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Useful constants

Speed of light in free space, ¢ = 3 X 108ms™* g
Permeability of free space, po = 41 X 107’Hm™!
Permittivity of free space, £, = 8.85 x 107*2C*N~'(Fm™)
Elementary charge, e = 1.60 x 1071°C

Planck constant , h = 6.63 X 10734Js

Rest mass of electron, m, = 9.11 x 10731Kg

Rest mass of proton, m,, = 1.67 x 107%’K g

Rest mass of neutron, m,, = 1.675 X 107%?7K g

Rest mass of a-particle, m, = 6.646 X 1072’Kg

Molar gas constant, R = 8.31JK "1mol™?

Avogadro constant, N; = 6.02 X 10%3mol™?!

Boltzmann constant, k = 1.38 x 10723JK 1

Gravitational constant, G = 6.63 X 10" Nm?2Kg~2
Acceleration of free fall, g = 9.81ms™2

QUESTION ONE (30 marks)
a) Distinguish between electrostatics and magnetostatics. (2 marks)

b) A current through a horizontal power line flows in east to west direction. What is the direction
of magnetic field at a point directly below it and at a point directly above it? (2 marks)

c) Define resistivity. A silver wire has a length of 5m and a cross sectional radius of 0.002m.
Silver has a resistivity of 1.59 x 10-8/ /m. It is connected to a potential difference of 0.006V

d) Calculate the resistance of the wire and the current through the wire. (3 marks)

e) A proton in a particle accelerator has a speed of 5.0 x 10° m/s. The proton encounters a
magnetic field whose magnitude is 0.40 T and whose direction makes an angle of 30.0° with
respect to the proton's velocity. Find the magnitude of the magnetic force on the proton.

(3 marks)
(i) State the relationship for the electric field strength, E: at a distance » from a point charge O

(ii) between two parallel plates, a distance d apart, when a potential difference (p.d.) V is applied

across the plates. 3 marks)

(f) Sketch the magnetic field pattern around the following electromagnet. (2 marks)

electron flow
A%

(g) What is the voltage 5.0cm away from the center of a 1.0cm diameter solid metal sphere that
has a —3.0nC static charge? (2 marks)
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(h) A current of 10A flows through a conductor for two minutes. Calculate the amount of charge
passed through any area of cross section of the conductor. (If the charge of an electron is 1.6 X
10719¢C, then calculate the total number of electrons flowing. (3 marks)

(i) A conductive rod is moving through a region of magnetic field, directed out of the page as
diagrammed below. As a result of its motion, the mobile charge in the rod separates, creating an
electric potential across the length of the rod. The length of the rod is 0.12m and the magnitude of
the magnetic field is 0.022T. If the rod is moving with velocity v = 17ms™%, what is the
magnitude and direction of the potential from one end of the rod to the other? (4 marks)

@0 00 006"
© offegeco
© Ol @066
OO0 OO0

() A p.d. of 3-0 x 10* V is applied between two parallel conducting plates. The electric field
strength between the plates is 5-0 x 10° NC™1. (i) Determine the separation of the parallel plates.
(ii) The separation of the plates is reduced to half the value found in (a).What happens to the
magnitude of the electric field strength between the plates? (4 marks)

(k) Two long straight parallel wires are 0-10 m apart. The current in each wire is 100 A but the
currents in the wires are in opposite directions as shown below.

100 A P

100 A

(i) Sketch the magnetic field lines around each of the wires. Use your sketch to determine
whether the force between the wires is attractive or repulsive. (2 marks)

QUESTION TWO (20 marks)

(a) Three different, small charged objects are placed as shown in Figure below. The charges

q, and gsare fixed in place; g,is free to move. Given that g; = 2e, g, = —3e and g3 = —5e
and that d = 2 X 10~7m what is the net force on the middle charge g,? (8
marks)

y
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(b) Determine the net capacitance of the capacitor combination shown in Figure below when the
capacitances are C;' = 12.0uF, C, = 2.0uF, C3 = 4.0uF. When a 12-V potential difference is
maintained across the combination, find the charge and the voltage across each capacitor. (8 marks)

120V —

(i1) Calculate the energy stored in the capacitor network in 4(b) above when the capacitors are fully charged.
(4 marks)

a)

b)

c)

QUESTION THREE (20 marks)

Find the forces per unit length on two long, straight, parallel conductors if they carry currents
A; and A, in the same direction and the separation distance is x. (6 marks)

Calculate (a) the electric field, and (b) the electric potential at a distance of 15 ¢cm from an
isolated point charge of 5 pC. (6 marks)

Two metal plates are separated by a distance d. The potential difference between the plates is
V. A positive charge Q is pulled at a constant speed with a constant force F from the negative
plate all the way to the positive plate. Using the definition for electric field strength and the
concept of work done, show that the magnitude of the electric field strength E is given by the

equation: E = 5 (5 marks)
The magnet in the sketch below is mounted like a pendulum. It is allowed to swing to and fro
into and out of a coil which has N turns. (3 marks)

Ny

o centre
zero meter

(i) What is the induced e.m.f. when the magnet momentarily stops?
(ii) State what happens to the induced e.m.f. as the magnet reverses its direction of movement.
(iii) What happens to the induced e.m.f. at the positions where the magnet moves fastest?
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QUESTION FOUR (20 marks)
a) Draw ablock diagram to show the construction and operations of the various parts of a cathode-

ray oscilloscope. (8 marks)
b) State the Kirchhoff’s voltage law and use it to find the currents I, I, and I5 flowing in the
circuit. (12 marks)

QUESTION FIVE (20 marks)
a) A transformer on a KPLC pole steps the rms voltage down from 12kV to 240V. (a) What is

the ratio of the number of secondary turns to the number of primary turns? (b) If the input
current to the transformer is 2.04, what is the output current? (c) Determine the power loss in
the transmission line if the total resistance of the transmission line is 200.2. (d) What would
the power loss have been if the transmission 240V the entire length of the line, rather than
providing voltage at12kV. What does this say about transmission lines? (8 marks)

b) A straight wire, 0-05 m long, is placed in a uniform magnetic field of magnetic induction 0-04
T. The wire carries a current of 7-5 A, and makes an angle of 60° with the direction of the

magnetic field. (6 marks)
y; 60° S
F A
7 > B
VA >

wire
The arrow on the wire shows the direction of the electron current in the wire.
i.  Calculate the magnitude of the force exerted on the wire.

ii.  Draw a sketch of the wire in the magnetic field and show the direction of the force
iii.  Describe the conditions for this force to be a maximum. (6 marks)
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