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Chapter 4

Gravity and Mechanical Energy -

Grade 10

4.1 Weight

Weight is the gravitational force that the Earth exerts on any object. The weight of an objects
gives you an indication of how strongly the Earth attracts that body towards its centre. Weight
is calculated as follows:

Weight = mg

where m = mass of the object (in kg)
and g = the acceleration due to gravity (9,8 m·s−2)

For example, what is Sarah’s weight if her mass is 50 kg. Sarah’s
weight is calculated according to:

Weight = mg

= (50 kg)(9,8 m · s−2)

= 490 kg · m · s−2

= 490 N

Important: Weight is sometimes abbreviated as Fg which refers to the force of gravity. Do
not use the abbreviation ’W’ for weight as it refers to ’Work’.

Now, we have said that the value of g is approximately 9,8 m·s−2on the surface of the Earth.
The actual value varies slightly over the surface of the Earth. Each planet in our Solar System
has its own value for g. These values are listed as multiples of g on Earth in Table 4.1

Worked Example 15: Determining mass and weight on other planets

Question: Sarah’s mass on Earth is 50 kg. What is her mass and weight on Mars?
Answer

Step 1 : Determine what information is given and what is asked

m (on Earth) = 50 kg
m (on Mars) = ?
Weight (on Mars) = ?
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Planet Gravitational Acceleration
(multiples of g on Earth)

Mercury 0.376
Venus 0.903
Earth 1
Mars 0.38
Jupiter 2.34
Saturn 1.16
Uranus 1.15
Neptune 1.19
Pluto 0.066

Table 4.1: A list of the gravitational accelerations at the surfaces of each of the planets in our
solar system. Values are listed as multiples of g on Earth. Note: The ”surface” is taken to
mean the cloud tops of the gas giants (Jupiter, Saturn, Uranus and Neptune).

Step 2 : Calculate her mass on Mars

Sarah’s mass does not change because she is still made up of the same amount of
matter. Her mass on Mars is therefore 50 kg.

Step 3 : Calculate her weight on Mars

Sarah′s weight = 50 × 0,38 × 9,8

= 186,2 N

4.1.1 Differences between Mass and Weight

Mass is measured in kilograms (kg) and is the amount of matter in an object. An object’s mass
does not change unless matter is added or removed from the object.

The differences between mass and weight can be summarised in the following table:

Mass Weight

1. is a measure of how many
molecules there are in an object.

1. is the force with which the
Earth attracts an object.

2. is measured in kilograms. 2. is measured in newtons
3. is the same on any planet. 3. is different on different planets.
4. is a scalar. 4. is a vector.

Exercise: Weight

1. A bag of sugar has a mass of 1 kg. How much does it weigh:

(a) on Earth?

(b) on Jupiter?

(c) on Pluto?

2. Neil Armstrong was the first man to walk on the surface of the Moon. The
gravitational acceleration on the Moon is 1

6 of the gravitational acceleration on
Earth, and there is no gravitational acceleration in outer space. If Neil’s mass
was 90 kg, what was his weight:

(a) on Earth?
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(b) on the Moon?

(c) in outer space?

3. A monkey has a mass of 15 kg on Earth. The monkey travels to Mars. What
is his mass and weight on Mars?

4. Determine your mass by using a bathroom scale and calculate your weight for
each planet in the Solar System, using the values given in Table 4.1

4.2 Acceleration due to Gravity

4.2.1 Gravitational Fields

A field is a region of space in which a mass experiences a force. Therefore, a gravitational field
is a region of space in which a mass experiences a gravitational force.

4.2.2 Free fall

Important: Free fall is motion in the Earth’s gravitational field when no other forces act
on the object.

Free fall is the term used to describe a special kind of motion in the Earth’s gravitational field.
Free fall is motion in the Earth’s gravitational field when no other forces act on the object. It
is basically an ideal situation, since in reality, there is always some air friction which slows down
the motion.

Activity :: Experiment : Acceleration due to Gravity

Aim: Investigating the acceleration of two different objects during free fall.
Apparatus: Tennis ball and a sheet of A4 paper.
Method:

1. Hold the tennis ball and sheet of paper (horizontally) the same distance from
the ground. Which one would strike the ground first if both were dropped?

b

2. Drop both objects and observe. Explain your observations.

3. Now crumple the paper into a ball, more or less the same size as the tennis ball.
Drop the paper and tennis ball again and observe. Explain your observations.

4. Why do you think the two situations are different?

5. Compare the value for the acceleration due to gravity of the tennis ball to the
crumpled piece of paper.

6. Predict what will happen if an iron ball and a tennis ball of the same size are
dropped from the same height. What will the values for their acceleration due
to gravity be?
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If a metal ball and tennis ball (of the same size) were dropped from the same height, both would
reach the ground at the same time. It does not matter that the one ball is heavier than the
other. The acceleration of an object due to gravity is independent of the mass of the object. It
does not matter what the mass of the object is.

The shape of the object, however, is important. The sheet of paper took much longer to reach
the ground than the tennis ball. This is because the effect of air friction on the paper was much
greater than the air friction on the tennis ball.

If we lived in a world where there was no air resistance, the A4 sheet of paper and the tennis
ball would reach the ground at the same time. This happens in outer space or in a vaccuum.

Galileo Galilei, an Italian scientist, studied the motion of objects. The following case study will
tell you more about one of his investigations.

Activity :: Case Study : Galileo Galilei

In the late sixteenth century, it was generally believed that heavier objects would
fall faster than lighter objects. The Italian scientist Galileo Galilei thought differently.
Galileo hypothesized that two objects would fall at the same rate regardless of their
mass. Legend has it that in 1590, Galileo planned out an experiment. He climbed
to the top of the Leaning Tower of Pisa and dropped several large objects to test his
theory. He wanted to show that two different objects fall at the same rate (as long
as we ignore air resistance). Galileo’s experiment proved his hypothesis correct; the
acceleration of a falling object is independent of the object’s mass.

