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AREA OF STUDY 1
HOW DO THINGS MOVE WITHOUT CONTACT?

1 Gravitational, electrical and
magnetic fields

1.1 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.

1.1.1 Introduction
In everyday life, balls drop to the ground when they are let go. You take a compass out of your pocket and
the needle spins and points to the direction of magnetic north. Two balloons rubbed against your jumper
repel one another, floating away from each other. The motion of an object can be explained in terms of the
net force experienced by the object. So, where do the forces come from in these cases? Explanations of
observations might go something like this: The ball drops because of gravity. The balloons repel because
they are both positively charged, and objects carrying like charges repel each other. The molten iron in the

FIGURE 1.1 A solar flare at the surface of the Sun, releasing charged particles to stream into space where they
will interact with planetary gravitational, electric and magnetic fields.
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centre of the Earth is like a giant bar magnet, and the small compass magnet moves to align itself with it.
But what is gravity? Why do like charges repel each other? And why does the compass needle point to
magnetic north? In this topic, you will explore a model for how masses interact with other masses, how
charges interact with other charges and how magnets interact with other magnets, even when they are not
touching. In this model, the ball, balloon and compass needle are interacting with the environments created
by other masses, charges and magnetic particles. These environments are called fields. The ball drops
because the mass of the ball experiences the gravitational field from the mass of theEarth. The charged
balloon moves because it experiences the electric field of the other charged balloon. The magnetised
compass needle moves because it experiences the magnetic field of the Earth. So, what do these very
different phenomena have in common? The masses, charges and magnetic objects are all able to affect
other masses, charges and magnetic objects that are not touching them — so-called ‘action at a distance’.
The field model has been one of the great successes of modern physics. The nature of gravitational, electric
and magnetic fields, their similarities and differences, is explored in this topic.

1.1.2 What you will learn

KEY KNOWLEDGE
After completing this topic, you will be able to:
• describe gravitation, magnetism and electricity using a field model
• 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
.

• analyse the use of an electric field to accelerate a charge, including

• electric field and electric force concepts: E = k
Q

r2
and F = k

q1q2

r2

• the magnitude of the force on a charged particle due to a uniform electric field: F = qE.
• investigate and compare theoretically and practically gravitational, magnetic and electric fields, including
directions and shapes of fields, attractive and repulsive fields, and the existence of dipoles and monopoles

• investigate and compare theoretically and practically gravitational fields and electrical fields about a point
mass or charge (positive or negative) with reference to
• the direction of the field
• the shape of the field
• the use of the inverse square law to determine the magnitude of the field.

• investigate and apply theoretically and practically a vector field model to magnetic phenomena, including
shapes and directions of fields produced by bar magnets, and by current-carrying wires, loops and
solenoids

• identify fields as static or changing, and as uniform or non-uniform.

Source: VCE Physics 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 Units1– 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).
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1.2 Gravitation

KEY CONCEPTS
• describe gravitation using a field model
• 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

• investigate theoretically and practically gravitational fields, including directions and shapes of fields
• investigate theoretically and practically gravitational fields about a point mass with reference to:
• the direction of the field
• the shape of the field
• the use of the inverse square law to determine the magnitude of the field
• potential energy changes (qualitative) associated with a point mass moving in the field

• identify fields as static or changing, and as uniform or non-uniform.

In this subtopic, you will explore the nature of gravitation and be introduced to a field model to describe
how masses can influence other masses that are distant from them. A field model can be visualised as a
map of the force experienced by a mass placed within the environment of another mass or masses. You
will explore the shape, direction of influence and magnitude of the gravitational field from masses smaller
than a tennis ball to masses larger than our Sun. In topic 2, you will apply this simple picture to explain
phenomena ranging from the motion of a ball dropped close to the surface of the Earth to the motion of
satellites in orbit around the Earth.

1.2.1 Mass and gravitation
What is it about a ball that causes it to experience gravity? The answer was worked out by Isaac Newton,
nearly three hundred and fifty years ago, when he was trying to explain the motion of the planets and
the Moon in the solar system. Newton realised that masses are attracted to other masses and that this is
universally true, not just on Earth but also between other planetary bodies. The mass of a ball is attracted
to the mass of the Earth.

