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QUESTION 1 

(a) State the meaning of each of the terms in wave motion: period, wave length and amplitude. 
Also include diagrams that illustrate these terms. (6 marks) 

(b) The sound level from an isotropic source 6.25 m away is found to be 94.5 dB. Find the 
power of the sound source. (5 marks) 

(c) Comment on the energy, wavelength and frequency of ionising electromagnetic radiation as 
compared to non-ionising electromagnetic radiation, and state why such radiation is of 
concern to human health. (4 marks) 

(d) A tight ray in water reaches the air-water surface at an angle of 75.0° with the normal. 
Determine by calculation what happens to the light ray when it reaches the air-water 
interface. (3 marks) 

(e) An object 5.00 cm high is placed 4.00 cm in front of a lens of focal length 8.00 cm. 
I. Find the image distance, (3 marks) 

ii. the magnification, (1 mark) 
iii. the image height and (1 mark) 
iv. state the nature ofthe image with justification. (2 marks) 
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QUESTION 2 

(a) Three point charges are placed along the x-y plane as shoWtl in Figure 1. 
I. Find the scalar value of the force on q3 due to each of the two charges. 

(4 marks) 
11. 	 Find T1,3 the unit vector that give directionfrom the location of the charge ql to 

the location of the charge q3' (2 marks) 

Ill. 	 Find the vector force on the charge q3 due to the other two charges ql and qz. 
(3 marks) 

IV. 	 Find the electric field vector at the location of the charge q3 due to both the 
charges ql and qz using the definition of the electric field. (3 marks) 

v. 	 Use the electric field obtained in (d) above to find the vector force on q3 due to 
the other two charges, and compare with the result from part (c). (2 marks) 

vi. 	 Find the electric potential at the point P which is along the x-axis directly below 
the location of charge q3' (3 marks) 

VII. 	 What charge must q3 be replaced by to make the electric potential at point P to be 
100 volts? (5 marks) 

(b) Can a thunderstorm continue indefinitely? Explain your answer. (3 marks) 

y 
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Figure 1. 
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QUESTION 3 

(a) The resistance of a platinum wire is to be calibrated for low-temperature measurements. A 
platinum wire with a resistance of 1.000 n at 20.0oe is immersed in liquid nitrogen and 
its resistance is found to be 0.153 n at that temperature. If the temperature response of the 
platinum wire is linear, what is the temperature of liquid nitrogen? The temperature 
coefficient of resistivity for platinum is a = 3.92 x 10-3 re. (4 marks) 

(b) In the circuit shown in Figure 2 use Kirchhoffs rules to determine any four equations that 
can be used to find the currents III 12 , 13 , and 14 , Include a diagram that shows how you 
obtain the equations. (8 marks) 

b d 

Figure 2. 

(c) An uncharged capacitor and a resistor are connected in series with a battery. If the emf 
source of the battery is 12.0 V, the capacitance is 5.00 IlF and the resistance is 
8.00 x 105 n. 

i. Find the time constant for the circuit, (1 mark) 
ii. the total charge after charging for one time constant, (2 marks) 

iii. the total energy stored after charging for one time constant and (1 mark) 
IV. the charging power within one time constant. (2 marks) 
v. Find the maximum charge that can be stored in the capacitor, (1 mark) 

vi. the maximum current, (1 mark) 
VII. the maximum energy that can be stored, (1 mark) 

viii. the charge left after discharging for one time constant from full charge, and 
(2 marks) 

ix. the discharging power within one time constant from full charge. (2 marks) 
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QUESTION 4 

(a) Positively 	 charged particles of charge q = 3.20 X 10-19 C move with a velocity 
ii = (2z + 3J - k) mls through a region where both a unifo~ magnetic field and uniform 
electric field exist. Calculate the total vector force on each moving charged particle taking 

jj = (2z + 4J + k) T and E= (4z- j - 2k) Vim. 
Hint: Find the force due to the electric field and the force as a vector due to the magnetic 
field and add the two. 	 (6 marks) 

(b) State Faraday's law by words and with an equation. 	 (4 marks) 

(c) The system shown in Figure 3 consists of two ends of a bar magnet facing each other with a 
wire loop in between them. The wire loop is rotating with angular frequency w, and the 
magnitude of the magnetic field between the to ends of the magnet is B. 

