The generator has a source
impedance of 50 Ω is connected to a series RC load, with C = 0.398 pF and R = 80 Ohms.
Obtain an expression for the voltage across the capacitor. How much power is delivered to
the RC load?

2. A 150 MHz uniform in free space is travelling in the x direction. The electric field intensity
has a maximum amplitude of 200ŷ + 400ẑ V/m at a point P (10, 30,−40) at time t = 0.

(a) Write an expression for ~E(x, y, z, t).

(b) Write an expression for E(x, y, z).

(c) Write an expression for ~H(x, y, z, t).

(d) Write an expression for H(x, y, z).

(e) Determine the phase constant β and wavelength λ.

3. A plane wave with frequency of 1.2 GHz is propagating in an unbounded medium of relative
dielectric permittivity εr = 2.2 and µr = 3. Compute the wavelength, phase velocity, wave
impedance for this wave.

4. The instantaneous expression for the magnetic field intensity of a uniform plane wave prop-
agating in the +y direction in air is given by:

~H = 4× 10−6 cos
(

107πt− k0y +
π

4

)
ẑ A/m

(a) Determine k0 and the location whereHz vanishes at t = 3 ms.

(b) Write the instantaneous and phasor expressions for the electric field.

5. The electric field of a uniform plane wave propagating in a dielectric medium is given by:

~E = 2 cos

(
108t− z√

3

)
x̂− sin

(
108t− z√

3

)
ŷ V/m



(a) Determine the frequency and the wavelength of the wave.

(b) What is the dielectric constant of the medium?

(c) Find the corresponding magnetic field.

6. A uniform plane wave is propagating in the z direction through a lossy material with γ =
0.1 + j1.2 m−1 and η = 300 + j25 Ω. Let E = 1006 0 V/m at z = 0.

(a) Find P at z = 0 and z = 1.

(b) How much average power per cubic meter is being dissipated at P (2, 3, 4)?

7. A 30 MHz plane wave is propagating along the positive z axis in a conductive medium with
εr = 4, µr = 1, and σ = 0.8 S/m.

(a) If the x-directed electric field reaches its maximum magnitude of 200 V/m at t = 0 and
z = 0, give expressions for Ex in the phasor (complex) and real-time forms.

(b) Determine the magnetic field intensity associated with this plane wave.

(c) Draw a sketch illustrating the electric and magnetic fields associated with the positive
z travelling wave in conductive medium. Emphasize the directions of the electric and
magnetic fields, and their magnitude and phase relationships.

(d) If we assume that the conductivity σ → 0, determine the magnetic fields intensity
in this case. By drawing a sketch similar to that of part (c), illustrate the differences
between the plane wave propagation in conductive and non-conductive media.

8. A loop antenna is formed from a square loop of wire of dimensions a×a, a = 5 mm placed in
the xy plane, as shown in Figure 1. The loop is subjected to a time-harmonic electromagnetic
field in the problems below. The loop is in free space, and the wire is perfectly conducting.

Figure 1: Loop antenna

(a) A 1 GHz plane wave approaching from the y-direction, with an electric field described
by

E(y) = 4 exp(jky) (cos τ x̂ + sin τ ẑ) V/m



is incident upon the loop, where τ describes the polarization angle of the electric field
with respect to the x-axis in the xz plane, 0 ≤ τ ≤ π

2
. Determine the phasor expres-

sion for the open-circuit voltage developed across the antenna terminals, indicating the
sign voltage in relation to the polarity shown in Figure 1. Assume the magnetic field
developed across the cross section of the loop is uniform for this part, since a� λ.

(b) Is the antenna polarization selective? If so, for what polarization angle τ is the antenna
most sensitive to the incoming wave?

(c) Let the plane wave is incident from the z-direction instead, that is,

E(z) = 4 exp(jkz) (cosφ x̂ + sinφ ŷ) V/m.

where φ describes the polarization angle of the electric field with respect to the x-axis
in the xy plane. Determine the phasor expression for the open-circuit voltage developed
across the antenna terminals. Explain your result.

(d) Next, the plane wave source is removed, and the loop is subjected to a 1 GHz spatially
non-uniform magnetic field described in Cartesian coordinates by

H(x) = 3
(x
a

)2

ẑ A/m.

Determine the phasor voltage developed across the terminals of the antenna if the ter-
minals are open-circuited, indicating the sign voltage in relation to the polarity shown
in Figure 1.

(e) Determine the magnitude of the current flowing in the loop if antenna terminals are
connected to a 50 Ω resistor.

9. Show that E(r) = E0
e−jkr

r
is a solution to the Helmholtz equation.