A few decades after Galileo, Sir Isaac Newton would show that acceleration
depends upon both force and mass. While there is greater force acting on a larger
object, this force is canceled out by the object’s greater mass. Thus two objects will
fall (actually they are pulled) to the earth at exactly the same rate.

Questions: Read the case study above and answer the following questions.

1. Divide into pairs and explain Galileo’s experiment to your friend.

2. Write down an aim and a hypothesis for Galileo’s experiment.

3. Write down the result and conclusion for Galileo’s experiment.

Activity :: Research Project : Experimental Design

Design an experiment similar to the one done by Galileo to prove that the ac-
celeration due to gravity of an object is independent of the object’s mass. The
investigation must be such that you can perform it at home or at school. Bring
your apparatus to school and perform the experiment. Write it up and hand it in for
assessment.
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Activity :: Case Study : Determining the acceleration due to gravity 1
Study the set of photographs alongside and
answer the following questions:

1. Determine the time between each picture
if the frequency of the exposures were 10
Hz.

2. Determine the distance between each pic-
ture.

3. Calculate the velocity of the ball between
pictures 1 and 3.

v =
x3 − x1

t3 − t1

4. Calculate the velocity of the ball between
pictures 4 and 6.

5. Calculate the acceleration the ball between
pictures 2 and 5.

a =
v5 − v2

t5 − t2

6. Compare your answer to the value for the
acceleration due to gravity (9,8 m·s−2).

t = 0 s

The acceleration due to gravity is constant. This means we can use the equations of motion
under constant acceleration that we derived in Chapter 3 (on Page 23) to describe the motion
of an object in free fall. The equations are repeated here for ease of use.

vi = initial velocity (m·s−1) at t = 0 s

vf = final velocity (m·s−1) at time t

∆x = displacement (m)

t = time (s)

∆t = time interval (s)

g = acceleration (m·s−2)

vf = vi + gt (4.1)

∆x =
(vi + vf )

2
t (4.2)

∆x = vit +
1

2
gt2 (4.3)

v2
f = v2

i + 2g∆x (4.4)

Activity :: Experiment : Determining the acceleration due to gravity 2

Work in groups of at least two people.
Aim: To determine the acceleration of an object in freefall.
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Apparatus: Large marble, two stopwatches, measuring tape.
Method:

1. Measure the height of a door, from the top of the door to the floor, exactly.
Write down the measurement.

2. One person must hold the marble at the top of the door. Drop the marble to
the floor at the same time as he/she starts the first stopwatch.

3. The second person watches the floor and starts his stopwatch when the marble
hits the floor.

4. The two stopwatches are stopped together and the two times substracted. The
difference in time will give the time taken for the marble to fall from the top
of the door to the floor.

5. Design a table to show the results of your experiment. Choose appropriate
headings and units.

6. Choose an appropriate equation of motion to calculate the acceleration of the
marble. Remember that the marble starts from rest and that it’s displacement
was determined in the first step.

7. Write a conclusion for your investigation.

8. Answer the following questions:

(a) Why do you think two stopwatches were used in this investigation?

(b) Compare the value for acceleration obtained in your investigation with the
value of acceleration due to gravity (9,8 m·s−2). Explain your answer.

Worked Example 16: A freely falling ball

Question: A ball is dropped from the balcony of a tall building. The balcony is
15 m above the ground. Assuming gravitational acceleration is 9,8 m·s−2, find:

1. the time required for the ball to hit the ground, and

2. the velocity with which it hits the ground.

Answer

Step 1 : Draw a rough sketch of the problem

It always helps to understand the problem if we draw a picture like the one below:

balcony

ground

∆x

vf

vi g

Step 2 : Identify what information is given and what is asked for

We have these quantities:

∆x = 15 m

vi = 0 m · s−1

g = 9,8 m · s−2
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Step 3 : Choose up or down as the positive direction

Since the ball is falling, we choose down as positive. This means that the values for
vi ∆x and a will be positive.
Step 4 : Choose the most appropriate equation.

We can use equation 21.3 to find the time: ∆x = vit + 1
2gt2

Step 5 : Use the equation to find t.

∆x = vit +
1

2
gt2

15 = (0)t +
1

2
(9,8)(t)2

15 = 4,9 t2

t2 = 3.0612...

t = 1,7496...

t = 1,75 s

Step 6 : Find the final velocity vf .

Using equation 21.1 to find vf :

vf = vi + gt

vf = 0 + (9,8)(1,7496...)

vf = 17,1464...

Remember to add the direction: vf = 17,15 m·s−1downwards.

By now you should have seen that free fall motion is just a special case of motion with constant
acceleration, and we use the same equations as before. The only difference is that the value for
the acceleration, a, is always equal to the value of gravitational acceleration, g. In the equations
of motion we can replace a with g.

Exercise: Gravitational Acceleration

1. A brick falls from the top of a 5 m high building. Calculate the velocity with
which the brick reaches the ground. How long does it take the brick to reach
the ground?

2. A stone is dropped from a window. It takes the stone 1,5 seconds to reach the
ground. How high above the ground is the window?

3. An apple falls from a tree from a height of 1,8 m. What is the velocity of the
apple when it reaches the ground?

4.3 Potential Energy

The potential energy of an object is generally defined as the energy an object has because of
its position relative to other objects that it interacts with. There are different kinds of potential
energy such as gravitional potential energy, chemical potential energy, electrical potential energy,
to name a few. In this section we will be looking at gravitational potential energy.
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Definition: Potential energy

Potential energy is the energy an object has due to its position or state.