l. 	 Find an expression for the magnetic flux through the loop. (2 marks) 
ii. 	 What is the maximum emfproduced by the system. (2 marks) 

c- NJ{tlr; C1 
J 

Rectangular wire loop of area A 

Figure 3 

(d) Consider a circuit where an emfsource, a resistor and inductor are connected is series with a 
switch. 

i. 	 If the switch was originally off and is turned on, (1) write an expression of how the 
current varies with time, (2) also make a sketch of the associated graph how and (3) show 
the value ofthe current at one time constant. (4 marks) 

n. 	 I f the switch is kept on for a long time and then switched off, (1) write down an 

expression for the variation of the current with respect to time, (2) sketch the graph and 

(3) show its value after one time constant. 	 (4 marks) 

iii. 	 On observing the behavior of the current after switching on and off the circuit what can 
you say about the effect on current of an inductor in a circuit. Also give one example of 
the application of an inductor. (3 marks) 
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QUESTION 5 

(a) In the calculations of AC power consumption, why are the root mean square values of 
current and voltage used instead of the average quantities in-'a cycle? (2 marks) 

(b) Consider the circuit shown in Figure 4. The peak current is 250 rnA and the frequency of 
the source is 50.0 Hz. 

I. Find the reactance for the inductor, (1 mark) 
11. the reactance for the capacitor, and (2 marks) 
iii. the impedance for the circuit (2 marks) 
IV. What is the maximum potential difference l!:. Vmax? (1 mark) 
v. Find the phase angle between the voltage and current. (2 marks) 

VI. 	 State with justification which is ahead of the other between current and voltage 
for this circuit (2 marks) 

vii. Find the power consumed by the circuit. 	 (1 mark) 
viii. Find the apparent power 'consumed by the circuit. 	 (1 mark) 

IX. 	 What is the power factor for the circuit? (1 mark) 
x. 	 Why is the power factor important for the power supply company? (1 mark) 

4.43 ~F 
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500 Q 

R 

Figure 4. 

(c) A local power station generates 200 MW ofpower at 11.0 kY from renewable energy 
resources and has a customer 650 km away. The power is transmitted at 440 kY, the 
transmission lines have a resistance of 0.0646 O/km. The generation cost is sixty cents 
per kWh. 

1. 	 Find the turns-ratio, secondary to primary, of the transformer used to step-up the 
voltage for transmission. (2 marks) 

ii. 	 Find the secondary current. (2 marks) 
111. 	 Determine the cost of the power lost in transmission per week. (5 marks) 
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DATA SHEET 


General data 
Air refractive index 1.00 

x 1023 lAvogadro's number NA 6.022 mor 
Boltzmann's constant k8 = 1.38 X 10-23 JIK 
Coulomb constant ke = 8.9875 X 109 N'm2/C2 

Density of mercury = 1.36 x 104 kg/m3 
Gas constant R = 8.314 J/(moI.K) 
Gravitational acceleration 9 = 9.80 m/s2 

Speed oflight in vacuum c = 2.9978 x 108 m/s 
Speed of sound in air Vs = 343 m/s 
Standard atmospheric pressure = 1.013 x 105 Pa 
Stefan-Boltzmann constant a = 5.67 x 10-8 W/(m2·K4

) 

Threshold of hearing 10 10-12 W1m2 

Universal gravitational constant G = 6.67 X 10-11 N·m2/kg2 

1 calorie 1c 4.186 J 
1 food calorie = 1Calorie = 1C = 103 calories = 4.186 x 103 J 

Water data 
c(water) = 4186 J/(kg.K) c(ice) 2090 J/(kg.K) c(steam) 2079 J/(kg.K) 
Lt{ice) 3.33x105 J/kg Lv(water) 2.260x106 J/kg 
p (water) = 1000 kg/m3 refractive index nw = 1.333 

Electricity and nuclear data 
Alpha particle mass = 6.644 657 x 10'27 kg 
Charge ofan electron -1.6 x 10,19 C 
Charge of a proton = +1.6 X 10,19 C 
Coulomb's constant ke 8.987 5 x 109 Nm2/C2 

Deuteron mass 3.343 583 x 10'27 kg 
Electron mass, me = 9.109 x 10,31 kg 
Neutron mass mn 1.675 x 10.27 kg 
Proton mass, mp = 1.673 x 10'27 kg 
I atomic mass unit 1 amu = 1 u 1.66 X 10'27 kg 
1 Ci 3.7 x 1010 decays/s 
IBq = I decay/s 
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