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QUESTION 1

(a) An isotropic sound source produces 100 W of acoustic power.

(i) What is the sound intensity at a distance of 10 m? (2 marks)

(ii) What is the sound level at a distance of 10 m? (2 marks)

(iii) At what distance is the sound level at the threshold of pain? (3 marks)

(b) What is the velocity of sound in sea water? ' (2 marks)

(c) A light ray enters a slab of extra derise ﬂlt glass of refractive index n, = 1.720 that is floating
on water of refractive index n, = 1333 atan angle 0= 60° with the normal See Figure 1.
Determine the path of the light ray. (8 marks)
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Figure 1.

(d) A lens has a focal length of /= 14 cm and an object of height y = 5 cm is placed a distance s
=7 cm in front of the lens.

(i) Find the image distance. (3 marks)
(ii) What is the nature of the image? ' - (2 marks)

(iv) What is the image size? : _ (3 marks)



QUESTION 2

Three charges are arranged at the vertices of an equilateral triangle as shown in Figure 2.
(i) Use a diagram to find the unit vectors r"l’3 and fz,s . (4 marks)

(ii) Find the force between g, and;.q3 and the force between ¢, and g,. (4 marks)
(iii) What are the x- and y-components of the force on g, due to the other two charges?

(6 marks)
(iv) What are the x- and y-components of the electric field at point P due to all the
charges?- (4 marks)
(iii) What is the electric poteﬁ’tla] at point P? (2 marks)
(iv) How much energy is required to move a charge q’ = 5 4C from infinity to point P?
(2 marks)
(iv) By what charge must g, be replaced by to make the electric potential at point P to be
1000 V? (3 marks)

> X .
Figure 2. q,=2x10°C gq,=-4x10°C



QUESTION 3

(a) Briefly discuss the cause of electrical resistance in materials. : (4 marks)
(b) In the circuit shown in Figure 3, _
(i) use Kirchoff’s laws and a diagram to obtain three equations to determine the
currents /,, I,, and J;, and (6 marks)
(ii) determine the currents /,, /,;:and L, (10 marks)

Figure 3.

(c) In Figure 4 the galvanometer of internal resistance 50 Q is to be used as ammeter and
requires a current of 0.500 mA for full scale deflection. What should be the shunt resistor R, to
make an ammeter with a full-scale deflection of 0.500 A? (5 marks)

Figure 4.



QUESTION 4

(a) To select a single velocity of charged particles, the particles are directed to a
velocity selector with the electric and magnetic fields perpendicular. Discuss how
the velocity selector,works. (8 marks)

(b) Derive with explanation an expression for the radius of curvature of a charged

particle of mass m, charge g and velocity Vif it enters a region with only a

perpendicular magnetic field of magnitude B. PR (4 marks)
(c) Singly ionized (1 electron removed) krypton ions (atomic mass 83.912 u) are accelerated
through a potential difference of 2000 v. Find the velocity of the ions when they reach the lower
potential point ad determine their radius of curvature when they are directed to a perpendicular
magnetic field of magnitude 0.700 T. (5 marks)

(d) A wire segment is placed in a region with magnetic field B that is out of the page
as shown in Figure 5. The current / is moving clockwise.
(i) Determine how the wire will move if it will move at all. (4 marks)

(ii) If the magnetic field is oriented in the minus y (- J) direction, determine how the
wire will move. (4 marks)

Region with B field out of the page

Chrrent carrying wire A
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Figure S.



QUESTION §

(a) In AC currents the root-mean-square (rms) value of current and voltage are used in the
calculations of power. Explain why the rms values are used instead of the average values of
voltage and current, and also show how the rms values are determined? Use equations and
diagrams to illustrate your answer. ) (6 marks)

(b) A step-down transformer is used for-recharging the batteries of a portable device. The turns
ratio (primary to secondary) inside the transformer.is 26:1 and it is used.with 240 V rms
household power socket. The transfopier draws 0.175 A from the house outlet.

(i) What is the secondary voltage? (2 marks)
(ii) What is the current supplied to the battery charger? (2 marks)
(iii) How much power is delivered to the battery charger? (2 marks)

(iv) If it takes 2 hours to charge the batteries, how much energy is needed to charge the
batteries, and how much does it cost if electricity costs 0.600 cents per kWh.

(3 marks)
(c) Nuclear Physics _ «
(i) Fully explain what the notation gX mean in nuclear physics. (S marks)
(ii) A sample with an activity R, 10.0 mCi and a decay constant A = 0.0558 h™'. How
many nuclei are present in the sample? (3 marks)
(iif) What is the half life of the isotope in hours. _ (2 marks)



GENE DATA SHEET

Speed of light in vacuum ¢ = 2.9978 x 10* m/s

Speed of sound in air v, = 343 m/s

Gravitational acceleration = 9.80 m/s’

Universal gravitational constant G = 6.67 x 10! N. m%kg?
Density of mercury = 1.36 x 10* kg/m*

Density of water = 1000 kg/m’

Standard atmospheric pressure = 1.013.x 10° Pa
Boltzmann’s constant k; = 1.38 x 102J/K
Stefan-Boltzmann constant 0 = 5.67 x 10 W/(m%K*)

Gas constant R = 8.314 J/(mol.K) '

Avogadro’s number N, = 6.022 x 10% mol!

Threshold of hearing , = 10"? W/m?

1 calorie=1c=4.186J

1 food calorie = 1 Calorie = 1C = 10 calories = 4.186 x 10* J

c(water) = 4186 J/(kg.K) 'c(ice) =2090 J/(kg.K) c(steam) = 2079 J/(kg.K)
Lice) =3.33x10° J/kg L (water) = 2.260x10° J/kg
k, = = 899 x 10°N.m?%C?

4 ¢,

Charge of an electron=-1.6 x 10 C

Charge of a proton=+1.6 x 10 C

1 atomic mass unit=1amu=1u=1.66 x 10 kg
Electron mass, m, = 9.109 x 10?! kg

Proton mass, m, = 1.673 x 107 kg

Neutron mass m, = 1.675 x 10%" kg

€, = 8.85 x10"2 C(N.m?)

1 Ci=3.7 x 10 decays/s

1Bq = 1 decay/s



