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AREA OF STUDY 1
HOW DO THINGS MOVE WITHOUT CONTACT?

2 Gravitational fields: effects
and applications

2.1 Overview
Numerous videos and interactivities are available just where you need them, at the point of learning, in
your digital formats, learnON and eBookPLUS at www.jacplus.com.au.

2.1.1 Introduction
The lives of everyone are profoundly affected by their interaction with the gravitational field of the Earth.
Your muscles are constantly working against the pull of your body towards the centre of the Earth and your
heart must pump your blood so that it can circulate around your body. When you throw a ball, the path
followed by the ball through the air is dictated by the pull of the ball towards the Earth. Upon observing
the night sky, you may see the Moon, which orbits the Earth every 29 days. The constant gravitational pull
on the Moon and artificial satellites by the Earth (towards the centre of the Earth) causes them to move in
circular orbits around the Earth. Indeed, gravitational attractions are at the heart of explaining the motion
of the whole solar system. Knowledge of the gravitational field can be also applied to finding the energy
changes experienced by objects moving through gravitational fields, allowing humans to successfully
launch rockets and send probes to other planets.

FIGURE 2.1 Understanding gravitational forces has allowed us to put
satellites in orbit around the Earth.
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2.1.2 What you will learn

KEY KNOWLEDGE
After completing this topic, you will be able to:
• analyse the use of gravitational fields to accelerate mass, including

• gravitational field and gravitational force concepts: g = G
M

r2
and Fg = G

m1m2

r2

• potential energy changes in a uniform gravitational field: Eg = mg∆h
• the change in gravitational potential energy from area under a force–distance graph and area
under a field–distance graph multiplied by mass.

• model satellite motion (artificial, Moon, planet) as uniform circular orbital motion: a =
v2

r
=

4𝜋2r

T2

• apply the concepts of force due to gravity, Fg, and normal force, FN, including satellites in orbit where the
orbits are assumed to be uniform and circular.

Source: VCE Chemistry Study Design (2017–2021) extracts © VCAA; reproduced by permission.

PRACTICAL WORK AND INVESTIGATIONS
Practical work is a central component of learning and assessment. Experiments and investigations, supported by
a Practical investigation logbook and Teacher-led videos, are included in this topic to provide opportunities to
undertake investigations and communicate findings.

Digital documents Key science skills — VCAA Physics Units 1–4 (doc-#####)

Key terms glossary (doc-#####)

Practical investigation logbook (doc-####)

To access key concept summaries and past VCAA exam questions download and print the studyON: Revision and past
VCAA exam question booklet (doc-XXXX).

2.2 Motion in a gravitational field

KEY CONCEPTS
• analyse the use of gravitational fields to accelerate mass, including:

• gravitational field and gravitational force concepts: g = G
M

r2
and Fg = G

m1m2

r2

• model satellite motion (artificial, Moon, planet) as uniform circular orbital motion: a =
v2

r
=

4𝜋2r

T2

• apply the concepts of force due to gravity, Fg, and normal force, FN, including satellites in orbit where the
orbits are assumed to be uniform and circular.

How do apples, satellites and planets move in gravitational fields? Newton’s second laws states that if the
net force acting on an object is known, the object’s acceleration is known.

Gravitation describes the force that a mass experiences in a gravitational field, g. The magnitude of that
force, the force on the mass by the Earth, is denoted Fon mass by mass of Earth or Fg, and is given by
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Fg = mg
where Fg is the force on a mass due to gravity

m is the mass of the object
g is the gravitational field strength

The larger the mass, m, the greater the gravitational force, Fg, it experiences by the gravitational field g.

FIGURE 2.2 Comparison of the force on a mass M with the force on a mass 2M in a gravitational field. A larger
mass experiences a greater force.

lines of equal field strength lines of equal field strength

2M
Fon 2M by Earth M Fon M by Earth

If the gravitational force is the only force acting on the mass, then, by applying Newton’s second law, it
is seen that the acceleration experienced by the mass is equal to the gravitational field at that point in space.

Fnet = mg = ma
where Fnet is the net force acting on an object

m is the mass of the object
g is the gravitational field strength
a is the acceleration of the object.

So, if there are no other forces acting on the mass, the acceleration is provided by the gravitational field,
or a = g.

You will now look at what this means for masses close to the surface of the Earth and what it means for
those further away.

2.2.1 Close to the Earth’s surface
Topic 1 revealed that, for small objects close to the surface of the Earth (like an apple or ball), the
gravitational field of the Earth is essentially constant. This means that the gravitational force Fg = mg
experienced by the object is also constant.
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FIGURE 2.3 Gravitational field close to the
surface of the Earth

If there is little air resistance and gravity is
essentially the only force acting on the object,
then Fnet = mg = ma where a is the acceleration
of the object and must also be constant. Topic 1
revealed that the gravitational field strength, and
hence the acceleration of an object falling near the
Earth’s surface, is constant and can be calculated using
the relationship

g = G
M
r2

where g is the gravitational field strength
G is the gravitational constant 6.67 × 10−11Nm2kg−2

M is the mass of the Earth
r is the radius of the Earth

This means that the speed of the object towards the centre of the Earth increases by the same amount,
9.8 m s−1, every second, until it strikes the surface of the Earth.

Because the acceleration is constant, an estimate can be made of how high a ball will go when launched
with a particular velocity, or how long it will take for an object dropped from a height to hit the ground
using the familiar kinematic formulae for motion under constant acceleration.

SAMPLE PROBLEM 1

A ball is thrown vertically into the air with a speed of 20 m s−1. How high does it go? (Ignore air
resistance.)

Teacher-led video: SP1 (eles-XXXX)

THINK WRITE

After leaving the hand of the person throwing
the ball, the only force on the ball is the
gravitational attraction of the ball to the Earth:

Fg = mg

This means that the net force, Fnet = ma = mg
and the acceleration of the ball is simply
g = 9.8 m s−2 downwards. This is motion
under constant acceleration in a straight line,
so the equation v2 = u2 + 2as can be used to
determine the maximum height reached by
the ball.

Take upwards as the positive direction.
a = g = −9.8, u = 20m s−1, v = 0m s−1

v2 = u2 + 2as

02 = 202 + (2 × −9.8 × s)
02− 202 = 2 × −9.8 × s

s = 02− 202

2 × −9.8 × s
= 20.4

The maximum height reached by the ball
is 20.4 m

PRACTICE PROBLEM 1
A ball is dropped from a bridge. The initial speed of the ball is 0 m s−1. How fast is the ball travelling
after falling 20 metres?
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2.2.2 Motion of satellites

FIGURE 2.4 When an
object moves along
a circular path with a
constant speed, the
direction of the change
in the velocity always
points along a line
towards the centre of the
circle. This means that
the acceleration of an
object moving in a circle
at a constant speed
always points inwards
towards the centre of the
circle.

r

A

B

v
v∆t

∆v

v

v

v

r

θ

θ

Now consider an object considerably further from the surface of the Earth,
such as a satellite. Any effect of the gravitational field of the satellite can be
ignored because the mass of the satellite is so much smaller than that of the
Earth.