When a ball is dropped from a few metres above the surface of the Earth, the movement of the ball
towards the Earth is easily seen. If air resistance is negligible, the ball accelerates and the acceleration of
the ball is the same for balls with different masses. Newton proposed that the ball accelerates because of an
attractive force from the Earth. Newton had already established his second law, that the force on an object
is equal to its acceleration multiplied by its mass. Newton argued that if a ball had twice as much mass, the
force of attraction to the Earth would double. A ball with three times as much mass would be three times as
strongly attracted to the Earth. By applying Newton’s third law — that the force on A by B must be equal
in magnitude and opposite in direction to the force on B by A — it can be understood that the gravitational
force of attraction must also be proportional to the other mass, in this case the mass of the Earth. Newton
then concluded that the gravitational force of attraction between two masses must be proportional to the
product of the two masses.

The inverse square law
The force due to gravity between two masses is not just related to the magnitudes of the masses but is also
affected by the distance between them.

Imagine the Earth as a large, perfect sphere, and consider a ball placed at some point above the surface
of the sphere. The radius of the Earth is very large; therefore, the distance between the centre of a ball
dropped from ten metres above the surface of the Earth and the centre of the Earth is hardly any larger than
the radius of the Earth (6 400 000 m), which will be given the symbol REarth. If the Earth is considered to
be a perfect sphere (an approximation), then the ball will have the same experience at any point 10 metres
above the Earth’s surface.Pdf_Folio:3
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Now imagine the ball placed much
further away from the Earth, at a distance
of 2REarth from the Earth’s centre.
Although the source of the attraction
of the ball (the mass of the Earth) is
still the same, the area over which the
‘attractiveness’ is spread out is much
larger.

The surface area of a perfectly
spherical Earth is 4πREarth

2. At a distance
of 2REarth from the centre of the Earth,
the attraction is spread out over a surface
area of 4π(2REarth)

2 = 16π REarth
2. This

means that at any point 2R from the
centre of the Earth, the attraction of the
ball to the Earth is four times weaker than
at point R. At a distance of 3R from the
surface, the attraction is spread out over
a surface area of 4π(3R)2 = 36πR2, so
the attraction of the ball at any point will be nine times weaker than at point R. You can see that the force of
attraction is inversely proportional to the square of the distance between the centres of the two masses. This
is called an inverse square law.

Putting it all together, Newton’s Law of Universal Gravitation states that the magnitude of the force on a
mass, m1, by another mass, m2, where the centres of the masses are separated by a distance r is given by

Fg = G
m1m2

r2

where Fg is the gravitational force on m1 by m2

G is the gravitational constant (6.67 × 10-11 N kg-2 m2)
m1 is the mass of object 1
m2 is the mass of object 2

Note that the direction of the attractive force experienced by m1 is along an imaginary line connecting the
centres of the two masses towards m2.

The value of G could not be determined at the time of Newton because the mass of the Earth was not
known. Another 130 years passed before Henry Cavendish was able to measure the gravitational attraction
between two known masses and calculate the value of G.

The value of G is very small, which indicates that gravitation is quite a weak force. A large quantity of
mass is needed to produce a gravitational effect that is easily noticeable.

SAMPLE PROBLEM 1

Calculate the force due to gravity of the following:
a. Earth on a 70 kg person standing on the equator
b. a 70 kg person standing on the Earth’s equator.

Teacher-led video: SP1 (eles-XXXX)
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FIGURE 1.2 The inverse square law illustrated. As the
distance, r, from the source increases, the strength of the
source is spread out over an increasingly large area. This area
is proportional to the square of the distance from the source. As
a result, as r increases, the strength of a source at r is diluted by

a factor of
1

r2
.
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THINK WRITE

a. Recall the formula for
Newton’s Law of
Universal Gravitation.
The distance r is the
separation of the centres
of the two masses.

a. Fon person by the Earth =
GmEarthmperson

r2

= 6.67 × 10−11 Nkg−2 m2 × 5.96 × 10 24kg × 70 kg(
6.37 × 106 m

)2
= 686N

The force due to gravity of the Earth on a 70 kg person standing
on the equator is 686 N towards the centre of the Earth.

b. Remember Newton’s
Third Law: The force on
A by B is equal in
magnitude and opposite
in direction to the force
on B by A.

b. Fon person by the Earth = −FonEarth by the person

= −686N
The negative value means that the direction of the force is in
the opposite direction to the force on the person by the Earth.
The force due to gravity of a 70 kg person standing on the
Earth’s equator is 686 N towards the person.

