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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.

• Cheating incidents will be processed according to the University rules.

• Use SI units.

• Take g = 9.8 m/s2.
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1. A car travelling at 90 km/h breaks and decelerates uniformly at a rate of 1.3 m/s2 to stop.

(a) Find the time taken to stop. 2 point

(b) Find the distance travelled by the car after breaking. 2 points

Solution: The initial speed in SI unit is

v0 =
90

3.6
= 25 m/s

Time taken to stop is

t =
v − v0

a
=

0− 25

−1.3
= 19.2 s

The distance travelled during this time is

x− x0 = vt =
1

2
(25 + 0)× 19.2 = 240 m

OR

x− x0 =
v2 − v2

0

2a
=

−252

2× (−1.3)
= 240 m

OR

x− x0 = v0t+
1

2
at2 = 25× 19.2 +

1

2
(−1.3)× (19.2)2 = 240 m

2. Starting from rest at A, Othman accelerates at 0.08 m/s2 to reach B in 4 minutes. He
takes a rest at B for 5 minutes, then travels 1600 m to C in 6 minutes (see the figure).

A BC

1600 m

(a) Find his average speed of the whole journey. 2 points

(b) Find his average velocity of the whole journey. 2 points

Solution: The distance AB is

AB =
1

2
at2 =

1

2
× 0.08× (4× 60)2 = 2304 m

Total distance travelled: AB + BC = 3904 m

Average speed:
3904

(4 + 5 + 6)× 60
= 4.34 m/s

Total displacement: AC = AB −BC = +704 m

Average velocity:
+704

(4 + 5 + 6)× 60
= +0.78 m/s
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3. A stone is thrown vertically downward with speed 5 m/s from the edge of the roof of
a building. It passes a window after 3 s and lands on the ground after 6 s. Ignore
air resistance.

h

H

Ground

Window

(a) Find the height (H) of the building. 2 points

(b) Find the height (h) of the position of the window

from the ground. 2 points

Solution: We choose the positive x−axis upward.

(a) We have

x0 = H (height of the building, unknown)

x = 0 (Ground), v0 = −5 m/s, a = −9.8 m/s2, t = 6 s

We use

x = x0 + v0t+
1

2
at2 =⇒ 0 = H − 5× 6 +

1

2
(−9.8)× 62

=⇒ H = 206.4 m

(b) We have

x0 = 206.4 m, x = h (position of the window, unknown)

v0 = −5 m/s, a = −9.8 m/s2, t = 3 s

We use

x = x0 + v0t+
1

2
at2 =⇒ h = 206.4− 5× 3 +

1

2
(−9.8)× 32

=⇒ h = 147.3 m

4. Three vectors ~A, ~B and ~C are shown in the figure.
The vector

~D = ~B+ ~C− 2~A

35o

A
B

C
x

y

50 m

50 m

20 m

(a) Find the magnitude of ~D. 3 points

(b) Find the angle between the +x-axis and the vector ~D. 1 point

Solution: We have

Dx = Bx + Cx − 2Ax = 50 cos 35o − 50 + 0 = −9.04 m

Dy = By + Cy − 2Ay = 50 sin 35o − 0− 2× 20 = −11.32 m

D =
√

D2
x +D2

y = 14.5 m

θ = tan−1

(

−11.32

−9.04

)

+ 180o = 231.4o
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5. The box of mass M1 = 5 kg is at rest on a table and is connected to the box of mass
M2 = 3 kg by a massless rope going over a massless and frictionless pulley as shown.

1M
2M

NF
TF TF

1M g
2M g

(a) Find the tension in the rope. 2 points

(b) Find the normal force exerted by the table on

the box of mass M1. 1 point

Solution: The free-body diagrams for M1 and M2 are shown.

For box M2:

FT −M2g = 0 =⇒ FT = 29.4 N

For box M1:

FT + FN −M1g = 0 =⇒ FN = 19.6 N

6. A 60 kg person is standing on a scale inside a lift that accelerates downward at 3 m/s2.

What does the scale show in kg? 3 points

x

y
NF

Mg

Solution: Looking at the free-body diagram, the Newton’s second law implies,

FN −Mg = −Ma

=⇒ FN = Mg −Ma = 408N

Then the reading in the scale is

Reading =
FN

g
= 41.6 kg
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7. A book of mass 0.8 kg is pressed against a vertical wall to prevent it from falling down by
applying a force of magnitude FP at angle 60o with the horizontal as shown. The coefficient
of static friction between the wall and the book is µs = 0.52. Find the minimum value of
FP that is required so that the book does not slide down the wall. 4 points

o
60

PF

NF

frF

Mg E
xp

ec
te

d 
M

ot
io

n

Solution: The free-body diagram for the book is shown: (i) The normal force FN is
normal to the contact surface, (ii) The force, Mg (due to gravity) is downward and (iii)
since the expected motion (if FP is not sufficient) is downward, the force of friction Ffr is
upward.

We choose the positive x-axis to the right and the positive y-axis upward. Then

x−direction: − FP cos 60o + FN = 0 =⇒ FN = FP cos 60o

y−direction: + FP sin 60o + Ffr −Mg = 0

=⇒ FP (sin 60o + µs cos 60o) = Mg

=⇒ FP =
Mg

sin 60o + µs cos 60o
= 6.96 N