There are many possibilities for the kind of motion that the satellite might
experience in response to the gravitational field of the Earth but, for now,
only consider the scenario where the satellite orbits the Earth at a constant
height above the centre of the Earth with a constant speed. How might this
be possible?

Figure 2.4 shows how the constantly changing direction of the velocity of
an object moving in a circle results in an acceleration towards the centre of
the circle. This kind of acceleration is called centripetal acceleration.

In figure 2.4, it can be deduced from the similar triangles that
Δv
v
= vΔt

r

⇒ Δv = v2Δt
r

The acceleration of the object towards the centre of the circle (centripetal
acceleration) is:

a = Δv
Δt

= v2Δt
rΔt

= v2

r

Hence, the magnitude of the centripetal acceleration of a satellite is given by

a = v2

r

where v is the speed of the satellite
r is the radius of the circular orbit

The magnitude of the net (centripetal) force on the satellite then becomes

Fnet = ma = mv2

r

where m is the mass of the satellite
v is the speed of the satellite
r is the radius of the circular orbit

Newton had already shown that objects moving in a circle with a constant speed experience a net force
pointing radially inwards towards the centre of the circle. His great achievement with the Law of Universal
Gravitation was to realise that the gravitational field from a large mass, such as that of the Earth, could be
the source of the radially inwards net force on a satellite, such as the Moon.

By equating the gravitational force on a satellite with the net force experienced by an object undergoing
circular motion, Newton obtained an expression for the gravitational force on a satellite of mass m orbiting
a central mass M.
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Fg = GMm
r2

= mv2

r

where r is the distance between the centres of the central mass and the satellite’s mass
M is the central mass
m is the mass of the satellite
G is the gravitational constant, 6.67 × 10−11Nm2 kg−2

v is the speed of the satellite.

The speed of the satellite, v, is constant and can be expressed in terms of the radius, r, and period, T, of
the orbit:

v = distance travelled

time taken
= 2𝜋r

T
.

Substituting this expression into the previous expression, the following equation is obtained

GMm

r 2
= m4𝜋2r

T 2

which can be rearranged to form the relationship

GM
4𝝅2

= r3

T2

where r is the distance between the centres of the central mass and the satellite’s mass
M is the central mass
G is the gravitational constant, 6.67 × 10−11Nm2 kg−2

T is the period of orbit

This expression reveals the profound insight that the ratio of the cube of the radius of orbit of a satellite
to the square of the period of the orbit has a constant value. This had already been discovered by the
exceptional astronomer Johannes Kepler in his work on explaining the motion of the planets around the
Sun and is known as Kepler’s Third Law.

SAMPLE PROBLEM 2

The Moon orbits the Earth with a period of 2.36 × 106 s. The distance from the centre of the
Earth to the centre of the Moon is 3.84 × 108 m.
a. Calculate the speed of the Moon as it orbits the Earth.
b. Calculate the acceleration experienced by the Moon.
c. Use the provided data to calculate the mass of the Earth.

Teacher-led video: SP2 (eles-XXXX)

THINK WRITE

a. Recall that, for an object moving in a

circle at a constant speed, v = 2𝜋r
T
.

a. v = 2𝜋 × 3.84 × 108

2.36 × 106

= 1022m s−1
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b. Recall that, for an object moving in a
circle at a constant speed,

a = v2

r
= 4𝜋2r

T 2
.

b. a = 4𝜋2 × 3.84 × 108

(2.36 × 106)2

= 0.002 72m s−2

or

a = 10222

3.84 × 108

= 0.002 72m s−2

c. Use the relationship
GM

4𝜋2
= r3

T 2
to

determine the mass of the Earth.

c.
GM

4𝜋2
= r3

T 2

6.67 × 10−11MEarth

4𝜋2
=

(
3.84 × 108

)3(
2.36 × 106

)2
⇒ MEarth =

4𝜋2 ×
(
3.84 × 108

)3(
6.67 × 10−11

)
×
(
2.36 × 106

)2
= 6.02 × 1024 kg

PRACTICE PROBLEM 2
Mars’s moon, Phobus, orbits Mars with a period of 2.76 × 104 s. The distance from the centre of
Mars to the centre of Phobus is 9.38 × 106 m.
a. What is the speed of Phobus as it orbits Mars?
b. What is the acceleration experienced by Phobus?
c. Use the provided data to calculate the mass of Mars.

Kepler’s laws
Isaac Newton (1642–1726) published his Law of Universal Gravitation in 1687. This law provided a
mathematical and physical explanation for several important observations about the movement of planets
in the solar system that had been made over the previous two centuries.

In 1542, Nicolaus Copernicus (1473–1543) published ‘On the Revolution of the Heavenly Orbs’,
outlining an explanation for the observations of planetary motion with the Sun at the centre. In his
explanation, the planets moved in circular orbits about the Sun. Copernicus’s model became increasingly
preferred over the geocentric model of Ptolemy because it made astronomical and astrological calculations
easier. The publication had a significant scientific, social and political impact during the latter part of the
sixteenth century.

Galileo Galilei (1564–1642) was a strong advocate for the view that the Copernican model was more
than ‘a set of mathematical contrivances, merely to provide a correct basis for calculation’ and instead
represented physical reality. (This had also been Copernicus’s view, but he could not express this in print.)
Galileo thought that astronomy could now ask questions about the structure, fabric and operation of the
heavens but, as with so many of his scientific interests, Galileo did not pursue these questions further.

Johannes Kepler (1571–1630) decided his purpose in life was to reveal the fundamental coherence of a
planetary system with the Sun at its centre. In 1600–1601, he was working as an assistant to Tycho Brahe
(1546–1601), a Danish astronomer who had been compiling very precise measurements of the planets’
positions for over twenty years. Brahe’s data was so accurate that they are still valid today. Without the
aid of a telescope, he was able to measure angles to an accuracy of half a minute of arc (for example
23°34′ ± 0.5′).
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Kepler was seeking to find patterns and relationships between the motions of the various planets. He
used the data to calculate the positions of the planets as they would be observed by someone outside the
solar system, rather than from the revolving platform of the Earth. Initially he was looking for circular
orbits, but Brahe’s precise data did not fit such orbits. Eventually he tried other shapes, until in 1604 he
formulated what is known as Kepler’s First Law:

Each planet moves, not in a circle, but in an ellipse, with the sun, off centre, at a focus.