PRACTICE PROBLEM 1
Use the following data to calculate the force due to gravity by the Earth on the Moon and the force
due to gravity by the Moon on the Earth:
mass of Earth = 5.96 × 1024 kg
mass of Moon = 7.35 × 1022 kg
distance between the Earth and the Moon = 3.844 × 108 m.

1.2.2 Gravitational fields FIGURE 1.3 Diagram of the Earth’s gravitational field

lines of equal field strength
Newton’s Law of Universal
Gravitation describes the force
between two masses. However, the
solar system has many masses, each
attracting one another. The Sun, the
heaviest object in the solar system,
determines the orbits of all the other
masses, but each planet can cause
minor variations in the orbital paths
of the other planets. The precise
calculation of the path of a planet or
comet becomes a complicated exercise
with many gravitational forces needing
to be considered.

Physicists after Newton realised it
was easier to determine, for each
point in space, the total force that
would be experienced by a unit mass
(1 kg) at that point. This idea slowly
developed and, in 1849, Michael
Faraday, in explaining the interactions
between electric charges and between
magnets, formalised the concept, calling it a ‘field’.Pdf_Folio:5
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A field is more precisely defined as a physical quantity that has a value at each point in space. For
example, a weather map showing the pressure across Australia could be described as a diagram of a
pressure field. This is an example of a scalar field. In contrast, gravitational, electric and magnetic fields
are vector fields; they give a value to the strength of the field at each point in space, and also a direction for
that field at that point. The arrows in the diagram of the Earth’s gravitational field show the direction of the
field, and the density of the lines (how close together the lines are) indicates the strength of the field.

A value for the strength of the gravitational field around a mass M can be determined from the value
of the force on a unit mass in the field. If mass m2 in Newton’s Universal Law of Gravitation equation is
assigned a value of 1 kg, then the force expression will give the strength of the gravitational field.

g = GM
r2

where g is the gravitational field strength
G is the gravitational constant (6.67 × 10-11 N kg-2 m2)
M is the mass of the object (the central body)
r is the distance from the centre of the object

The unit of gravitational field strength is Newtons per kilogram, N kg-1.
The strength of the gravitational field at the Earth’s surface can be calculated using the values for the

mass and radius of the Earth, m = 5.96 × 1024 kg; r = 6.38 × 106 m:

g = 6.67 × 10−11 × 5.98 × 1024

(6.38 × 106)2

= 9.80N kg−1

SAMPLE PROBLEM 2

Calculate the gravitational field strength of the Moon at the surface of the Moon if its mass is
7.35×1022kg and its radius is 1.74×106m.

Teacher-led videos: SP1 (eles-XXXX)

THINK WRITE

Recall the formula

g = GM

r2
, where

M = 7.35 × 1022 kg and
r = 1.74 × 106 m

g = GM

r2

= 6.67 × 10−11 × 7.35 × 1022(
1.74 × 106 m

)2
= 1.62N kg−1

PRACTICE PROBLEM 2
Calculate the gravitational field strength of the Sun at the centre of the Earth, given the following:
mSUN = 1.99 × 1030 kg
distance from the centre of the Earth to the centre of the Sun = 149.6 × 109 m.
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The gravitational field close to the surface of the Earth
We have just 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 dropping from an
initial height of a couple of metres above the surface of the Earth, is effectively constant.

FIGURE 1.4 Zooming in on the gravitational field very close to the surface of the Earth, from a human
perspective, the gravitational field appears to be constant and uniform. A mass placed at any point in this field
would experience the same magnitude and direction of force: F = mg.

lines of equal field strength

g

Graphing the gravitational field
The gravitational force is an attractive force — masses are attracted to each other.