Gravitational potential energy is the energy of an object due to its position above the surface of
the Earth. The symbol PE is used to refer to gravitational potential energy. You will often find
that the words potential energy are used where gravitational potential energy is meant. We can
define potential energy (or gravitational potential energy, if you like) as:

PE = mgh (4.5)

where PE = potential energy measured in joules (J)
m = mass of the object (measured in kg)
g = gravitational acceleration (9,8 m·s−2)
h = perpendicular height from the reference point (measured in m)

A suitcase, with a mass of 1 kg, is placed at the top of a 2 m high cupboard. By lifting the
suitcase against the force of gravity, we give the suitcase potential energy. This potential energy
can be calculated using equation 4.5.

If the suitcase falls off the cupboard, it will lose its potential energy. Halfway down the cupboard,
the suitcase will have lost half its potential energy and will have only 9,8 J left. At the bottom
of the cupboard the suitcase will have lost all it’s potential energy and it’s potential energy will
be equal to zero.

Objects have maximum potential energy at a maximum height and will lose their potential
energy as they fall.

PE = mgh = 1 × 9,8 × 2 = 19,6 J

PE = mgh = 1 × 9,8 × 0 = 0 J

The potential energy is a maximum.

The potential energy is a minimum.

Worked Example 17: Gravitational potential energy

Question: A brick with a mass of 1 kg is lifted to the top of a 4 m high roof. It
slips off the roof and falls to the ground. Calculate the potential energy of the brick
at the top of the roof and on the ground once it has fallen.
Answer

Step 1 : Analyse the question to determine what information is provided

• The mass of the brick is m = 1 kg

• The height lifted is h = 4 m

All quantities are in SI units.
Step 2 : Analyse the question to determine what is being asked

• We are asked to find the gain in potential energy of the brick as it is lifted onto
the roof.

74



CHAPTER 4. GRAVITY AND MECHANICAL ENERGY - GRADE 10 4.4

• We also need to calculate the potential energy once the brick is on the ground
again.

Step 3 : Identify the type of potential energy involved

Since the block is being lifted we are dealing with gravitational potential energy. To
work out PE, we need to know the mass of the object and the height lifted. As
both of these are given, we just substitute them into the equation for PE.
Step 4 : Substitute and calculate

PE = mgh

= (1)(9,8)(4)

= 39,2 J

Exercise: Gravitational Potential Energy

1. Describe the relationship between an object’s gravitational potential energy and
its:

(a) mass and

(b) height above a reference point.

2. A boy, of mass 30 kg, climbs onto the roof of their garage. The roof is 2,5 m
from the ground. He now jumps off the roof and lands on the ground.

(a) How much potential energy has the boy gained by climbing on the roof?

(b) The boy now jumps down. What is the potential energy of the boy when
he is 1 m from the ground?

(c) What is the potential energy of the boy when he lands on the ground?

3. A hiker walks up a mountain, 800 m above sea level, to spend the night at the
top in the first overnight hut. The second day he walks to the second overnight
hut, 500 m above sea level. The third day he returns to his starting point, 200
m above sea level.

(a) What is the potential energy of the hiker at the first hut (relative to sea
level)?

(b) How much potential energy has the hiker lost during the second day?

(c) How much potential energy did the hiker have when he started his journey
(relative to sea level)?

(d) How much potential energy did the hiker have at the end of his journey?

4.4 Kinetic Energy

Definition: Kinetic Energy

Kinetic energy is the energy an object has due to its motion.

Kinetic energy is the energy an object has because of its motion. This means that any moving
object has kinetic energy. The faster it moves, the more kinetic energy it has. Kinetic energy
(KE) is therefore dependent on the velocity of the object. The mass of the object also plays a
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role. A truck of 2000 kg, moving at 100 km·hr−1, will have more kinetic energy than a car of
500 kg, also moving at 100 km·hr−1. Kinetic energy is defined as:

KE =
1

2
mv2 (4.6)

Consider the 1 kg suitcase on the cupboard that was discussed earlier. When the suitcase falls, it
will gain velocity (fall faster), until it reaches the ground with a maximum velocity. The suitcase
will not have any kinetic energy when it is on top of the cupboard because it is not moving.
Once it starts to fall it will gain kinetic energy, because it gains velocity. Its kinetic energy will
increase until it is a maximum when the suitcase reaches the ground.

KE = 1
2mv2 = 0 J

KE = 1
2mv2 = 19,6 J

The kinetic energy is a minimum.

The kinetic energy is a maximum.

Worked Example 18: Calculation of Kinetic Energy

Question: A 1 kg brick falls off a 4 m high roof. It reaches the ground with a
velocity of 8,85 m·s−1. What is the kinetic energy of the brick when it starts to fall
and when it reaches the ground?

Answer

Step 1 : Analyse the question to determine what information is provided

• The mass of the rock m = 1 kg

• The velocity of the rock at the bottom vbottom = 8,85 m·s−1

These are both in the correct units so we do not have to worry about unit conversions.

Step 2 : Analyse the question to determine what is being asked

We are asked to find the kinetic energy of the brick at the top and the bottom.
From the definition we know that to work out KE, we need to know the mass and
the velocity of the object and we are given both of these values.

Step 3 : Calculate the kinetic energy at the top

Since the brick is not moving at the top, its kinetic energy is zero.

Step 4 : Substitute and calculate the kinetic energy

KE =
1

2
mv2

=
1

2
(1 kg)(8,85 m · s−1)2

= 39,2 J
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4.4.1 Checking units

According to the equation for kinetic energy, the unit should be kg·m2 ·s−2. We can prove that
this unit is equal to the joule, the unit for energy.

(kg)(m · s−1)2 = (kg · m · s−2) · m

= N · m (because Force (N) = mass (kg) × acceleration (m·s−2))

= J (Work (J) = Force (N) × distance (m))

We can do the same to prove that the unit for potential energy is equal to the joule:

(kg)(m · s−2)(m) = N · m

= J

Worked Example 19: Mixing Units & Energy Calculations

Question: A bullet, having a mass of 150 g, is shot with a muzzle velocity of
960 m·s−1. Calculate its kinetic energy?
Answer

Step 1 : Analyse the question to determine what information is provided

• We are given the mass of the bullet m = 150 g. This is not the unit we want
mass to be in. We need to convert to kg.