FIGURE 2.5 Drawing an ellipse

Sun

An ellipse is like a stretched circle.
The shape can be drawn by placing two
pins on the page several centimetres
apart, with a loose piece of string tied
between the pins. If a pencil is placed
against the string to keep it tight and
then the pencil is moved around the
page, the drawn shape is an ellipse with
a focus at each of the pins. The closer
the two foci, the more like a circle the
ellipse becomes.

The equinoxes are the two days in the
year when the Sun is directly above the
equator and the durations of night and
day are equal. They occur when the line
drawn from the Sun to the Earth is at
right angles to the Earth’s orbit. Because
the Earth’s orbit is an ellipse, when
the Sun is off centre at one of the two
foci, these two points are not directly
opposite each other. This means the
time for the Earth to go from the March
equinox to the September equinox is
longer by a few days than the time to go
from the September equinox to the March equinox.

FIGURE 2.6 Location of the two
equinoxes in the Earth’s orbit

Sun

September

equinox

March

equinox

Look up the dates of the March and September equinoxes
and determine the two times between them.

There was much speculation in Newton’s time that
gravitational attraction might vary inversely with the square
of the distance, but it was Newton who was able to show
mathematically, using a geometric proof, that the Earth’s
elliptical orbit means that the inverse square law applies to the
attraction between the Sun and the Earth.

Kepler’s First Law:

The planets move in elliptical orbits with the Sun
at one focus.
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Kepler also looked at the speeds of the planets in their orbits. His analysis of the data showed that the
speeds of the planets were not constant. The planets were slower when they were further away from the
Sun and faster when closer. He also found that their angular speed (the number of degrees a line from the
Sun to a planet sweeps through every day) was not constant. Both results reinforced his first law. However,
he did find in 1609 that the planets sweep out equal areas with time.

Kepler’s Second Law:

The linear speed and angular speed of a planet are not constant, but the areal speed of each
planet is constant. That is, a line joining the Sun to a planet sweeps out equal areas in equal
times.

FIGURE 2.7 Kepler’s Second Law

Sun

Planet

One month

One month

Newton was able to show mathematically that a constant
areal velocity meant that the force acting on a planet must
always act along the line joining the planet to the Sun.

Kepler was keen to find a mathematical relationship between
the period of a planet’s orbit around the Sun and its average
radius that would give the same result for each planet. He tried
numerous possibilities and eventually, in 1619, he found a
relationship that fitted the data.

Kepler’s Third Law:

For all planets, the cube of the average radius is proportional to the square of the orbital

period; that is,
R3

T2
is a constant for all planets going around the sun.

Kepler was also able to show that the relationship held for the orbits of the moons of Jupiter.
Kepler had constructed as detailed a description of the solar system as was possible without a mechanism

to explain the motion of the planets, although he did understand gravity as a reciprocal attraction. Kepler
wrote, ‘Gravity is the mutual tendency between bodies towards unity or contact (of which the magnetic
force also is), so that the Earth draws a stone much more than the stone draws the Earth . . . ’

TABLE 2.1 The solar system: some useful data

Body Mass (kg) Radius of body (m) Mean radius of orbit (m) Period of revolution (s)

Sun 1.99 × 1030 6.96 × 108 Not applicable Not applicable

5.97 × 1024 6.37 × 106 1.50 × 1011 3.16 × 107

7.35 × 1022 1.74 × 106 3.84× 108 2.36 × 106

Mercury 3.30 × 1023 2.44 × 106 5.79 × 1010 7.60 × 106

Venus 4.87 × 1024 6.05 × 106 1.08 × 1011 1.94 × 107

Mars 6.42 × 1023 3.40 × 106 2.28 × 1011 5.94 × 107

Jupiter 1.90 × 1027 7.15 × 107 7.78 × 1011 3.74 × 108

Saturn 5.68 × 1026 6.03 × 107 1.43 × 1012 9.29 × 108

Uranus 8.68 × 1025 2.59 × 107 2.87 × 1012 2.64 × 109

(Continued)
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TABLE 2.1 The solar system: some useful data (Continued)

Body Mass (kg) Radius of body (m) Mean radius of orbit (m) Period of revolution (s)

Neptune 1.02 × 1026 2.48 × 107 4.50 × 1012 5.17 × 109

Pluto* 1.46 × 1022 1.18 × 106 5.90 × 1012 7.82 × 109

*Pluto is no longer classified as a planet. Scientists have recently hypothesised that a ninth planet may exist, but it
has not yet been directly observed.

SAMPLE PROBLEM 3

Use the data in table 2.1 to calculate the value of
R3

T2 for Mercury, Venus and Mars, and therefore

confirm Kepler’s Third Law.
Teacher-led video: SP3 (eles-XXXX)

THINK WRITE

1 For Mercury, substitute the values
R = 5.79 × 1010 m and T = 7.60 × 106 s into

the expression
R 3

T 2
.

R 3

T 2
=

(
5.79 × 1010

)3(
7.60 × 106

)2
= 3.36 × 1018

2 For Venus, substitute the values R = 1.08 × 1011 m

and T = 1.94 × 107 s into the expression
R 3

T 2
.

R 3

T 2
=

(
1.08 × 1011

)3(
1.94 × 107

)2
= 3.35 × 1018

3 For Mars, substitute the values R = 2.28 × 1011 m

and T = 5.94 × 107 s into the expression
R3

T2
.

R 3

T 2
=

(
2.28 × 1011

)3(
5.94 × 107

)2
= 3.36 × 1018

4 Compare the values of
R 3

T 2
for the three planets. The values of

R 3

T 2
for the three planets

are approximately the same, confirming
Kepler’s Third Law.

PRACTICE PROBLEM 3

Use the data in table 2.1 to calculate the value of
R3

T2
for Saturn, Uranus and Neptune, and therefore

confirm Kepler’s Third Law.

Newton used his Law of Universal Gravitation to show that Kepler’s Third Law applies to all satellites
going around the same central mass.

r3

T2
= GM

4𝝅2

where r is the radius of the orbit
T is the period of orbit
M is the central mass
G is the gravitational constant, 6.67 × 10−11Nm2kg−2
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In the context of the Earth, this means that
R3

T2
is the same for every single artificial satellite, regardless

of the orientation of its orbit, as well as for the Moon itself. If the period and the radius of one satellite’s
orbit is known, the method of ratios can be used to calculate the characteristics of any other satellite:

R3
1

T2
1

= R3
2

T2
2(

R1

R2

)3

=
(
T1

T2

)2

where R1 is the distance between the central mass and satellite 1
R2 is the distance between the central mass and satellite 2
T1 is the period of orbit of satellite 1
T2 is the period of orbit of satellite 2

The benefit of this method is that, because you are working with ratios, you don’t need to use metres and
seconds for your data. Earth radii and days can be used, making for simpler calculations.

