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QUESTION 1

(a)A wave is described by the y = 15.5sin (ZmE — %x + %) m. All your

answers must include correct units.

i, Write down the amplitude and (1 mark)
ii. the phase of the wave. (1 mark)
iii.  Find the angular frequency, (2 marks)
iv. frequency, | (1 mark)
v. period, and (1 mark)
vi. the velocity of the wave. (1 mark)

(b)An explosion occurs on the ground above which there is air at a
temperature of 25.0°C. Find the velocity of the sound in air and that
of the vibration in the ground if the bulk modulus and density of the

ground are, 2 700 kg/m’ and 38.0 X 10° Pa, respectively. (2 marks)

(c) A audiophile (person who highly appreciates the quality of sound
reproduction) wants to choose between two music systems, one rated
at 80.0 W and the other 100 W priced at E13,499.95 and
E15,999.95, respectively. The speakers for both systems are 0.800%
efficient. The student wants to sit at a distance r = 5.00 m from the
speakers.

i.  What is the sound level at a distance r from each system?
(4 marks)
1. Recommend with full justifications based on physics the best
choice system for the individual.
(2 marks)

(d)Two pieces of cloth of the same size are cut from the same fabric.
Cloth A is exposed to light from the sun under dry conditions and the
other one B is exposed to only visible light of the same intensity as




that from the sun for the same length of time. If the exposure time is
made long enough, which piece of cloth will change in colour first
and why? (2 marks)

(e) A microscope is made such that the focal lengths of the objective and
eyepiece are 6.00 mm and 50.0 mm, respectively and the two lenses
are separated by a distance of 230 mm. The object is placed 6.20 mm
from the objective lens. Find

i. the image distance of duc to the objective lens s,’, (3 marks)
ii. the image distance due to the eyepiece s, and (2 marks)
iii. determine the total magnification of the system. (3 marks)




QUESTION 2

(a) Explain why a thunderstorm cannot continue indefinitely? (3 marks)

(b) Three

point charges are placed along the x-y plane at the vertices of an

equilateral triangle as shown in Figure 1.

i.

ii.

11l

1v.

Vi,

vii.

g — 8.00 }.LC

Find the scalar value of the force on g5 due to each of the two
charges. (Scalar value here means the actual value and not the
absolute value.) (4 marks)
Find # 5 and f; 3 the unit vectors that give directions from the
locations of the charges g, and g, respectively, to the location of the

charge ¢;. (4 marks)
Find the vector force on the charge g4 due to the other two charges g,
and q5. (2 marks)

Find the electric field vector at the location of the charge g5 due to
both the charges g, and ¢, using the definition of the electric field.

(4 marks)
Use the electric field obtained in (iv) above to find the vector force on
g5 due to the other two charges, and compare with the result from part
(11d). (2 marks)
Find the electric potential at the point P which is along the y-axis
directly to the left of the location of charge ¢;. (3 marks)
What charge must g5 be replaced by to make the electric potential at
point P zero volts? (3 marks)

,=-4.00 pC

=5.00 uC

A A

Figure 1.




QUESTION 3

(2)A platinum resistance thermometer has a resistance Ry, = 50.0 Qat
T, = 20.0 °C °C. The temperature coefficient of resistivity o for
platinum is 3.92 x 1073 (°C)™*. The thermometer is immersed in a
vessel containing melting tin, at which point R increases to 91.6 €.
What is the melting point of tin? (4 marks)

(b) From your understanding of materials, explain how the resistance
for copper and silicon change with temperature and why they
behave the way they do. (4 marks)

(¢)Figure 2 shows a circuit diagram for this problem.
i, Use Kirchhoff’s rules to determine any four equations that
can be used to find the currents Iy, I, and /3. Include a
diagram that shows how you obtain the equations.

(6 marks)
ii. Find the potential difference across the capacitor AVqgy, and
the total charge Q. (2 marks)
iii. Explain why the segment bd has the same current as the
segment ca in this circuit? (2 marks)

== 6.00 uF

T_3.00V




(d) Three light bulbs when connected directly to a 220 V source are
rated at 60 W, 100 W and 200 W,
i. Determine by calculation which lamp will be brightest if they
are connected in series with a 220 V power source.
(5 marks)
ii. Suppose the same light bulbs are connected in parallel across

the same power source. Explain which lamp will be brightest.
(2 marks)




QUESTION 4

(a)Singly positively charged uranium ions 2380 are accelerated through

1.

ii.

iii.

a potential difference AV. They are then directed to a velocity selector
with an electric field of 2 500 V/m and a magnetic field of 0.0350 T
both in the velocity selector and in the deflection region (electric field
free region). In answering the questions below derive the equations
used to get the answer.

