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PHYS 221 Final Examination

August 17, 2010 Name
Time: 180 minutes Student No.

1Topms). A DC voltage V, is applied across a parallel-plate capacitor. The space
between the conducting plates is filled with two different lossless dielectrics of
thicknesses d; and d,, permittivity g, and ¢, respectively. The area of each conducting
plate is S.

(a) Determine the capacitance.

(b) Determine the electric field intensity E in the dielectrics;

(c) Find the surface free charge density on the plates and at the interface of the
dielectrics; ;

(d) Repeat (b) and (c) for lossy dielectrics, i.e., assuming the conductivity of the
two dielectrics is oy and o, respectively.
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2(0p1s)- A solid sphere with a radius R is uniformly charged. The charge density (charge
per unit volume) is p. Figure A below depicts its cross section on the x-y plane. The
centre of the sphere is at the origin.

(a) Determine the electric field E at point P(2R/3, 0, 0).

(b) A spherical cavity of radius R/2 is created as shown in figure B. The centre of the
cavity is located at (R/2, 0, 0). Determine the electric field inside the cavity at point
P(2R/3, 0, 0).

(c) If the cavity inside the sphere has a radius w and the centre of the cavity is located
at (a, b), find the electric field at a point (x, y) inside the cavity.
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3uopts)- A circular rod of magnetic material with permeability p is inserted coaxially in a
long solenoid, as shown in the first figure below. The radius of the rod, a, is less than
the inner radius, b, of the solenoid. The solenoid’s winding is n turns per unit length and
carries a current /.

(@) Use Ampere’s law to determine the magnetic field intensity , H, inside the solenoid
for r<a and for a<r<b.

(b) Determine B inside the solenoid for r<a and for a<r<b.

(c) If there were a small gap in the middle of the magnetized rod as shown in the
second figure below, what would be the magnetic field intensity H and magnetic flux
intensity B in the gap? Assume the opening of the small gap does not affect the
magnetic field inside the red.
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410pts)- A DC power supply of voltage V is connected to a coaxial cable and then to a
load resister R, as shown in the figure below. The length of the coaxial cable is L, the
radius of the inner conductor is @ and the inner radius of the outer conductor is b. The
space between the two conductors is filled with nonmagnetic material whose electric
permittivity is € (assume p=p,, 6=0).

(@) Determine the electric field E between the two conductors.

(b) Determine the magnetic field H between the two conductors.

(c) Determine the magnitude and direction of the Poynting vector S.
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5(10pts). A coaxial transmission line with an inner conductor diameter of 0.60cm and an
outer conductor diameter of 1.0 cm is filled with' a dielectric material where p=po, &=2.5,
and 6=1.0x10 S/m. The conductors are made of copper with p; = po and 6. = 5.8 X 107
S/m. The operating frequency is 1.0 GHz.

(a) Calculate the line parameters R’, L', G', and C’;

(b) Calculate o, B, up and Z,.

B10pts)- A circular-loop TV antenna with an area of 0.04 m? is in the presence of a
uniform-amplitude 300Mhz signal. When oriented for maximum response, the loop
develops an emf with a peak value of 60 mV. What is the peak magnitude of B of the
incident wave?

7 opts)- A robot antenna made of copper ( pe= Ho, Gc = 5.8x10" s/m ) operates at a
frequency of 750 MHz. The length and the radius of the antenna is 10cm and 0.10cm,
respectively. Treat the antenna as a monopole on a conducting surface. Under the far-
field approximation, determine :

a) the radiation efficiency of the antenna;

b) the antenna gain in dB;

c) the antenna current needed to produce 10W of radiation power.

8opts). A plane wave is travelling downward in the +z direction in seawater, with the x-y
plane denoting the sea surface and z=0 denoting a point just below the surface. The
constitutive parameters of seawater are £=80, =1 and c=4 s/m. If the magnetic field at
z=0 is given by

= i50005(2ﬁ x10%t —1;-) (mA/m).

(a) Determine the electric field E(z,¢) and magnetic field H(z,) in the seawater,
(b) Evaluate the average power density at a depth of 20m.

9optsy The magnetic field of a wave propagating through a certain nonmagnetic material
is given by
H =z4cos(10°t-5y)

Find the following

(a) The direction of wave propagation.

(b) The phase velocity.

(c) The wavelength in the material.

(d) The relative permittivity of the material.

(e) The electric field phasor.

10(10pts)- It iS commonly known that electromagnetic waves cannot penetrate conductors.
For example, an AM radio wave cannot reach the inside of a metal box. On the other
hand, seawater i pommonly known as a conductor (c=4 s/m), but it is transparent, i.e.,
light can penetrate seawater. Explain why.
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