The orbit of the Moon is slightly elliptical, but the average radius of the Moon’s orbit is about 384 000
km or about 60 Earth radii.

The period of the Moon in relation to the stars is called the sidereal period and has been measured at
27.321 582 days (or approximately 2.36 × 106 seconds). As a close approximation, 27.3 days can be used.
The period of the Moon in relation to the Sun, that is the time between full moons, is 29.5 days; this is
longer than the sidereal period because during this time the Earth has moved further around the Sun.

SAMPLE PROBLEM 4

The communications satellite Intelsat has an orbital period of 24.54 hours and an orbital radius
of 4.25 × 106 m. The International Space Station (ISS) has an orbital period of 92.75 minutes. Use
the method of ratios to find the orbital radius of the ISS.

Teacher-led video: SP4 (eles-XXXX)

THINK WRITE

1 Convert all time periods to the same unit. TISS = 92.75minutes = 5565 seconds
TIintelsat = 24.54 hours = 88 344 seconds

2 Apply Kepler’s Third Law:
R3
ISS

T 2
ISS

=
R3
Intelsat

T 2
Intelsat

R3
ISS

T 2
ISS

=
R3
Intelsat

T 2
Intelsat

R3
ISS

55652
=

(
4.25 × 106

)3
88 3442

⇒ RISS =
55652 ×

(
4.25 × 106

)3
88 3442

= 6.73 × 105 m
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PRACTICE PROBLEM 4
Mars has two moons, Phobos and Deimos. The orbital period of Phobos is 7.66 hours, whereas the
orbital period of Deimos is 36.75 hours. If the orbital radius of Phobos is 9.38 × 106 m, calculate the
orbital radius of Deimos using the method of ratios.

Geostationary orbits
Artificial satellites are used for communication and exploration. Some transmit telephone and television
signals around the world, some photograph cloud patterns to help weather forecasters, some are fitted
with scientific equipment that enables them to collect data about X-ray sources in outer space, whereas
others spy on neighbours! The motion of an artificial satellite depends on what it is designed to do.
Those satellites that are required to stay constantly above one place on the Earth’s surface are called
geostationary satellites and they are said to be in geostationary orbit. In order to stay in position, a
geostationary satellite must have the same period as the object it is orbiting. Therefore, geostationary
satellites have a period of 24 hours, or 1 day.

SAMPLE PROBLEM 5

A geostationary satellite has a period of 24 hours. The mass of the Earth is 5.94 × 1024 kg. The
radius of the Earth is 6.37 × 106 m. Find the altitude at which the geostationary satellite orbits
the Earth.

Teacher-led video: SP5 (eles-XXXX)

THINK WRITE

1 Convert the orbital period
of the satellite to seconds.

T = 24 hours = 86 400 seconds

2 Apply Kepler’s Third

Law:
GM

4𝜋2
= r3

T 2

GMEarth

4𝜋2
= r3

T 2

6.67 × 10−11 × 5.94 × 1024

4𝜋2
= r 3

86 4002

⇒ r3 = 6.67 × 10−11 × 5.94 × 1024 × 86 4002

4𝜋2

⇒ r = 3

√
6.67 × 10−11 × 5.94 × 1024 × 86 4002

4𝜋2

= 4.22 × 107 m
3 The question asks for the

altitude of the satellite,
which is the height above
the surface of the Earth.
Subtract the radius of the
Earth from the radius of
the satellite’s orbit to
determine the altitude.

altitude = radius of orbit − radius of Earth

= 4.22 × 107− 6.31 × 106

= 3.58 × 107 m
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PRACTICE PROBLEM 5
A satellite is placed into a geostationary orbit above Mars. A day on Mars lasts for 24 hours and
37 minutes. The mass of Mars is 6.39 × 1023 kg and the radius is 3.389 × 106 m. Calculate the altitude
of the satellite.

‘Floating’ in a spacecraft

FIGURE 2.8 An astronaut inside the International Space Station
The appearance of an astronaut
floating around inside a spacecraft
suggests that there is no force acting
on them, leading some people to
mistakenly think that there is no
gravity in space. In fact, both the
astronaut and the spacecraft are in a
circular orbit about the Earth.

However, you also know that if an
object is moving in a curved path,
therefore changing its direction, there
must be acceleration. If the path is
circular, the acceleration is directed
towards the centre of that path.

The astronaut and the spacecraft
are in the same gravitational field.
They are at the same distance from the
centre of the Earth. They are travelling at the same speed, taking the same time to orbit the Earth. Therefore,
their centripetal accelerations provided by the gravitational field are the same.

For the spacecraft: For the astronaut:

GMEarthmspacecraft

R2
=mspacecraft ×

4𝜋2R

T2

GMEarth

R2
=

4𝜋2R

T2

GMEarthmastronaut

R2
=mastronaut ×

4𝜋2R

T2

GMEarth

R2
=

4𝜋2R

T2

There is no need for a normal force by the spacecraft on the astronaut to explain the astronaut’s motion.
The astronaut inside the spacecraft circles the Earth as if the spacecraft was not there. Indeed, if the
astronaut is outside the spacecraft doing a spacewalk, the astronaut’s speed and acceleration around the
Earth will be unchanged as they ‘float’ beside the spacecraft. Once back inside, their speed and acceleration
are still unchanged, and this time they are ‘floating’ inside the spacecraft.

If the astronaut steps onto a set of bathroom scales, they will give a reading of zero. As shown in figure
2.10, an astronaut running on a treadmill needs stretched springs attached to his waist to pull him down to
the treadmill.
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FIGURE 2.9 This astronaut is floating inside the International
Space Station. Both the astronaut and the station are in orbit
around the Earth.

FIGURE 2.10 The cloth-covered stretched springs are pulling
the astronaut down so he can exercise on the treadmill.
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SAMPLE PROBLEM 6

An astronaut on the International Space Station stands on a set of bathroom scales. Explain what
the expected reading would be.

Teacher-led video: SP6 (eles-XXXX)

THINK WRITE

The only force acting on the astronaut
is the gravitational force from the Earth.
The only force acting on the bathroom

scales is the gravitational force from
the Earth.

The net force on the astronaut is equal to the
force due to gravity on the astronaut, because the
astronaut is in circular motion around the Earth
with acceleration g. The bathroom scales are also
in circular motion around the Earth with
acceleration g. This means that the normal force
experienced by the astronaut from the bathroom
scales is 0 N.