Mass in grams÷ 1000 = Mass in kg

150 g ÷ 1000 = 0,150 kg

• We are given the initial velocity with which the bullet leaves the barrel, called
the muzzle velocity, and it is v = 960 m·s−1.

Step 2 : Analyse the question to determine what is being asked

• We are asked to find the kinetic energy.

Step 3 : Substitute and calculate

We just substitute the mass and velocity (which are known) into the equation for
kinetic energy:

KE =
1

2
mv2

=
1

2
(150)(960)2

= 69 120 J

Exercise: Kinetic Energy

1. Describe the relationship between an object’s kinetic energy and its:

(a) mass and

(b) velocity

2. A stone with a mass of 100 g is thrown up into the air. It has an initial velocity
of 3 m·s−1. Calculate its kinetic energy

(a) as it leaves the thrower’s hand.

(b) when it reaches its turning point.
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3. A car with a mass of 700 kg is travelling at a constant velocity of 100 km·hr−1.
Calculate the kinetic energy of the car.

4.5 Mechanical Energy

Important: Mechanical energy is the sum of the gravitational potential energy and the
kinetic energy.

Mechanical energy, U , is simply the sum of gravitational potential energy (PE) and the kinetic
energy (KE). Mechanical energy is defined as:

U = PE + KE (4.7)

U = PE + KE

U = mgh +
1

2
mv2 (4.8)

4.5.1 Conservation of Mechanical Energy

The Law of Conservation of Energy states:

Energy cannot be created or destroyed, but is merely changed from one form into
another.

Definition: Conservation of Energy

The Law of Conservation of Energy: Energy cannot be created or destroyed, but is merely
changed from one form into another.

So far we have looked at two types of energy: gravitational potential energy and kinetic energy.
The sum of the gravitational potential energy and kinetic energy is called the mechanical energy.
In a closed system, one where there are no external forces acting, the mechanical energy will
remain constant. In other words, it will not change (become more or less). This is called the
Law of Conservation of Mechanical Energy and it states:

The total amount of mechanical energy in a closed system remains constant.

Definition: Conservation of Mechanical Energy

Law of Conservation of Mechanical Energy: The total amount of mechanical energy in a
closed system remains constant.

This means that potential energy can become kinetic energy, or vise versa, but energy cannot
’dissappear’. The mechanical energy of an object moving in the Earth’s gravitational field (or
accelerating as a result of gravity) is constant or conserved, unless external forces, like air
resistance, acts on the object.

We can now use the conservation of mechanical energy to calculate the velocity of a body in
freefall and show that the velocity is independent of mass.
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Important: In problems involving the use of conservation of energy, the path taken by
the object can be ignored. The only important quantities are the object’s velocity (which
gives its kinetic energy) and height above the reference point (which gives its gravitational
potential energy).

Important: In the absence of friction, mechanical energy is conserved and

Ubefore = Uafter

In the presence of friction, mechanical energy is not conserved. The mechanical energy lost
is equal to the work done against friction.

∆U = Ubefore − Uafter = work done against friction

In general mechanical energy is conserved in the absence of external forces. Examples of external
forces are: applied forces, frictional forces, air resistance, tension, normal forces.

In the presence of internal forces like the force due to gravity or the force in a spring, mechanical
energy is conserved.

4.5.2 Using the Law of Conservation of Energy

Mechanical energy is conserved (in the absence of friction). Therefore we can say that the sum
of the PE and the KE anywhere during the motion must be equal to the sum of the PE and
the KE anywhere else in the motion.

We can now apply this to the example of the suitcase on the cupboard. Consider the mechanical
energy of the suitcase at the top and at the bottom. We can say:

The mechanical energy (U) at the top.

The mechanical energy will remain constant
throughout the motion and will always be a maximum.

The mechanical energy (U) at the bottom.

Utop = Ubottom

PEtop + KEtop = PEbottom + KEbottom

mgh +
1

2
mv2 = mgh +

1

2
mv2

(1)(9,8)(2) + 0 = 0 +
1

2
(1)(v2)

19,6 J =
1

2
v2

39,2 = v2

v = 6,26 m · s−1
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The suitcase will strike the ground with a velocity of 6,26 m·s−1.

From this we see that when an object is lifted, like the suitcase in our example, it gains potential
energy. As it falls back to the ground, it will lose this potential energy, but gain kinetic en-
ergy. We know that energy cannot be created or destroyed, but only changed from one form into
another. In our example, the potential energy that the suitcase loses is changed to kinetic energy.

The suitcase will have maximum potential energy at the top of the cupboard and maximum
kinetic energy at the bottom of the cupboard. Halfway down it will have half kinetic energy and
half potential energy. As it moves down, the potential energy will be converted (changed) into
kinetic energy until all the potential energy is gone and only kinetic energy is left. The 19,6 J of
potential energy at the top will become 19,6 J of kinetic energy at the bottom.

Worked Example 20: Using the Law of Conservation of Mechanical Energy

Question: During a flood a tree truck of mass 100 kg falls down a waterfall. The
waterfall is 5 m high. If air resistance is ignored, calculate

1. the potential energy of the tree trunk at the top of the waterfall.

2. the kinetic energy of the tree trunk at the bottom of the waterfall.

3. the magnitude of the velocity of the tree trunk at the bottom of the waterfall.

5 m

m = 100 kg

waterfall

Answer

Step 1 : Analyse the question to determine what information is provided

• The mass of the tree trunk m = 100 kg

• The height of the waterfall h = 5 m.
These are all in SI units so we do not have to convert.

Step 2 : Analyse the question to determine what is being asked

• Potential energy at the top

• Kinetic energy at the bottom

• Velocity at the bottom

Step 3 : Calculate the potential energy.