FIGURE 1.5 The Earth exerts gravitational force on the Moon back
towards the Earth.

Distance vector
Force vector

Earth

Moon

Picturing the force that the Earth exerts on the Moon, it is not hard to see that this force is in the
opposite direction to the displacement of the Moon from the Earth. As a result, Newton’s Law of Universal
Gravitation and the complete expression for the gravitational field from a point mass should have a negative
sign:

Fg = −Gm1m2

r2
, g = −GM

r2
Pdf_Folio:7
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Graphing the magnitude of the gravitational field shows clearly that the field strength is inversely
proportional to the square of the distance from the mass.

FIGURE 1.6 Graph of the strength of the Earth’s gravitational field
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What does the gravitational field look like inside the Earth? Newton showed that the gravitational field inside a
hollow spherical shell is in fact zero. This means that, closer to the centre of the Earth, the amount of mass that
contributes to the Earth’s gravitational field decreases. The overall effect is that the gravitational field decreases
linearly from the outside of the Earth towards the centre.

FIGURE 1.7 Graph of the gravitational field
of the Earth, including the strength inside the
Earth.
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1.2 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. Sketch the gravitational field of the Earth.
(a) Draw a vector indicating the force on an object that is positioned one Earth radius above the surface of

the Earth, and a vector indicating the force on an object that is positioned two Earth radii above the
surface of the Earth.

(b) Compare the magnitude and direction of the two vectors.
(c) Is the gravitational field uniform or non-uniform? Explain how this is indicated in your sketch.

2. The gravitational force experienced by an object is called weight.
Calculate (i) the gravitational field strength and (ii) the weight of a 70 kg person at the surface of
(a) Earth
(b) Mars
(c) Venus
(d) Pluto.

3. Explain why the gravitational field lines for a mass always point radially inwards towards the centre of
the mass.

4. Calculate the gravitational field strength at distances of (i) 10 000 km, (ii) 20 000 km and (iii) 30 000 km from
the centre of the Earth. Calculate the ratios of the field strengths for (i) and (ii), (i) and (iii), and (ii) and (iii), and
compare the ratios and explain your findings.

5. Calculate the force of attraction between the Earth and the Sun.
6. If the Earth expanded to twice its radius without any change in its mass, what would happen to your weight?
7. The Moon is 3.84 × 106 km from the Earth and an average distance of 150 × 106 km from the Sun. Compare

the gravitational field strength experienced by the Moon from the Sun with that from the Earth.
8. The tides occur because of the difference in the gravitational pull on the opposite sides of the Earth.

Consider the following two situations (not drawn to scale):

(a)

(b)

Pdf_Folio:9
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Calculate the combined gravitational field from the Sun and the Moon at the point on the surface of the
Earth indicated by the red and green dots at the times A and B.

9. How many Earth radii from the centre of the Earth must an object be positioned for the gravitational force by
the Earth on the object to equal the gravitational force that would be exerted by the Moon on the object if
the object was on the Moon’s surface?

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.

1.3 Electric forces and fields

KEY CONCEPTS
• describe electricity using a field model
• analyse the use of an electric field to accelerate a charge, including:

• electric field and electric force concepts: E = k
Q

r2
and F = k

q1q2

r2

• the magnitude of the force on a charged particle due to a uniform electric field: F = qE.
• investigate theoretically and practically electric fields, including directions and shapes of fields, attractive
and repulsive fields, and the existence of dipoles and monopoles

• investigate theoretically and practically electrical fields about a point charge (positive or negative) with
reference to:
• the direction of the field
• the shape of the field
• the use of the inverse square law to determine the magnitude of the field
• potential energy changes (qualitative) associated with a point charge moving in the field.

• identify fields as static or changing, and as uniform or non-uniform.

Like charges attract each other, and unlike charges repel each other. The interaction between electric
charges can also be described using a field model, but with an added degree of complexity. Masses always
attract each other, but electric charges can be either positive or negative. This means that electric forces can
be positive or negative: like charges repel and unlike charges attract. In this subtopic, you will investigate
electric forces and fields, initially focusing on the electric field from a single charged source, exploring
similarities and differences to the gravitational field. You will then consider the electric field from more
than one charged source, in particular the electric field from a positive and negative charge, the electric
dipole.