PRACTICE PROBLEM 6
In an attempt to increase the reading on the bathroom scales, the astronaut on the International
Space Station holds a 10 kg mass. What difference will this make to the reading on the bathroom
scales?

2.2 EXERCISE
To answer questions online and to receive immediate feedback and sample responses for every question go to
your learnON title at www.jacplus.com.au.

1. (a) Calculate the gravitational field strength on a 1.5 kg ball held at a height of 2.0 metres above the
surface of the Earth.

(b) The ball is dropped. Calculate the net force on the 1.5 kg ball as it falls to the surface of the Earth.
2. A gravitational field strength detector is released into the atmosphere and reports back a reading of

9.70 N kg−1.
(a) If the detector has a mass of 10 kg, what is the force of gravity acting on it?
(b) If the detector is to remain stationary at this height, what upward force must be exerted on the

detector?
(c) How far is the detector from the centre of the Earth?

3. The Moon orbits the Earth with a period of 27.32 days. The orbital radius is 385 000 km. Calculate the
orbital speed of the Moon.

4. A space station orbits at a height of 355 km above the Earth and completes one orbit every 92 min.
(a) What is the orbital speed of the space station?
(b) What is the centripetal acceleration of the space station?
(c) What gravitational field strength does the space station experience?
(d) Your answers to (b) and (c) should be the same. (i) Explain why. (ii) Explain any discrepancy in your

answers.
(e) If the mass of the space station is 1200 tonnes, what is the centripetal force on the space station?
(f) The mass of an astronaut and the special spacesuit he wears when outside the space station is 270 kg.

If he is a distance of 10 m from the centre of mass of the space station, what is the force exerted on the
astronaut by the floor of the space station?

5. In the future, it is predicted that space stations may rotate to simulate the gravitational field of Earth and
therefore make life more normal for the occupants. Draw a diagram of such a space station. Include on
your diagram:
• the axis of rotation
• the distance of the occupants from the axis
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• arrows indicating the direction the occupants would consider as ‘down’.
(Remember to consider the frame of reference of the occupants!) Make an estimate of the
period of rotation your space station would need to simulate Earth’s gravitational field.

6. The asteroid 243 Ida was discovered in 1884. The Galileo spacecraft, on its way to Jupiter, visited the
asteroid in 1993. Search online for images of the flyby. The asteroid was the first to be found to have a
natural satellite, that is, its own moon, now called Dactyl. Dactyl orbits Ida at a radius of 100 km and with a
period of 27 hours. What is the mass of the asteroid?

7. Venus and Saturn both orbit the Sun. Using only information about the Sun and the periods of the two
planets, calculate the value of the ratio:

distance of Saturn from theSun

distance of Venus from theSun

8. A satellite is in a circular orbit around the Earth with a radius equal to half the radius of the Moon’s orbit.
What is the satellite’s period expressed as a fraction of the Moon’s period about the Earth?

9. A new geostationary satellite is to be launched. At what height above the centre of the Earth must the
satellite orbit?

10. A spacecraft leaves Earth to travel to the Moon. How far from the centre of the Earth is the spacecraft
when it experiences a net force of zero?Use the following data to determine where that point is, and draw a
scale diagram to show its location.

MMoon = 7.35 × 1022 kg

MEarth = 5.98 × 1024 kg

To answer past VCAA exam questions online and to receive immediate feedback and sample responses for every
question, go to your learnON title at www.jacplus.com.au.

studyON: past VCAA exam questions

Fully worked solutions and sample responses are available in your digital formats.

2.3 Energy changes in gravitational fields

KEY CONCEPTS
• analyse the use of gravitational fields to accelerate mass, including:
• potential energy changes in a uniform gravitational field: Eg = mg∆h
• the change in gravitational potential energy from area under a force–distance graph and area
under a field–distance graph multiplied by mass.

Consider the following scenarios:
1. On 15 February 2013, an asteroid approached the Earth, gaining speed in the Earth’s gravitational

field. By the time it reached the atmosphere, it was travelling at a speed of 19 km s−1. With a mass of
approximately 1.2 × 107 kg, its kinetic energy was approximately 2.2 × 1015 J. It exploded about 30
km above Chelyabinsk, in Russia.

2. Edmund Halley used Newton’s law of gravitation to calculate the effect of Jupiter and Saturn on the
orbits of comets. He concluded that comet sightings in 1531 and 1607 were sightings of the same
comet and that it should appear again in 1758. This comet is now called Halley’s Comet.

Halley’s Comet orbits the Sun every 75.3 years in a very stretched path. The closest it gets to the
Sun is about 0.6 times the radius of the Earth’s orbit, while its furthest distance is 35 times the radius.
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At its closest approach, its kinetic energy is 1.6 × 1023 J with a speed of 38 km s−1 but, at its furthest,
it has only 4.5 × 1019 J, travelling at 0.64 km s−1.

3. Ignoring the initial air resistance, a rock thrown at 11 km s−1 would eventually escape the effect of the
Earth’s gravitational pull, slowing down to zero only at an infinite distance away.

In each of these scenarios, there are changes in speed and height, and thus in kinetic energy and
gravitational potential energy. How are these changes described using Newton’s law of gravitation?

2.3.1 Force-distance graphs

The change in gravitational potential energy can be obtained from the area under a
force–distance graph.

Because gravitation is an attractive force, the force–distance graph is below the distance axis and the area
under the graph has a negative value.

Change in potential energy needs a reference point or zero point. The Earth’s surface is an obvious
reference point for objects on or near the Earth; a constant value of 9.8 N kg−1 can be assumed for the
strength of the gravitational field at the Earth’s surface. However, out in space, with the gravitational force
getting weaker with distance, the preferred reference point is at infinity where the gravitational force is zero.
This means that the gravitational potential energy of a mass at a distance R from the Earth is the area under
the graph, from the distance R out to infinity.

FIGURE 2.11 Graph of the strength of the Earth’s gravitational
force. The gravitational potential energy of a mass at distance R
from the Earth is equal to the shaded area.

r(m)

F
g
 (
N

)

R

Let’s look at scenario 1 from the earlier list, the Chelyabinsk asteroid. When the asteroid is some distance
from Earth, its kinetic energy is relatively small. As it falls towards the Earth, its kinetic energy increases,
its gravitational potential energy becomes more negative, and the total energy remains the same throughout.
As the asteroid falls from A to B in the following three graphs, the orange shaded area in the third graph is
the gain in kinetic energy. That is, change inGPE = change inKE.
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SAMPLE PROBLEM 7

A mass of 10 kg falls to the surface of the Earth from an altitude equal to two Earth radii. What
is the gain in kinetic energy?