PE = mgh

PE = (100)(9,8)(5)

PE = 4900 J

Step 4 : Calculate the kinetic energy.

The kinetic energy of the tree trunk at the bottom of the waterfall is equal to the
potential energy it had at the top of the waterfall. Therefore KE = 4900 J.

Step 5 : Calculate the velocity.
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To calculate the velocity of the tree trunk we need to use the equation for kinetic
energy.

KE =
1

2
mv2

4900 =
1

2
(100)(v2)

98 = v2

v = 9,899...

v = 9,90 m · s−1downwards

Worked Example 21: Pendulum

Question: A 2 kg metal ball is suspended from a rope. If it is released from point
A and swings down to the point B (the bottom of its arc):

1. Show that the velocity of the ball is independent of it mass.

2. Calculate the velocity of the ball at point B.

A

B

0.5m

Answer

Step 1 : Analyse the question to determine what information is provided

• The mass of the metal ball is m = 2 kg

• The change in height going from point A to point B is h = 0,5 m

• The ball is released from point A so the velocity at point, vA = 0 m·s−1.

All quantities are in SI units.

Step 2 : Analyse the question to determine what is being asked

• Prove that the velocity is independent of mass.

• Find the velocity of the metal ball at point B.

Step 3 : Apply the Law of Conservation of Mechanical Energy to the situation

As there is no friction, mechanical energy is conserved. Therefore:

UA = UB

PEA + KEA = PEB + KEB

mghA +
1

2
m(vA)2 = mghB +

1

2
m(vB)2

mghA + 0 = 0 +
1

2
m(vB)2

mghA =
1

2
m(vB)2

As the mass of the ball m appears on both sides of the equation, it can be eliminated
so that the equation becomes:

ghA =
1

2
(vB)2
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2ghA = (vB)2

This proves that the velocity of the ball is independent of its mass. It does not
matter what its mass is, it will always have the same velocity when it falls through
this height.
Step 4 : Calculate the velocity of the ball

We can use the equation above, or do the calculation from ’first principles’:

(vB)2 = 2ghA

(vB)2 = (2)(9.8)(0,5)

(vB)2 = 9,8

vB =
√

9,8 m · s−1

Exercise: Potential Energy

1. A tennis ball, of mass 120 g, is dropped from a height of 5 m. Ignore air
friction.

(a) What is the potential energy of the ball when it has fallen 3 m?

(b) What is the velocity of the ball when it hits the ground?

2. A bullet, mass 50 g, is shot vertically up in the air with a muzzle velocity of 200
m·s−1. Use the Principle of Conservation of Mechanical Energy to determine
the height that the bullet will reach. Ignore air friction.

3. A skier, mass 50 kg, is at the top of a 6,4 m ski slope.

(a) Determine the maximum velocity that she can reach when she skies to the
bottom of the slope.

(b) Do you think that she will reach this velocity? Why/Why not?

4. A pendulum bob of mass 1,5 kg, swings from a height A to the bottom of its
arc at B. The velocity of the bob at B is 4 m·s−1. Calculate the height A from
which the bob was released. Ignore the effects of air friction.

5. Prove that the velocity of an object, in free fall, in a closed system, is indepen-
dent of its mass.

4.6 Energy graphs

Let us consider our example of the suitcase on the cupboard, once more.

Let’s look at each of these quantities and draw a graph for each. We will look at how each
quantity changes as the suitcase falls from the top to the bottom of the cupboard.

• Potential energy: The potential energy starts off at a maximum and decreases until it
reaches zero at the bottom of the cupboard. It had fallen a distance of 2 metres.

PE (J)

20

19,6

distance (m)
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The kinetic energy is zero at the top.

The kinetic energy is a maximum at the bottom

The mechanical energy will remain constant
throughout the motion and will always be a maximum.

The potential energy is a maximum at the top.

The potential energy is zero at the bottom.

• Kinetic energy: The kinetic energy is zero at the start of the fall. When the suitcase
reaches the ground, the kinetic energy is a miximum. We also use distance on the x-axis.

KE (J)

20

19,6

distance (m)

• Mechanical energy: The mechanical energy is constant throughout the motion and is
always a maximum. At any point in time, when we add the potential energy and the
kinetic energy, we will get the same number.

U (J)

20

19,6

distance (m)

4.7 Summary

• Mass is the amount of matter an object is made up of.

• Weight is the force with which the Earth attracts a body towards its centre.

• A body is in free fall if it is moving in the Earth’s gravitational field and no other forces
act on it.

• The equations of motion can be used for free fall problems. The acceleration (a) is equal
to the acceleration due to gravity (g).

• The potential energy of an object is the energy the object has due to his position above a
reference point.

• The kinetic energy of an object is the energy the object has due to its motion.

• Mechanical energy of an object is the sum of the potential energy and kinetic energy of
the object.

• The unit for energy is the joule (J).

83



4.8 CHAPTER 4. GRAVITY AND MECHANICAL ENERGY - GRADE 10

• The Law of Conservation of Energy states that energy cannot be created or destroyed, but
can only be changed from one form into another.

• The Law of Conservation of Mechanical Energy states that the total mechanical energy of
an isolated system remains constant.

• The table below summarises the most important equations:

Weight Fg = m · g

Equation of motion vf = vi + gt

Equation of motion ∆x =
(vi+vf )

2 t

Equation of motion ∆x = vit + 1
2gt2

Equation of motion v2
f = v2

i + 2g∆x

Potential Energy PE = mgh

Kinetic Energy KE = 1
2mv2

Mechanical Energy U = KE + PE

4.8 End of Chapter Exercises: Gravity and Mechanical En-

ergy

1. Give one word/term for the following descriptions.

(a) The force with which the Earth attracts a body.

(b) The unit for energy.

(c) The movement of a body in the Earth’s gravitational field when no other forces act
on it.

(d) The sum of the potential and kinetic energy of a body.

