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1. Please CAREFULLY read the instructions given in the question paper.

2. This question paper has information printed on both sides of the paper.
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SECTION A (Total: 60 marks)

INSTRUCTION: Answer ALL questions.

Please use the answer booklet provided.

Question 1

(a) Brad has a job at a construction site. He often uses power tools on the site. A hand-
held circular saw (Figure 1) contains a disc-shaped blade that spins rapidly to cut
through wood. The axle is fixed through the centre of the blade. An electric motor
makes the axle spin, and then in turn makes the blade spin.

electric motor

hiade

Figure 1

i. When operated at full speed with no load, the blade rotates at 4500 rpom. Show
that the angular velocity of the blade is 471 rads™.
(2 marks)

ii. Brad then turns off the switch. If it takes 7.5 s to stop from a full speed, calculate

its angular acceleration.
(2 marks)

iii. Calculate the angular displacement of the blade in this 7.5 s.
(2 marks)

(b) A cyclist goes round a circular track, of radius 10 m, at a constant speed of 8.0 m s™'.

i. What is the acceleration of the cyclist?
(2 marks)

i. What is the resultant force on the cycle and the rider if together they have a

mass of 90 kg?
(2 marks)
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Question 2

(a) State Newton's law of gravitation.

(2 marks)
(b) Define gravitational field strength.
(2 marks)
(c) A 100 kg satellite of the Earth is at an altitude 2.0 x 10¢ m.
i. Calculate the gravitational potential energy of the satellite- Earth system.
(2 marks)

il. Calculate the magnitude of the gravitational force exerted by the Earth on the

satellite.
(2 marks)
iii. Calculate the force exerted by the satellite on the Earth.
(2 marks)
Question 3
(a) Detine:
3 Stress and the given St unit.
(2 marks)
il. Strain
(1 mark)

(b) A 180 kN tensile force is applied to a metal wire of length 2 cm and radius 40 mm. If
its elongation is 0.05 mm, calculate:
i. Tensile stress
(4 marks)
i Tensile strain

(3 marks)
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Question 4
(a) State:
i. Archimede’s principle
(2 marks)
. Bernoulli's principle
(2 marks)
(b) A boat with its cargo has a total mass of 1.2 x 107 kg. Calculate:
I. The upthrust on the boat when it is in stable equilibrium.
(2 marks)
i. The volume of the boat below the water line.
Density of water | 1000 kgm
(2 marks)

(c) Discuss the importance of the correct loading of the container ship with regards to light

and heavy containers.
(2 marks)
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Question 5

(a) In ice-skating, the dancer as shown in Figure 2 below can increase her number of turns

by folding her arms to her body. Explain, why folding her arms can increase her number

of turns?
LS 1
i
I
Figure 2
(3 marks)
(b) Alice is skating onice at 3.27 rads™ and has a moment of inertia of 0.24 kgm?. Calculate
the angular momentum of Alice while skating on ice.
(2 marks)

(c) A satellite is orbiting at height of 596 km above the Earth’s surface. Calculate:

i. Its speed

(3 marks)
il. The period of revolution in the orbit

(2 marks)
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Question 6

(a) Figure 3 below shows some smoke rising. At A, the type of fluid flow changes. Describe

the fluid flow below and above point A.

Figure 3
(4 marks)

(b) A Slinky is a long spring made of metal. One end of a Slinky is fixed to the ceiling. The
force acting on the Slinky was varied by hanging weights from the other end. The graph

in Figure 4 shows the results.
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Figure 4

i. Explain whether the results follow Hooke's law.

(3 marks)
iii Show that the stiffness, k of the Slinky is about 0.7 Nm'.

(3 marks)
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SECTION B (Total: 40 marks)

INSTRUCTION: Answer only TWO questions ONLY.

Please use the answer booklet provided.

Question 1

(a) At 0° C, the density of a gold bar is 19300 kgm™ while its Young’'s modulus is
77.2 GPa.
i. Calculate the speed of sound waves in the gold bar.
(4 marks)
ii. Evaluate the speed of sound waves in the gold bar at 100° C.
(4 marks)
iii. Determine the temperature value when the sound waves speed reduces to —1 of

its speed at 0° C

(4 marks)

—
—
o

~Z

A military jet takes off from a runway. The sound level heard by a sergeant, standing
50 maway, is 145 dB. Meanwhile, a general is sitting 100 m away.
ound waves heaid by the sergeail.

(4 marks)

. Evaluate the intensity of the sound heard by the general.

(4 marks)
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Question 2

(a) A spring-mass of 18 Nm™' and a 5 kg block its end.

i. Determine its frequency.

(4 marks)
. Calculate its restoring force at -0.12 m from equilibrium.

(4 marks)
iii. Evaluate potential energy at 0.18 m from equilibrium.

(4 marks)

(b) A chimpanzee swings on a rope hanging from a tree. The distance of the swinging
motion from end to end is 15 m while its period is 2.5 s. Write down the sinusoidal SHM

equation if the swinging had started from the + maximum displacement position.
(4 marks)

(c) A jackhammer oscillates at velocity according to v = 0.8sin3t (ms™). Derive the

equation for acceleration.
(4 marks)
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Question 3

(a)

Sketch and label the lightly damped, heavily damped and critically damped SHM on
amplitude vs time graph.
(4 marks)

A damped spring-mass (spring constant= 14 N/m and mass = 0.8kg), initially oscillates
with an amplitude of 11 cm. It has a damping coefficient is 0.65 Ns/m.

i. Determine its amplitude at 3 s.

(4 marks)
il. Calculate the time for the amplitude to be half of the initial amplitude.

(4 marks)
iii. Calculate the damped frequency.

(4 marks)

A 0.8 kg SHM system has a frequency of 12 Hz and damping coefficient of 0.9 Ns/m.
it is driven by a force of 44 N at 25 Hz. Evaluate the maximum amplitude achievable.

(4 Imarks)

END OF EXAMINATION PAPER
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List of data, formulae and relationships

Acceleration of free fall
Gravitational constant
Mass of Earth

Radius of Earth
Gravitational field strength
Density of water

Threshold intensity

g = 9.81 ms?(close to Earth’s surface)
G = 6.67 x 10711 Nm?kg

Mg = 6.0 x 10%* kg

Rr = 6.4x10°m

g = 9.81 Nkg' (close to
p = 1000 kgm

Iy = 1% 10712 Wm2

Earth’
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Waves

Sound

A= zn—L (double open-end tube)
A= ;—L (single open-end tube)
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