Teacher-led video: SP7 (eles-XXXX)

THINK WRITE

1 The gravitational field does the
work on the mass, so the change
in kinetic energy can be found
from the area under the
force–displacement graph.
How to find the area under a
curved graph:
Method 1:
1. Divide the area under the

graph into simple shapes and
estimate the area in terms of
the sum of the areas of the
shapes.

2. If the graph is drawn on a
fine grid, count the grid
squares under the graph.

3. Convert the grid areas to the
correct units.
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4

1
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3

Area 1 (blue) = 40 × 0.5
= 20 energy units

Area 2 (purple) = 10 × 1.5
= 15 energy units

Area 3 (orange) = 1

2
× 24 × 1.5

= 18 energy units

(Note: The triangle with area
1

2
× 30 × 1.5 would be

larger than the orange area, so the height of 30 was
reduced to a level where the areas matched.)

Area 4 (yellow) = 1

2
× 53 × 0.5

= 13.25 energy units
Total area = 20 + 15 + 18 + 13.25

= 66.25 energy units
1 energy unit = 1N × 1Earth radius

= 1N × 6.38 × 106 m

= 6.38 × 106 J
Therefore,
the kinetic energy gained = 66.25 × 6.38 × 106

= 4.23 × 108 J
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2 Method 2: Use this method
when the graph has a relatively
fine grid.
1. Count the number of small

squares between the graph
and the zero-value line or
horizontal axis. Tick each
one as you count it to avoid
counting squares twice. For
partial squares, find two that
add together to make one
square and tick both.

2. Calculate the area of one
small square.

3. Multiply the area of one
small square by the number
of small squares.
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Number of small squares = 80.5
Area of one small square = 4N × 0.2 × 1Earth radius

= 4N × 0.2 × 6.38 × 106 m

= 5.1 × 106 J
Therefore,
the gain in kinetic energy = 80.5 × 5.1 × 106 J

= 4.11 × 108 J

PRACTICE PROBLEM 7
a. Use the following graph

of the gravitational force
on the Chelyabinsk
asteroid to show that, in
moving from an altitude
of two Earth radii down
to an altitude of one
Earth radius, the asteroid
gained 1.25 × 1014 joules
of kinetic energy.
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b. Use the graph to find, to
the nearest whole number,
approximately how much kinetic
energy was gained from falling
from an altitude of one Earth
radius to the Earth’s surface. Compare this value with your answer to part a.
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2.3.2 Field–distance graphs
The graphs for the 10 kg mass and the Chelyabinsk asteroid have different values on the force axis. To find
the changes in energy of a rock escaping the Earth, a different graph would be needed, because the mass of
the rock is different and thus the gravitational force on it is different. It would be simpler if the same graph
could be used for different objects regardless of their mass.

The graph that can be used for this purpose is a graph of the gravitational field against distance. The
gravitational force on a mass at a point in space is just the value of the gravitational field at the point
multiplied by its mass.

The change in energy for an object that moves from one point to another can obtained by
multiplying the area under the graph of the gravitational field against distance by its mass.

The unit for gravitational field is newtons per kilogram. The unit for the area under a graph of
gravitational field against distance is (newtons per kilogram) × metre, hence newton metre per kilogram
or simply joule per kilogram. The change in energy can be obtained from this area by multiplying by the
mass of the object.

FIGURE 2.13 Graph of the strength of the Earth’s gravitational field
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SAMPLE PROBLEM 8

Find the increase in kinetic energy for a 100 kg mass that falls from a height of 4 Earth radii to
2 Earth radii.

Teacher-led video: SP8 (eles-XXXX)

WRITE THINK

1 Determine the area between the
curve and the axis between the
distance of 2 and 4 Earth radii
and convert the units to SI units.

The area under the curve is 25 squares, with each square
having an area of 0.2 N kg−1 × 0.2Earth radii.
One Earth radius = 6.31 × 106 m

Area under curve = 0.2 × 0.2 × 6.31 × 106 Nm kg−1

= 2.52 × 106 Nm kg−1
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2 Remember that Fg = mg.
Multiply the area by the mass to
obtain the change in energy.

Change in energy = 100 kg × 2.52 × 106 Nmkg−1

= 2.52 × 105 Nm

= 2.52 × 105 J

PRACTICE PROBLEM 8
Find the increase in kinetic energy for a 20 kg mass that falls from a height of 3 Earth radii to
2 Earth radii.

2.3.3 Energy changes close to the Earth’s surface
We have learned that the gravitational field of the Earth decreases as the square of the distance from the
centre of the Earth. However, the Earth is huge compared to the scale of ordinary human actions. For a
distance of 1000 m from the surface of the Earth, the gravitational field has decreased by a mere 0.03%,
from 9.805 N kg−1 to 9.802 N kg−1. The gravitational field strength experienced by a ball dropped from an
initial height of a couple of metres above the surface of the Earth is effectively constant.

What about the energy transformations experienced by the ball? As the ball falls, work is done on the ball
by the gravitational field, and the ball speeds up. Energy is transferred from the gravitational field into the
kinetic energy of the ball.

𝚫Eg = mg×distance travelled = mg𝚫h
where ∆Eg is the change in gravitational potential energy

m is the mass of the object
g is the gravitational field strength
∆h is the change in height

Ek =
1
2
mv2

where Ek is the kinetic energy of the object
m is the mass of the object
v is the speed of the object

When work is done on an object by the force of gravity causing it to move a distance in the gravitational
field, the result is a conversion of gravitational potential energy and kinetic energy.

𝚫E = W = Fs

where ∆E is the change in gravitational potential energy and
kinetic energy

W is the work done
F is the force of gravity
s is the distance moved in the gravitational field
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SAMPLE PROBLEM 9

a. Find the work done by the gravitational field on a 30 kg ball that is dropped from the top of a
150 m building.

b. Calculate the change in kinetic energy of a 30 kg ball that is dropped from the top of
150 m building.

Teacher-led video: SP9 (eles-XXXX)

WRITE THINK

a. 1 Determine the magnitude of the force due to gravity
acting on the ball.

a. F = mg
= 30 × 9.8
= 294N

2 The work done can be calculated using W = Fs. W = Fs
= 294 × 150
= 44 100 J

b. The change in kinetic energy is equal to the work
done by the field.

b. ΔEk = work done by field
= 44 100 J

PRACTICE PROBLEM 9
A 2 kg ball is thrown vertically upwards from a height of 1.0 m, with an initial speed of 5m s−1.
What is the kinetic energy of the ball just before it hits the ground?

