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Solution

Instructions to the Students:

• Answer all the questions. Show all your working in this booklet.

• All communication devices must be switched off and placed in your bag or deposited with
the invigilator in charge. Anyone found using a communication device will be disqualified.

• Programmable calculators, which can store equations, are not allowed. You may use a
non-programmable calculator.

• Take g = 9.8 m/s2.

• Use SI units.
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1. A Ferris wheel of radius R = 25 m rotates in a vertical plane at a constant frequency
of 6 revolutions per minute (rpm). An 80-kg passenger is standing on a scale. Find the
reading in the scale (in kg) when he is at the lowest position. 4 points

F

mg

N

Solution:
The frequency of rotation and the speed of the
passenger are

f =
6

60
= 0.1 s−1 v = 2πRf = 15.71 m/s

The reading in the scale is
FN

g
in kg.

We have FN−mg = m
v2

R
=⇒ FN = mg+m

v2

R
= 1573.6 N

=⇒ Reading = 160.6 kg

2. A wheel of radius 1.2 m accelerates uniformly about its centre from 11 rad/s to 37 rad/s
in 10 s.

(a) Find the angular acceleration of the wheel.

(b) Find the tangential acceleration of a point on the rim of the wheel.

(c) Find the radial (centripetal) acceleration of this point 5 s after the
wheel started accelerating.

1 point

1 point

2 points

Solution:
The initial and the final angular speeds are

ω0 = 11 rad/s ω = 37 rad/s

The angular acceleration: α =
ω − ω0

t
= 2.6 rad/s2

The tangential acceleration: atan = αR = 3.1 m/s2

The angular speed at 5 s: ω = ω0 + α× 5 = 24 rad/s

The radial acceleration: aR = ω2R = 691 m/s2
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3. An object consists of three rectangular plates, A, B and C with masses MA = 2 kg,
MB = 1 kg, MC = 5 kg as shown. Find the x−coordinate and the y−coordinate of the
centre of mass of the object.

3 points

y

x

12 m

2 m

6 m

4 m

4 m

12 m

8 m

O

A

B

C

Solution: We have

MA = 2 kg, xA = 6 m, yA = 9 m
MB = 1 kg, xB = 13 m, yB = 11 m
MC = 5 kg, xC = 18 m, yC = 6 m

Then

xCM =
MAxA +MBxB +MCxC

MA +MB +MC

= 14.4 m

yCM =
MAyA +MByB +MCyC

MA +MB +MC

= 7.4 m

4. A 1200-kg car starts at a speed of 12 m/s at the top of a 8.0-m high incline and reaches
the ground level with speed 20 m/s in 9 s. Assume that the effects of friction is negligible.
What was the average power of the engine during these 9 s?

3 points

8 m

Solution: We have
Wnet = KEf −KEi

=⇒ Wengine +Wgravity =
1

2
M(20)2 −

1

2
M(12)2

=⇒ Wengine +Mgh = 1.536× 105 =⇒ Wengine = 5.952× 104 J

=⇒ Pengine =
Wengine

t
= 6.6 kW
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5. A spring with stiffness constant k = 100 N/m stands vertical on the ground. A small
0.02-kg ball is used to compress the spring by 5 cm and the ball is released from that
height (point A). Find the speed of the ball when it is 40 cm above the equilibrium
position of the spring (height of point B). Ignore air resistance.

4 points

M

B

A

40 cm

Normal

5 cm

Solution: We choose the normal height of the
spring as the zero-level of the potential energies.
Then the principle of conservation of mechani-
cal energy is

KEA + PEA = KEB + PEB

=⇒ 0 +
1

2
k × (0.05)2 +Mg × (−0.05)

=
1

2
Mv2 + 0 +Mg × (0.40)

=⇒ 0.1152 =
1

2
Mv2 + 0.0784

=⇒ 0.0368 =
1

2
Mv2 =⇒ v = 1.92 m/s

6. Two forces of magnitudes 60 N and 100 N are acting on a massless beam of length 4 m.
The beam is pivoted at point P . Find the net torque on the beam about the point P .

3 points

CM

P
Pivot

o
45

o
30 60 N

100 N

Solution:
The torque of the 60 N force is negative (rotates clock-
wise), and the torque of the 100 N force is positive
(rotates counterclockwise). So the net torque is

τnet = −60× 4× sin 30o + 100× 2× sin 45o

= −120 + 141.4 = +21.4 m.N
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7. A part of a snow roller-coaster track is shown. Between two frictionless hills, the horizontal
track of length d is rough with coefficient of kinetic friction µk = 0.08. The sled has a
speed of 12 m/s at the position A and when it reaches the position B, its speed becomes
9 m/s. Find the length d.

5 points

d 

FrictionlessFrictionless

With friction10 m

12 m/s

9 m/s

6 m

A
B

Solution: The Work energy principle is

WNC = KEB −KEA + PEB − PEA

=⇒ −µkMg × d =
1

2
M × (9)2 −

1

2
M × (12)2 +Mg × 6−Mg × 10

Cancelling out M and rearranging the terms, we get

µkgd =
1

2
(12)2 −

1

2
(9)2 + g × 10− g × 6 = 70.7

=⇒ d =
70.7

µkg
= 90.2 m