1.3.1 Coulomb’s Law

The long road to Coulomb’s law
You will probably have experienced a small electric shock when you touched a metal rail after walking across carpet.
This phenomenon has been observed for thousands of years. Objects such as glass, gemstones and amber (petrified
tree resin) can become ‘electrified’ by friction when they are rubbed with materials such as animal fur and fabrics,
producing a little spark. The Ancient Greek word for amber is elektron.
Investigators tried to explain the various manifestations of electricity, but an understanding of the phenomenon

was elusive. Both attraction and repulsion were observed, but initially repulsion was considered less important. In
1551, Girolamo Cardano realised that this electrical attraction was different from magnetic attraction. In 1600, William

UNCORRECTED PAGE PROOFS
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Gilbert, the physician to Elizabeth I, found that other substances such as glass and wax could be ‘electrified’, but he
concluded that metals could not. In 1729, Stephen Gray discovered that electric charge could pass through materials
such as the human body and metals. He concluded that some objects are conductors and others are insulators.
In 1734, Charles du Fay showed that Gilbert was wrong about metals: they could be charged as long as the metal
was in a handle of glass. However, du Fay thought there were two fluids, to explain the two types of charge, whereas
Benjamin Franklin in 1746 suggested there was only one fluid. Objects with an excess of this fluid were designated
positively charged, while negatively charged objects were deficient in the fluid.
Experiments continued, not only to identify what electricity was but also to determine how strong the electric force

was and what affected its strength.
In 1766, Franklin tried an experiment involving a hollow metal sphere with a small hole. He charged up the sphere

and then lowered a small cork carrying an electric charge inside the sphere. Nothing happened to it — the cork was
not pushed around, no matter where he placed the test charge. He wrote about this to his friend Joseph Priestley in

England. Priestley was aware of Newton’s Law of Universal Gravitation, which is an inverse square law

(
F ∝

1

r2

)
. He

also knew that Newton had proved mathematically that, because of the inverse square law, no net gravitational force
exists inside a hollow sphere. That is, at every point inside the sphere, the gravitational force from the mass on one
side is balanced by the force from the mass on the other side.
Priestley confirmed Franklin’s results and realised that this was strong evidence that the inverse square law applied

to electricity. In 1767, he published his finding that electric force was an inverse square law. Unfortunately, his paper
went unnoticed by other scientists of his time.

If the force between two charges was an inverse square law, that is, F ∝
1

rn
where n = 2, could the value of n be

experimentally confirmed?
In 1769, John Robison investigated how the force between charges changed with separation. He determined the

value of the power n to be 2.06, very close to 2. In the 1770s, Henry Cavendish measured the value as between
1.96 and 2.04, but he never published his results.
In 1788 and 1789, Charles-Augustin de Coulomb published a series of eight papers on different aspects of his

electrical experiments, showing that the electric force satisfied the inverse square law.

TABLE 1.1 The results of some of Coulomb’s experiments

Distance

Observed (in units) Calculated from the inverse square law (in units)

36 36 36

144 18 18

576 8.5 9

These results are no better than the earlier ones, so why was Coulomb’s
Law named after him? FIGURE 1.8 Coulomb’s torsion

balance

Thin thread

Insulating

rod

Scale

Charged spheres

+ +

Coulomb’s papers were excellent examples of scientific writing.
They were well organised and thorough. He described his apparatus
in detail, and he discussed possible sources of error in his
measurements. He also used two different methods to determine the
value of n, obtaining the same result with each.
To investigate the force between two charges, Coulomb designed

a torsion balance. His torsion balance had a long silk thread hanging
vertically with a horizontal rod attached at the end. On one end of the
rod was a small metal-coated sphere. On the other end was a sphere
of identical mass to keep the rod level. The metal sphere was given a
quantity of charge and a second metal sphere, charged with the same
type of charge, was lowered to be in line with the first sphere. The
electrical repulsion caused the silk thread to twist slightly. The angle
of twist or deflection of the rod was a measure of the strength of the
repulsive force.