2.3 EXERCISE
To answer questions online and to receive immediate feedback and sample responses for every question go to
your learnON title at www.jacplus.com.au.
1. Calculate the work done moving a 150 kg mass from a distance of 1 Earth radii to 3 Earth radii.
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2. A 2000 kg satellite falls from a distance of 3.5 × 107 m to 1.0 × 107 m. What is the gain in kinetic energy of
the satellite?
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3. Explain why the area under a gravitational force–distance graph gives the energy needed to launch a
satellite, but the area under a gravitational field strength–distance graph gives the energy per kilogram
needed to launch a satellite.

4. A space probe traverses an elliptical orbit as it passes around a distant unknown planet, Planet Q. How
does the kinetic energy of the space probe change as it moves from X to Y? How does the total energy of
the space probe change as it moves from X to Y?

X Y

Planet Q

5. Calculate the change in gravitational potential energy of a 300 kg satellite carried from the surface of the
Earth to an orbit at an altitude of 14 000 km.
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6. A space shuttle, orbiting Earth once every 93 min at a height of 400 km above the surface, deploys a new
800 kg satellite that is to orbit a further 200 km away from Earth.
(a) Use the following graph to estimate the work needed to deploy the satellite from the shuttle.
(b) Use the mass and radius of the Earth to assist you in determining the period of the new satellite.
(c) Show how the period of the new satellite can be determined without knowledge of the mass of the

Earth.
(d) If the new satellite was redesigned so that its mass was halved, how would your answers to (a) and (b)

change?
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7. A disabled satellite of mass 2400 kg is in orbit around the Earth at a height of 2000 km above sea level. It
falls to a height of 800 km before its built-in rocket system can be activated to stop the fall.
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(a) Calculate the gravitational force on the satellite while it is in its initial orbit.
(b) Calculate the loss of gravitational potential energy of the satellite during its fall.
(c) If the speed of the satellite during its initial orbit is 6900 m s−1, what is its speed when the rocket

system is activated?
8. Why does the gravitational force do no work on a satellite in orbit?
9. Close to the surface of the Earth, the gravitational field can be approximated as a constant. Calculate the

change in kinetic energy of an 85 g apple as it falls from a branch at a height of 3.0 m above the ground.
10. A 500 g cannonball is launched from the deck of a ship with an initial speed of 100 m s−1. It misses its

target and splashes into the sea, 30 metres below the deck of the ship. What is the speed of the
cannonball just before it hits the sea?
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To answer past VCAA exam questions online and to receive immediate feedback and sample responses for every
question, go to your learnON title at www.jacplus.com.au.

studyON: past VCAA exam questions

Fully worked solutions and sample responses are available in your digital formats.

2.4 Review
2.4.1 Summary
• A mass, m, in a gravitational field, g, experiences a force, Fg = mg, which, if there are no other forces

acting on the mass, causes the mass to accelerate, with a = g.
• Close to the surface of the Earth, the gravitational field can be approximated by a constant value,

9.8 m s−2. Objects close to the surface of the Earth that experience negligible air resistance fall
towards the Earth’s surface with an acceleration of 9.8 m s−2.

• Newton showed that objects moving in a circular orbit at a constant speed experience an acceleration
towards the centre of the circle. This means that the net force acting on the object is pointing towards
the centre of the circle at all times.

• Newton’s Law of Universal Gravitation explains how it is possible for natural and artificial satellites in
a circular orbit around the Earth to experience a net force towards the centre of the Earth.

• If a natural or artificial satellite orbits the Earth at a distance from the centre of the Earth, r, then the
acceleration experienced by the satellite is equal to the gravitational field of the Earth at the distance r
from the surface.

• For a given planetary or satellite system,
R3

T2
= GM

4π2
, where G is the gravitational constant,

6.67 × 10−11 N kg−2 m2, and M is the mass of the central body.
• Satellites in orbit and their occupants (who are also in orbit) experience no reaction force.
• The gravitational potential energy of a mass depends on its position in a gravitational field.
• The gravitational field can do work on a mass and move it to a position of lower gravitational potential,

causing the kinetic energy of the mass to increase. The change in kinetic energy is given by the product
of the mass times the area under a field versus displacement graph.

• A rocket or space probe can do work against the gravitational field and move to a position of higher
gravitational potential energy and/or increase its kinetic energy.

• For objects close to the surface of the Earth, where the gravitational field is approximately uniform, the
change in gravitational potential energy of an object falling through a height, h, causes a change in
kinetic energy, ∆Eg = ∆Ek = mg∆h.

To access key concept summaries and past VCAA exam questions download and print the studyON: Revision and practice
exam question booklet (doc-XXXX).

2.4.2 Key term

A satellite in geostationary orbit is stationary relative to a point directly below it on the Earth’s surface.
A geostationary orbit has the same period as the rotation of Earth.
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Digital document Key terms glossary (doc-#####)

2.4 Exercises
To answer questions online and to receive immediate feedback and sample responses for every question,
go to your learnON title at www.jacplus.com.au.

2.4 Exercise 1: Multiple choice questions
1. Mass A and Mass B are placed in a gravitational field. Mass A is 1000 times larger than Mass B. There

are no other forces acting on the masses. Which of the following statements are correct?
A. The force on mass A is 1000 times larger than the force on mass B.
B. The acceleration of mass A is 1000 times larger than the acceleration of mass B.
C. The gravitational field experienced by mass A is 1000 times larger than the gravitational field

strength experienced by mass B.
D. The acceleration of mass A is the same as the acceleration of mass B.

2. When a satellite orbits the Earth with uniform circular motion, which of the following statements
are true?
A. The magnitude of the velocity is constant.
B. The magnitude of the acceleration is constant.
C. The period of the orbit is constant.
D. The direction of the velocity is constant.

3. When a satellite orbits the Earth with uniform circular motion, which of the following statements
are true?
A. The speed of the satellite is constant, so the satellite is not accelerating.
B. Engines on the satellite cause the direction of the velocity of the satellite to change constantly, so

that it goes in a circle.
C. The gravitational field of the Earth constantly changes the direction of the velocity of the satellite.
D. Energy is used to keep the satellite moving in a circle.

4. Which of the following does not affect the orbital period of a satellite orbiting the Earth?
A. The orbital radius of the satellite
B. The mass of the satellite
C. The mass of the Earth
D. The altitude of the satellite.

5. Satellites A and B orbit the Earth. The orbital radius of A is four times as large as the orbital radius
of B. Which of the following is correct?
A. The period of orbit of A is four times as large as the period of orbit of B.
B. The period of orbit of A is one-quarter of the period of orbit of B.
C. The period of orbit of A is eight times as large as the period of orbit of B.
D. The period of orbit of A is one-eighth of the period of orbit of B.