(e) The amount of matter an object is made up of.

2. Consider the situation where an apple falls from a tree. Indicate whether the following
statements regarding this situation are TRUE or FALSE. Write only ’true’ or ’false’. If the
statement is false, write down the correct statement.

(a) The potential energy of the apple is a maximum when the apple lands on the ground.

(b) The kinetic energy remains constant throughout the motion.

(c) To calculate the potential energy of the apple we need the mass of the apple and the
height of the tree.

(d) The mechanical energy is a maximum only at the beginning of the motion.

(e) The apple falls at an acceleration of 9,8 m·s−2.

3. [IEB 2005/11 HG] Consider a ball dropped from a height of 1 m on Earth and an identical
ball dropped from 1 m on the Moon. Assume both balls fall freely. The acceleration due
to gravity on the Moon is one sixth that on Earth. In what way do the following compare
when the ball is dropped on Earth and on the Moon.

Mass Weight Increase in kinetic energy

(a) the same the same the same
(b) the same greater on Earth greater on Earth
(c) the same greater on Earth the same
(d) greater on Earth greater on Earth greater on Earth

4. A man fires a rock out of a slingshot directly upward. The rock has an initial velocity of
15 m·s−1.

(a) How long will it take for the rock to reach its highest point?

(b) What is the maximum height that the rock will reach?

(c) Draw graphs to show how the potential energy, kinetic energy and mechanical energy
of the rock changes as it moves to its highest point.
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5. A metal ball of mass 200 g is tied to a light string to make a pendulum. The ball is pulled
to the side to a height (A), 10 cm above the lowest point of the swing (B). Air friction
and the mass of the string can be ignored. The ball is let go to swing freely.

(a) Calculate the potential energy of the ball at point A.

(b) Calculate the kinetic energy of the ball at point B.

(c) What is the maximum velocity that the ball will reach during its motion?

6. A truck of mass 1,2 tons is parked at the top of a hill, 150 m high. The truck driver lets
the truck run freely down the hill to the bottom.

(a) What is the maximum velocity that the truck can achieve at the bottom of the hill?

(b) Will the truck achieve this velocity? Why/why not?

7. A stone is dropped from a window, 3 metres above the ground. The mass of the stone is
25 grams.

(a) Use the Equations of Motion to calculate the velocity of the stone as it reaches the
ground.

(b) Use the Principle of Conservation of Energy to prove that your answer in (a) is correct.
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Appendix A

GNU Free Documentation License

Version 1.2, November 2002
Copyright c© 2000,2001,2002 Free Software Foundation, Inc.
59 Temple Place, Suite 330, Boston, MA 02111-1307 USA
Everyone is permitted to copy and distribute verbatim copies of this license document, but
changing it is not allowed.

PREAMBLE

The purpose of this License is to make a manual, textbook, or other functional and useful
document “free” in the sense of freedom: to assure everyone the effective freedom to copy and
redistribute it, with or without modifying it, either commercially or non-commercially.
Secondarily, this License preserves for the author and publisher a way to get credit for their
work, while not being considered responsible for modifications made by others.

This License is a kind of “copyleft”, which means that derivative works of the document must
themselves be free in the same sense. It complements the GNU General Public License, which
is a copyleft license designed for free software.

We have designed this License in order to use it for manuals for free software, because free
software needs free documentation: a free program should come with manuals providing the
same freedoms that the software does. But this License is not limited to software manuals; it
can be used for any textual work, regardless of subject matter or whether it is published as a
printed book. We recommend this License principally for works whose purpose is instruction or
reference.

APPLICABILITY AND DEFINITIONS

This License applies to any manual or other work, in any medium, that contains a notice placed
by the copyright holder saying it can be distributed under the terms of this License. Such a
notice grants a world-wide, royalty-free license, unlimited in duration, to use that work under
the conditions stated herein. The “Document”, below, refers to any such manual or work. Any
member of the public is a licensee, and is addressed as “you”. You accept the license if you
copy, modify or distribute the work in a way requiring permission under copyright law.

A “Modified Version” of the Document means any work containing the Document or a portion
of it, either copied verbatim, or with modifications and/or translated into another language.

A “Secondary Section” is a named appendix or a front-matter section of the Document that
deals exclusively with the relationship of the publishers or authors of the Document to the
Document’s overall subject (or to related matters) and contains nothing that could fall directly
within that overall subject. (Thus, if the Document is in part a textbook of mathematics, a
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Secondary Section may not explain any mathematics.) The relationship could be a matter of
historical connection with the subject or with related matters, or of legal, commercial,
philosophical, ethical or political position regarding them.

The “Invariant Sections” are certain Secondary Sections whose titles are designated, as being
those of Invariant Sections, in the notice that says that the Document is released under this
License. If a section does not fit the above definition of Secondary then it is not allowed to be
designated as Invariant. The Document may contain zero Invariant Sections. If the Document
does not identify any Invariant Sections then there are none.

The “Cover Texts” are certain short passages of text that are listed, as Front-Cover Texts or
Back-Cover Texts, in the notice that says that the Document is released under this License. A
Front-Cover Text may be at most 5 words, and a Back-Cover Text may be at most 25 words.

A “Transparent” copy of the Document means a machine-readable copy, represented in a
format whose specification is available to the general public, that is suitable for revising the
document straightforwardly with generic text editors or (for images composed of pixels) generic
paint programs or (for drawings) some widely available drawing editor, and that is suitable for
input to text formatters or for automatic translation to a variety of formats suitable for input to
text formatters. A copy made in an otherwise Transparent file format whose markup, or
absence of markup, has been arranged to thwart or discourage subsequent modification by
readers is not Transparent. An image format is not Transparent if used for any substantial
amount of text. A copy that is not “Transparent” is called “Opaque”.

