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1.1.

1.2.

1.3.

1.4.

1.5.

2.1.

2.2.

QUESTION 1 [20 Marks]
Define a frame of reference (2)

Name and discuss the five vector relations. (5)

Find the angle between vectors 4 = (=3.0i —4.0f)m and B = (=3.0i+ (5)
4.0))m.

A car is stopped at a traffic light. It then travels along a straight road so that
its distance from the light is given by x(t) = bt? — ct?, where b = 2.40 m/s?
and ¢ = 0.12m/s3. Calculate the instantaneous velocity of the car at t = 0s,
t=50sandt = 100s.

(4)

Calculate the displacement and velocity at times of (a) 0.500 s for a rock

thrown straight down with an initial velocity of 14.0 m/s from the top of the @)
bridge. The roadway of this bridge is 70.0 m above the water.

[20]

QUESTION 2 [20 Marks]
State Newton’s second law of motion. (2)

A 4.80-kg bucket of water is accelerated upward by a cord of negligible mass
whose breaking strength is 75.0 N. If the bucket starts from rest, what is the
minimum time required to raise the bucket a vertical distance of 12.0 m

(4)

without breaking the cord?
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2.3.

2.4.

3.1.

3.2.

3.3.

A 4.80-kg bucket of water is accelerated upward by a cord of negligible mass
whose breaking strength is 75.0 N. If the bucket starts from rest, what is the
minimum time required to raise the bucket a vertical distance of 12.0 m (5)
without breaking the cord?

A projectile is launched at an angle of 30° and lands 20 s later at the same

height as it was launched.

2.4.1. What is the initial speed of the projectile? )
2.4.2. What is the maximum altitude? (3)
2.4.3. What is the range? 3)
[20]
QUESTION 3 [20 Marks]

State the following:

3.1.1. The law of conservation of momentum states. 2)

3.1.2. The conservation of energy principle state )

Consider two objects of masses m, and m, interacting; the force that object
2 applies to object 1 is equal in magnitude and opposite in direction to the
force that object 1 applies on object 2. Show that

d ., . (6)
&(‘M*‘PZ) =0

Train cars are coupled together by being bumped into one another (Figure

1). Suppose two loaded train cars are moving toward one another, the first
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having a mass of 1.50 x 10° kg and a velocity of (0.30 m/s)i, and the second

having a mass of 1.10 x 10% kg and a velocity of —(0.12 m/s)i. What is their
final velocity?

v, = (0.30 mis)i Vo= 0128 g

Figure 1
3.4. Calculate the average force a 60.0-kg sprinter exerts backward on the track
to accelerate from 2.00 to 8.00 m/s in a distance of 25.0 m, if he encounters (5)
a headwind that exerts an average force of 30.0 N against him.
[20]
QUESTION 4 [20 Marks]
4.1. State Kepler's second law (2)
4.2. Differentiate between center of mass and center of gravity. (5)

4.3. Evaluate the magnitude of gravitational force between two 5kg (3)

spherical steel balls separated by a center-to-center distance of 15 cm.

44. An average-sized asteroid located 5.0 x 107 km from Earth with mass
2.0 x 10"3 kg is detected headed directly toward Earth with speed of 2.0

(10)
km/s. What will its speed be just before it hits our atmosphere?

[20]
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5.1.

5.2.

5.3.

2.4,

QUESTION 5 [20 marks]

Briefly describe the buoyant force.

(4)

Consider an incompressible fluid flowing through a pipe that has a varying

diameter and height, as shown in Figure 2.

FLOW

¥a

Figure 2.

Show that the Bernoulli’s equation is given by

1, 1,
P1 +”2“PV1 + pPgy1 =P2+‘2‘PV2 + PgY2-

(8)

A trash compactor can compress its contents to 0.350 times their original (4)

volume. Neglecting the mass of air expelled, by what factor is the density

of the rubbish increased?

A dam in Figure 3 is used to hold back a river. The dam has a height H =

12 m and a width W = 10 m. Assume that the density of the wateris p =

1000 kg/m?3. Determine the net force on the dam.
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Figure 3

[20]

Formulae Sheet

e ford 1 2 2 2 .
x =x5+Vt; V=vy + at; x=x0+v0t+~2—at; vZ = v§ + 2alx — xp);

3
a.==; p=mvV; W=mg W=F.s W=K,—K =AK; T=2TE\/GTME: -

—2mg
Weray = Fs = F(y, —y2) =mgy; —mgyas Ve = "——k—-—:

pAhg FL
P="ro + A = Po 4 phg, A1V1 = AZVZ; n= a

daw L1 , 1 , , 1 »
T ] =mAV,  mmuVp = S MV + 5 MeVss;

d 2 2 2

2 mms G Mg
MyVa1 + MpVpy = Malyz + MpVps; F1z = G'“'—r;_ T12; Vorbit = -
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F,  Va _ mu/pp

2GM K
Vesc = =4 — == =
eS¢ R " Ay Ay Vouj Mopj/Pobj

Physical Constants

Gravitational acceleration on Earth 9.81m/s?
Gravitational acceleration in Moon 1.625 m/g?
Gravitational acceleration in Mars 3.72076 m/s?
Gravitational acceleration in Jupiter 25.8 m/s?

gravitational constant

6.67408 x 107" N m? Kg*

Coulomb constant

8.987 x 10° N - m? /C?

Electron mass

9.1 103 kg

Elementary charge

1.602 x 107 C

Planck’s constani

6.626 x 1074 J - s

Speed of light in vacuum

2.997 x 10° m/s

Mass of Earth

5.97 x 10%* kg

Mass of the Moon

7.36 x 102 kg

Mass of the Sun

1.99 x 109 kg

Mass of Jupiter

1.898 x 10?7 kg

Radius of Earth

6,371.0088 km
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