6. Two moons, Castor and Pollox, orbit a recently discovered planet. The orbital period of Castor is three
times larger than the orbital period of Pollox. Which of the following is correct?
A. The orbital radius of Castor is equal to the orbital radius of Pollox.
B. The orbital radius of Castor is three times larger than the orbital radius of Pollox.
C. The square of the orbital radius of Pollox is nine times larger than the square of the orbital radius of

Pollox.
D. The cube of the orbital radius of Castor is nine times larger than the cube of the orbital radius of

Pollox.
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7. Which of the following are correct statements regarding geostationary orbits?
A. An orbit in which the satellite has zero velocity
B. An orbit in which the relative velocity of the satellite to a point on the Earth’s equator is zero
C. An orbit that has a period of 24 hours
D. An orbit that has an altitude close to the surface of the Earth.

8. Astronauts on space stations orbiting the Earth do not experience a normal force when they stand on
bathroom scales. This is because
A. they are too far from the Earth’s surface to experience gravity.
B. the net force on the astronaut is equal to the force due to gravity on the astronaut, so there is no

reaction force from the scales.
C. they don’t have any weight.
D. bathroom scales don’t work properly away from the Earth’s surface.

9. The change in kinetic energy of a space probe in a gravitational field as it moves further away from a
planet can be calculated from
A. the area under a gravitational force versus distance graph.
B. the area under a gravitational field versus distance graph.
C. the area under a gravitational force versus distance graph multiplied by the mass of the space probe.
D. the area under a gravitational field versus distance graph multiplied by the mass of the space probe.

10. A space probe can use the gravitational fields of planets that it is passing to change its speed. Which of
the following is not possible?
A. Gravitational potential energy can be converted into kinetic energy.
B. Work can be done on the space probe by the gravitational field, increasing its kinetic energy.
C. Kinetic energy can be converted into gravitational potential energy.
D. The gravitational field can do work on the space probe, increasing its gravitational and kinetic

energy.

2.4 Exercise 2: Short answer questions
1. Jupiter has many moons, two of which are Io and Ganymede. The following table shows some data for

each:

Moon Mass Period of orbit Radius of orbit

Io 8.932 × 1022 kg 1.7691days 4.217 × 108m

Ganymede 1.482 × 1023 kg 1.0704 × 109m

a. What is the orbital speed of Io’s orbit?
b. Calculate the centripetal acceleration experienced by Io.
c. What is the period of Ganymede’s orbit?
d. Use the data provided to calculate the mass of Jupiter.

2. What is the centripetal acceleration of a person standing on Earth’s equator due to Earth’s rotation
about its axis? (Radius of Earth = 6.38 × 106 m.) Would the centripetal acceleration be greater or less
for a person standing in Victoria? Justify your answer.

3. A spacecraft of mass 470 kg is orbiting the Earth with a period of 2.5 hours. Calculate its altitude.
(Mass of Earth = 5.98 × 1024 kg; radius of Earth = 6.38 × 106 m)

4. Neutron stars are thought to rotate at approximately 1 revolution every second. What is the minimum
mass for a neutron star so that a mass on the star’s surface is in the same situation as a satellite in orbit,
that is, the strength of the gravitational field equals the centripetal acceleration at the surface?

5. A spacecraft orbits the Earth with an orbital radius of 20 000 km. If the orbital radius were doubled,
calculate the expected change in the period of orbit.
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6. A geostationary satellite remains above the same position on Earth’s surface. Once in orbit, the only
force acting on the satellite is that of gravity towards the centre of the Earth. Why doesn’t the satellite
fall straight back down to Earth?

7. In a space shuttle that is in orbit around Earth at an altitude of 360 km, what is the magnitude of:
a. the gravitational field strength
b. the reaction force by the shuttle on a 70 kg astronaut
c. the gravitational force by the Earth on this astronaut?

8. An astronaut is living on the International Space Station. When the astronaut sits down, he needs to
strap himself in so that he does not float away. Why does he need to do this?

9. The following graph shows how the gravitational field strength, g, varies with distance from the centre
of the Moon. An artificial satellite of mass 150 kg orbits the Moon at a distance of 2.0 × 106 m.
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What is the change in the satellite’s potential energy if it is moved to a new orbit with a radius of
3.0 × 106 m?

10. A particular space probe is in orbit at a distance of 10 000 km from Planet X.
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Fg versus distance from centre of Planet X

The orbit is increased to 20 000 km from Planet X.
a. How much kinetic energy does the space probe have in its new orbit?
b. How much energy is needed to move the probe from its original orbit at 10 000 km to its new orbit

at 20 000 km?
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11. Calculate the change in kinetic energy of a 25 kg object dropped from 10 metres above the surface of
the Moon. (mass of the Moon = 7.35 × 1022 kg; radius of the Moon = 1.74 × 106 km)

2.4 Exercise 3: Exam practice questions
1. A 300 kg terrestrial satellite has a circular orbit 10 000 km above the surface of the Earth.

a. Calculate the gravitational force experienced by the satellite.
b. A second satellite is launched, and it takes twice as long to orbit the Earth. How much larger is the

orbital radius of the second satellite?
2. Miranda, a moon of Uranus, has a circular orbit. The following table shows some data for Miranda and

Uranus:

Object Mass Radius Orbital radius

Uranus 8.68 × 1025 kg 25 362 km

Miranda 66.0 × 1018 kg 129 390 km

Assume that Uranus is spherical.
a. Calculate the gravitational field strength at the surface of Uranus.
b. Calculate the orbital period of Miranda.

3. Planet P in a distant solar system is observed moving in an elliptical orbit around the central star, Peres.

Peres

Planet P

X

Y 

The gravitational force experienced by the planet is shown in the following graph. Calculate the
change in kinetic energy as the planet moves from the point X, 30 × 106 km from the Peres, to point Y,
10 × 106 km from Peres.
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Fg on planet P versus distance from Peres
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4. A 1.5 kg weather balloon is placed 50 km above the surface of the Earth. Use the following graph to
calculate the energy required to move the balloon from the Earth’s surface to its new position.
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5. An astronaut is aboard a mission that is currently in a circular orbit around Jupiter with a radius of
100 000 km and a period of 4.9 hours.
a. Calculate the orbital speed of the astronaut.
b. Use the provided data to estimate the mass of Jupiter.
c. The astronaut sits down to eat dinner. Explain the value of the normal force experienced by the seated

astronaut.

2.4 Past VCAA examinations
Access Course Content and select ‘Past VCAA examinations’ to sit the examinations online or offline.
Fully worked solutions and sample responses are available in your digital formats.

Test maker
Create unique tests and exams from our extensive range of questions, including practice exam questions.
Access the assignments section in learnON to begin creating and assigning assessments to students.
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