Examples of suitable formats for Transparent copies include plain ASCII without markup,
Texinfo input format, LATEX input format, SGML or XML using a publicly available DTD and
standard-conforming simple HTML, PostScript or PDF designed for human modification.
Examples of transparent image formats include PNG, XCF and JPG. Opaque formats include
proprietary formats that can be read and edited only by proprietary word processors, SGML or
XML for which the DTD and/or processing tools are not generally available, and the
machine-generated HTML, PostScript or PDF produced by some word processors for output
purposes only.

The “Title Page” means, for a printed book, the title page itself, plus such following pages as
are needed to hold, legibly, the material this License requires to appear in the title page. For
works in formats which do not have any title page as such, “Title Page” means the text near
the most prominent appearance of the work’s title, preceding the beginning of the body of the
text.

A section “Entitled XYZ” means a named subunit of the Document whose title either is
precisely XYZ or contains XYZ in parentheses following text that translates XYZ in another
language. (Here XYZ stands for a specific section name mentioned below, such as
“Acknowledgements”, “Dedications”, “Endorsements”, or “History”.) To “Preserve the Title”
of such a section when you modify the Document means that it remains a section “Entitled
XYZ” according to this definition.

The Document may include Warranty Disclaimers next to the notice which states that this
License applies to the Document. These Warranty Disclaimers are considered to be included by
reference in this License, but only as regards disclaiming warranties: any other implication that
these Warranty Disclaimers may have is void and has no effect on the meaning of this License.

VERBATIM COPYING

You may copy and distribute the Document in any medium, either commercially or
non-commercially, provided that this License, the copyright notices, and the license notice
saying this License applies to the Document are reproduced in all copies, and that you add no
other conditions whatsoever to those of this License. You may not use technical measures to
obstruct or control the reading or further copying of the copies you make or distribute.
However, you may accept compensation in exchange for copies. If you distribute a large enough
number of copies you must also follow the conditions in section A.
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You may also lend copies, under the same conditions stated above, and you may publicly
display copies.

COPYING IN QUANTITY

If you publish printed copies (or copies in media that commonly have printed covers) of the
Document, numbering more than 100, and the Document’s license notice requires Cover Texts,
you must enclose the copies in covers that carry, clearly and legibly, all these Cover Texts:
Front-Cover Texts on the front cover, and Back-Cover Texts on the back cover. Both covers
must also clearly and legibly identify you as the publisher of these copies. The front cover must
present the full title with all words of the title equally prominent and visible. You may add
other material on the covers in addition. Copying with changes limited to the covers, as long as
they preserve the title of the Document and satisfy these conditions, can be treated as
verbatim copying in other respects.

If the required texts for either cover are too voluminous to fit legibly, you should put the first
ones listed (as many as fit reasonably) on the actual cover, and continue the rest onto adjacent
pages.

If you publish or distribute Opaque copies of the Document numbering more than 100, you
must either include a machine-readable Transparent copy along with each Opaque copy, or
state in or with each Opaque copy a computer-network location from which the general
network-using public has access to download using public-standard network protocols a
complete Transparent copy of the Document, free of added material. If you use the latter
option, you must take reasonably prudent steps, when you begin distribution of Opaque copies
in quantity, to ensure that this Transparent copy will remain thus accessible at the stated
location until at least one year after the last time you distribute an Opaque copy (directly or
through your agents or retailers) of that edition to the public.

It is requested, but not required, that you contact the authors of the Document well before
redistributing any large number of copies, to give them a chance to provide you with an
updated version of the Document.

MODIFICATIONS

You may copy and distribute a Modified Version of the Document under the conditions of
sections A and A above, provided that you release the Modified Version under precisely this
License, with the Modified Version filling the role of the Document, thus licensing distribution
and modification of the Modified Version to whoever possesses a copy of it. In addition, you
must do these things in the Modified Version:

1. Use in the Title Page (and on the covers, if any) a title distinct from that of the
Document, and from those of previous versions (which should, if there were any, be listed
in the History section of the Document). You may use the same title as a previous
version if the original publisher of that version gives permission.

2. List on the Title Page, as authors, one or more persons or entities responsible for
authorship of the modifications in the Modified Version, together with at least five of the
principal authors of the Document (all of its principal authors, if it has fewer than five),
unless they release you from this requirement.

3. State on the Title page the name of the publisher of the Modified Version, as the
publisher.

4. Preserve all the copyright notices of the Document.

5. Add an appropriate copyright notice for your modifications adjacent to the other
copyright notices.
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6. Include, immediately after the copyright notices, a license notice giving the public
permission to use the Modified Version under the terms of this License, in the form
shown in the Addendum below.

7. Preserve in that license notice the full lists of Invariant Sections and required Cover Texts
given in the Document’s license notice.

8. Include an unaltered copy of this License.

9. Preserve the section Entitled “History”, Preserve its Title, and add to it an item stating
at least the title, year, new authors, and publisher of the Modified Version as given on
the Title Page. If there is no section Entitled “History” in the Document, create one
stating the title, year, authors, and publisher of the Document as given on its Title Page,
then add an item describing the Modified Version as stated in the previous sentence.

10. Preserve the network location, if any, given in the Document for public access to a
Transparent copy of the Document, and likewise the network locations given in the
Document for previous versions it was based on. These may be placed in the “History”
section. You may omit a network location for a work that was published at least four
years before the Document itself, or if the original publisher of the version it refers to
gives permission.

11. For any section Entitled “Acknowledgements” or “Dedications”, Preserve the Title of the
section, and preserve in the section all the substance and tone of each of the contributor
acknowledgements and/or dedications given therein.

12. Preserve all the Invariant Sections of the Document, unaltered in their text and in their
titles. Section numbers or the equivalent are not considered part of the section titles.

13. Delete any section Entitled “Endorsements”. Such a section may not be included in the
Modified Version.

14. Do not re-title any existing section to be Entitled “Endorsements” or to conflict in title
with any Invariant Section.