Determine the velocity of the particles that go through un-deflected.

(4 marks)
What is the potential difference AV though which the ions are
accelerated? (3 marks)
Find the radius of curvature of the particles.
(3 marks)

(b) Figure 3 illustrates a metal bar of mass m = 0.235 kg placed on

i,
ii.

two frictionless conducting parallel rails separated by a distance

] = 12.0 cm. A current I = 48.0 A passes from one end of the bar to
the other (in the k direction). The rails are in a magnetic field region
of magnitude B = 0.240 T in the { direction.

Find the direction of the force on the wire. (3 marks)
Find the magnitude of the force on the bar and its acceleration.
(4 marks)

(¢)In the metal bar and rail system described in part (b), suppose that

1.

1.
iii.

there was no applied current but instead a force was applied to move

the bar to the right with a constant velocity of 1.00 m/s. Also assume

that the left ends of the rails are connected by a resistor R = 6.00.
What is the emf generated by the system while the bar is on the
rails? (5 marks)
How much current goes through the bar? (1 mark)
Discuss how the emfis generated by this system and also state
which of the physics laws is applicable. (2 marks)
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QUESTION 3

(a)C0n51der the circuit shown in Figure 4.

1.

ii.

If the switch has been in the off-position for a very long time
write down the equation for the current behavior as a
function of time after the switch is put in the on-position and
sketch the respective graph. Also indicate the value of the
current after one time constant. (3 marks)
The switch is left in the on position for a very long time.
Write down the equation for the current as a function of time
and sketch the respective graph indicating the current at one
time constant. (3 marks)

Figure 4.

(b) A sinusoidal voltage AV = (40.0 V) sin(100¢) is applied to
a series RLC circuit with L = 160 mH, € = 99.0 pF, and R =
68.0 Q. |

i.  Make a circuit diagram for this circuit. (3 marks)
ii. Find the frequency of the applied voltage. (1 mark)
iii. Find the reactance of the capacitor and that of the inductor.
(2 marks)
iv. Determine the impedance of the circuit. (2 marks)
v. What is the maximum current I;qx. (1 mark)

V1.

Find the phase angle and the power factor for the circuit.
(2 marks)




vii.  State with justification which is ahead of the other between
current and voltage for this circuit. (2 marks)
viii. Find the power consumed by the circuit. (1 mark)
ix. Find the apparent power consumed by the circuit. (1 mark)

(¢)A step down transformer is to be used to reduce the voltage from
the 220 V rms wall socket voltage to 9.00 V rms in order to
operate a cell phone charger that supplies 1 000 mA.

i, What is the turns-ratio of secondary to primary in the
transformer? (2 marks)

ii.  What is the current drawn from the wall socket?
(2 marks)




DATA SHEET

General data

Air refractive index = 1.00

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

Boltzmann’s constant ky = 1.38 x 107% J/K

Coulomb constant k, = 8.9875 x 10° N-m*/C?

Density of mercury = 1.36 x 10* kg/m’

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

Gravitational acceleration g = 9.80 m/s’

Speed of light in vacuum ¢ = 2.997 8 x 10° m/s

Speed of sound in air vy = 343 m/s

Standard atmospheric pressure = 1.013 x 10° Pa
Stefan-Boltzmann constant ¢ = 5.67 x 1078 W/(m*K")
Threshold of hearing I, = 107*? W/m®

Universal gravitational constant G = 6.67 X 10711 N'm*/kg’
| calorie =1c = 4.186]

1 food calorie = 1Calorie = 1C = 103 calories = 4.186 X 10° J

Water data
c(water) = 4186 J/(kg.K)  c(ice) = 2090 J/(kg.K) c(steam) = 2079
Ji(kg.K)

Lice)=3.33x10° J/kg  Ly(water) = 2.260x10° J/kg
p (water) = 1000 kg/m’ refractive index n,, = 1.333

Electricity and nuclear data

Alpha particle mass = 6.644 657 x 107 kg

Charge of an electron = —1.6 x 10" cC

Charge of a proton = +1.6 X 10" ¢

Coulomb’s constant &, = 8.987 5 x 10° Nm*/C?
Deuteron mass = 3.343 583 x 10" kg

Electron mass, 7, = 9.109 x 10°" kg

Neutron mass m, = 1.675 x 10" kg

Proton mass, m, = 1.673 x 10% kg

| atomic mass unit =1 amu =1 u=1.66 x 107 kg




