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State Coulombs Law.

Two charges ¢: =5x107°C and ¢.=—3x10"C are located 16 cm apart in free
space. Determine the point between the two charges where the electric potential
iszero. = " (4 marks)

Define the following with respect to electrostatics:

1. electric field;
11. electric field intensity.

A point charge Q =107C is placed at a point in free space. Determine the:

I eiéétric field intensity at a point 5 cm away from the charge;
II. difference in potential between two points 20 cm and 10 cm away from
the charge. (8 marks)

Write down Maxwell’s equations in both word statement and integral form that describe
the space and time dependence of the electric and magnetic fields in a medium.

(8 marks)
Distinguish between ‘lossy’ and ‘lossless’ media citing one example of each.
(4 marks)
@) Describe displacement current as used in electromagnetics.
(i)  The conduction current density in a lossy dielectric is given by
Je=0.02sin10°t A/m?. The conductivity of the dielectric 0 =1 K mho/m and
the relative permittivity, €, =6.5. Determine the displacement current
density, Jd. (9 marks)
(1) Define skin depth with respect to electromagnetic waves.
(i)  Anelectromagnetic wave travels through a conducting medium. Plot the
variation of amplitude versus distance. (3 marks)
(i) Define intrinsic impedance.
(i) Determine the intrinsic impedance of free space. (4 marks)
State Gaus law of electrostatics. (1 mark)
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A long straight circular conductor of diameter 2 mm carrying a current of 250 A is
placed in air.

(i) Draw a curve showing the variation of the magnetic flux density, S from the
conductor surface outwards.

(i) ° Determine the magnetic flux density at a perpendicular distance of 5 cm from
the conductor. (7 marks)

A transmission line has the following parameters:

R =84Q/km,G =10 mho/km, L = 0.01 H/km;

C =0.061 uF/km and frequency f =1,000 Hz.

Determine the:

1) characteristic impedance;

(ii)  propagation constant;

(iii)  velocity of propagation. (12 marks)
List three properties of electromagnetic waves. (3 marks)

(i) Draw a waveform of an electromagnetic wave indicating the following:

B wavelength;
I1. amplitude.

(ii)  Describe ‘uniform plane wave’. (8 marks)

An electromagnetic wave propagates through aluminium, at a frequency of 1.6 MHz.
The conductivity of aluminium is 38.2 MS/m and it’s electron mobility is £=1.

Determine the:

(i) skin depth;

(i1) propagation constant;

(ili)  wave velocity. (9 marks)

State the following with respect to electromagnetic fields:

0) Biot -savart law;
(ii)  Ampere’s law. (2 marks)
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The electric field of an electromagnetic wave has an amplitude of, £,=120 N/C and a
frequency of f = 50 MHz.

Determine the:

(i) magnetic field strength;

(i)  angular frequency of the electric field;

(iii)  wavelength of the electromagnetic wave. (6 marks)

Describe the following:

(i) poynting theorem:;
(ii)  electromagnetic shielding. (6 marks)

A region in space has magnetic field of 1.0x 10 7" and electric field of 2.0x10°V/m. .
Determine the:

(i) electric field energy density;

(i)  magnetic field energy density;

(iii)  total energy density. (6 marks)
Define each of the following, stating their units:

(i) magnetic field strength (H);
(ii) magnetic flux density (B). : : (4 marks)

Explain the following terms with respect to electromagnetic waves:

@) phase velocity;
(1)  propagation constant. (4 marks)

With the aid of a B - H curve, describe the hysteresis loop of magnetization.
(10 marks)

State two applications of electromagnetic waves. (2 marks)

State three factors that affect the magnitude of the electrostatic force between two point
charges. (3 marks)

An infinity long straight wire carries a current I = 20 A. Determine the distance from
the wire at which the magnetic field intensity H = 1 A/M. (3 marks)

Using Maxwell’s curl equation, show that the poynting theorem for power flowing out
of a closed surface, S, is given by:

$Pds=- [ o dv—-3- SeE? -2 [Futdo. (8 marks)
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Draw the radiation patterns of the following antennae:

(i) half-wave dipole;
(i1) Yagi-uda. (6 marks)

Define the following with respect to antennae:

1) Hertzian dipole;
(i1) directivity. (2 marks)

A magnetic field strength of 5#4/M is detected at a point 8= —g—~ , 2 km from an
antenna in air. Neglecting the ohmic losses, determine the power transmitted by the
antenna if it is a:

(1) Hertzian dipole of length —2’-{5-;

(i)  half wave dipole. (9 marks)
Two charges, Q.= 54C and Q,=6uC are located at (0,4,0) and (3,0,0) respectively.

Determine the electric field intensity at (0, 0, 5) metres due to the two charges.
(9 marks)
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