15. Preserve any Warranty Disclaimers.

If the Modified Version includes new front-matter sections or appendices that qualify as
Secondary Sections and contain no material copied from the Document, you may at your
option designate some or all of these sections as invariant. To do this, add their titles to the
list of Invariant Sections in the Modified Version’s license notice. These titles must be distinct
from any other section titles.

You may add a section Entitled “Endorsements”, provided it contains nothing but endorsements
of your Modified Version by various parties–for example, statements of peer review or that the
text has been approved by an organisation as the authoritative definition of a standard.

You may add a passage of up to five words as a Front-Cover Text, and a passage of up to 25
words as a Back-Cover Text, to the end of the list of Cover Texts in the Modified Version.
Only one passage of Front-Cover Text and one of Back-Cover Text may be added by (or
through arrangements made by) any one entity. If the Document already includes a cover text
for the same cover, previously added by you or by arrangement made by the same entity you
are acting on behalf of, you may not add another; but you may replace the old one, on explicit
permission from the previous publisher that added the old one.

The author(s) and publisher(s) of the Document do not by this License give permission to use
their names for publicity for or to assert or imply endorsement of any Modified Version.

COMBINING DOCUMENTS

You may combine the Document with other documents released under this License, under the
terms defined in section A above for modified versions, provided that you include in the
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combination all of the Invariant Sections of all of the original documents, unmodified, and list
them all as Invariant Sections of your combined work in its license notice, and that you
preserve all their Warranty Disclaimers.

The combined work need only contain one copy of this License, and multiple identical Invariant
Sections may be replaced with a single copy. If there are multiple Invariant Sections with the
same name but different contents, make the title of each such section unique by adding at the
end of it, in parentheses, the name of the original author or publisher of that section if known,
or else a unique number. Make the same adjustment to the section titles in the list of Invariant
Sections in the license notice of the combined work.

In the combination, you must combine any sections Entitled “History” in the various original
documents, forming one section Entitled “History”; likewise combine any sections Entitled
“Acknowledgements”, and any sections Entitled “Dedications”. You must delete all sections
Entitled “Endorsements”.

COLLECTIONS OF DOCUMENTS

You may make a collection consisting of the Document and other documents released under
this License, and replace the individual copies of this License in the various documents with a
single copy that is included in the collection, provided that you follow the rules of this License
for verbatim copying of each of the documents in all other respects.

You may extract a single document from such a collection, and distribute it individually under
this License, provided you insert a copy of this License into the extracted document, and follow
this License in all other respects regarding verbatim copying of that document.

AGGREGATION WITH INDEPENDENT WORKS

A compilation of the Document or its derivatives with other separate and independent
documents or works, in or on a volume of a storage or distribution medium, is called an
“aggregate” if the copyright resulting from the compilation is not used to limit the legal rights
of the compilation’s users beyond what the individual works permit. When the Document is
included an aggregate, this License does not apply to the other works in the aggregate which
are not themselves derivative works of the Document.

If the Cover Text requirement of section A is applicable to these copies of the Document, then
if the Document is less than one half of the entire aggregate, the Document’s Cover Texts may
be placed on covers that bracket the Document within the aggregate, or the electronic
equivalent of covers if the Document is in electronic form. Otherwise they must appear on
printed covers that bracket the whole aggregate.

TRANSLATION

Translation is considered a kind of modification, so you may distribute translations of the
Document under the terms of section A. Replacing Invariant Sections with translations requires
special permission from their copyright holders, but you may include translations of some or all
Invariant Sections in addition to the original versions of these Invariant Sections. You may
include a translation of this License, and all the license notices in the Document, and any
Warranty Disclaimers, provided that you also include the original English version of this License
and the original versions of those notices and disclaimers. In case of a disagreement between
the translation and the original version of this License or a notice or disclaimer, the original
version will prevail.

If a section in the Document is Entitled “Acknowledgements”, “Dedications”, or “History”, the
requirement (section A) to Preserve its Title (section A) will typically require changing the
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actual title.

TERMINATION

You may not copy, modify, sub-license, or distribute the Document except as expressly provided
for under this License. Any other attempt to copy, modify, sub-license or distribute the
Document is void, and will automatically terminate your rights under this License. However,
parties who have received copies, or rights, from you under this License will not have their
licenses terminated so long as such parties remain in full compliance.

FUTURE REVISIONS OF THIS LICENSE

The Free Software Foundation may publish new, revised versions of the GNU Free
Documentation License from time to time. Such new versions will be similar in spirit to the
present version, but may differ in detail to address new problems or concerns. See
http://www.gnu.org/copyleft/.

Each version of the License is given a distinguishing version number. If the Document specifies
that a particular numbered version of this License “or any later version” applies to it, you have
the option of following the terms and conditions either of that specified version or of any later
version that has been published (not as a draft) by the Free Software Foundation. If the
Document does not specify a version number of this License, you may choose any version ever
published (not as a draft) by the Free Software Foundation.

ADDENDUM: How to use this License for your documents

To use this License in a document you have written, include a copy of the License in the
document and put the following copyright and license notices just after the title page:

Copyright c© YEAR YOUR NAME. Permission is granted to copy, distribute and/or
modify this document under the terms of the GNU Free Documentation License,
Version 1.2 or any later version published by the Free Software Foundation; with no
Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts. A copy of the
license is included in the section entitled “GNU Free Documentation License”.

If you have Invariant Sections, Front-Cover Texts and Back-Cover Texts, replace the
“with...Texts.” line with this:

with the Invariant Sections being LIST THEIR TITLES, with the Front-Cover Texts being
LIST, and with the Back-Cover Texts being LIST.

If you have Invariant Sections without Cover Texts, or some other combination of the three,
merge those two alternatives to suit the situation.

If your document contains nontrivial examples of program code, we recommend releasing these
examples in parallel under your choice of free software license, such as the GNU General Public
License, to permit their use in free software.
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