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1.1.

1.2.

1.3.

1.4.

1.5.

QUESTION 1 [20 Marks]
Name and discuss the five vector relations. (5)

Three dogs are pulling on a stick in different directions as shown in Figure
1. The first dog pulls with force F; = (10,07 — 20.47 + 2.0k ), the second dog
pulls with force E, = (~15.07 ~ 6.2k), and the third dog pulls with force F; =
(5.07 + 12.57). Find the angle between F, and F,.

(5)
Figure 1

Differentiate between kinematics and dynamics. (2)
A bird is flying due east. lis distance from a tall building is given by x(t) =
28.0m + (12.4m/s)t — (0.0450 m/s?)t3. What is the instantaneous velocity .
of the bird when t = 8.00s? @
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. )
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2.1.

2.2.

2.3.

24,

2.5.

3.1.

QUESTION 2 [20 Marks]

State Newton’s second law of motion.

A particle has a position function 2(t) = cos(1.0t)i + sin(1.0t)j + tk, where

the arguments of the cosine and sine functions are in radians.

a) What is the velocity vector?

b) What is the acceleration vector?

A particle’s acceleration is (4.0f + 3.0)) m/s?. At t = 0, its position and

velocity are zero.

2.3.1. What are the particle’s position and velocity as functions of time?
2.3.2. Find the equation of the path of the particle.

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

without breaking the cord?

A particle travels in a circle of radius 10 m at a constant speed of 20 m/s.

What is the magnitude of the acceleration?

QUESTION 3 [20 Marks]
State the following:

3.1.1. Impulse-momentum thecrem
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(4)
(2)

(5)

(3)
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3.2.

3.3.

3.4.

3.1.2. Work-Energy Theorem (2)

Consider a particle with mass m moving along the x-axis under the action of
a constant net force with magnitude F directed along the positive x-axis
(Figure 2). Suppose the speed changes from v; to v, while the particle

undergoes a displacement s = x, — x; from point x4 10 x,.

Speed v, N
| Net force F

X
——
Xq S X
Figure 2 (6)
Show that
W — Kz haad K1

Calculate the final speed of a 110-kg rugby player who is initially running at

8.00 m/s but collides head-on with a padded goalpost and experiences a

backward force of 1.76 x 104 N for 5.50 x 107%s . ®)
Calculate the work done by an 85,0-kg man who pushes a crate 4.00 m up
along a ramp that makes an angle of 20.0° with the horizontal as shown in
Figure 3 below. He exerts a force of 500 N on the crate parallel to the ramp
and moves at a constant speed. Be certain to include the work he does on (5)

the crate and on his body to get up the ramp.
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4.1.

4.2.

4.3.

4.4.

4.5.

Figure 3

[20]
QUESTION 4 [20 Marks]
State Kepler’s first law (2)
State the conditions of static equilibrium in words and in formulae. (4)
Show that the kinetic energy for a circular orbit is give as
mMg (5)

K=G e

Determine the orbital radius of an Earth satellite having a period of 1.00 h? (4}

4.5.1. Calculate the gravitational force exerted on a 4.20-kg baby by a 100-

2
kg father 0.2 m away at birth. @
4.5.2. Calculate the force on the baby due to Jupiter if it is at its closest (3

distance to Earth, some 6.29 x 107t m away.

[20]
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5.1.

5.2.

5.3.

54.

QUESTION 5 [20 Marks]
State the following:

5.1.1. State Pascal’s principle (2)
5.1.2. Archimedes’ principle (2)

Consider an incompressible fluid flowing through a pipe that has a

varying diameter and height, as shown in Figure 4.

FLOW

Figure 4.

Show that the Bernoulli’s equation is given by (8)

1, 1,
P1 +§PV1 + pgy1 = P2+§PV2 + pgy2.

What force must be exerted on the master cylinder of a hydraulic lift to
support the weight of a 2000-kg car resting on a second cylinder? The
master cylinder has a 2.00-cm diameter and the second cylinder has a (3)
24 .0-cm diameter.

What is the pressure drop due to the Bernoulli Effect as water goes into

a 3.00-cm-diameter nozzle from a 9.00-cm-diameter fire hose while

(5)
carrying a flow of 40.0 L/s?

[20]
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Fermulae Sheet
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Physical Constants
Gravitational acceleration on Earth 9.81m/s?
Gravitational acceleration in Moon 1.625 m/s?
Gravitational acceleration in Mars 3.72076 m/s?
Gravitational acceleration in Jupiter 25.8 m/s?
gravitational constant 6.67408 x 100" N m?* Kg2
Coulomb constant 8.987 x 10° N - m? /(2
Electron mass 9.1x 103 kg
Elementary charge 1.602x1071°C
Planck’s constant 6.626 x 10734 - s
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Speed of light in vacuum

2.997 x 108 m/s

Mass of Earth

5.97 x 10%* kg

Mass of the Moon

7.36 x 10% kg

Mass of the Sun

1.99 x 10%0 kg

Mass of Jupiter

1.898 x 10?7 kg

Radius of Earth

6,371.0088 km

Group =p ] Zz 3 4

Period

1
H

13

14

15

17

2

3

> 2

« BE|T
7

PHY 111 EXAMINATION

2023