Pdf_Folio:11
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Coulomb was able to measure the force to an accuracy of less than a millionth of a newton.
Coulomb found that the force between two point charges at rest is directly proportional to the product of the

magnitudes of the charges and inversely proportional to the square of the distance between them:

F ∝
q1q2

r2

This expression has no equals sign; it is not an equation or formula. Coulomb was able to measure the force and
separation very accurately, but charge was such a new concept that there were no units to measure it. Coulomb was
only able to show that halving the size of each charge reduced the size of the force by a quarter.
It was not until the unit for current, the ampere, was defined and precisely measured that a unit for charge could be

defined and calculated:

charge = current × time
(
Q = I × t

)
This unit was called the coulomb after Charles-Augustin de Coulomb. One coulomb of charge equals the amount of

charge that is transferred by one ampere of current in one second.

TABLE 1.2 Charge and its unit

Quantity Symbol Unit Example

charge Q coulomb (C) Q = 5.0 C

A coulomb of charge is a large quantity of charge. For example, the amount of charge transferred when fur is rubbed
against a glass rod is a few millionths of a coulomb. In a typical lightning strike, about 20 coulombs of charge is
transferred, whereas in the lifetime of an AA battery, about 5000 coulombs passes through the battery.
When the electron was discovered, its charge was determined to be 1.602 × 10−19 coulombs, which means that the

total charge of 6.241 × 1018 electrons would equal one coulomb.
Once a unit to measure charge was available, the above relationship for the force between charges could be written

as an equation with a proportionality constant, k.

Coulomb’s Law: The force between two point charges at rest is directly
proportional to the product of the magnitudes of the charges and
inversely proportional to the square of the distance between them.

F = k
q1q2
r2

where F is the force on each charged particle
k is Coulomb’s constant (8.99×109 N m2 C−2)
q1 and q2 are the signed magnitudes of the two charges
r is the distance between the two charges

In fact, k only has a value of 8.99 × 109 N m2 C−2if there is a vacuum between the charges. Air has a
similar value, but if the charges are immersed in any other substance, the force is reduced.

For ease of calculation and remembering, the value of k is usually approximated to 9.0 × 109 N m2 C−2.
This constant has no special name, unlike the constant in Newton’s Law of Universal Gravitation. It goes by
various names, such as ‘the electric force constant’ and ‘Coulomb’s constant’.

Because the signs of the charges are included in the formula expressing Coulomb’s Law, the sign of
the force value, F, indicates whether the force is attractive or repulsive: a positive force value indicates
repulsion and a negative force value indicates attraction.
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SAMPLE PROBLEM 3

Two balloons are rubbed on a woollen jumper and each gain a charge of 2.0 nC. What force does
one balloon exert on the other when they are 10.0 cm apart? Is this an attractive or repulsive
force?

Teacher-led video: SP3 (eles-XXXX)

THINK WRITE

Recall Coulomb’s Law:F = k
q1q2
r2

. FB1 on B2 =
8.99 × 109Nm2 C−2 × 2.0 × 10−9C × 2.0 × 10−9 C

(0.10m)2

= 3.6 × 10−6 N
The force has a positive sign, so the two balloons
repel each other.

PRACTICE PROBLEM 3
In the hydrogen atom, the electron and proton are on average 5.3 × 10–11 m apart. An electron has
a charge of –1.6 × 10–19C, and a proton has a charge of +1.6 × 10–19C. Find the magnitude of the
electrical force between the electron and proton. Is it attractive or repulsive?

Interactivity Doing the twist int-6608

1.3.2 The electric field from a charged particle
Attraction and repulsion between charges occurs without the need for contact — therefore, ‘action at a
distance’ occurs. To explain such interactions, Michael Faraday (1791–1867) proposed the concept of a
‘field’. In the case of an electric charge, there was an electric field in the space around the charge such that
if a second charge was placed in that space, it would experience an electrical force. The electric field at that
point interacts directly with this second charge to produce a force.

If the first charge is represented by Q and the second charge is a small test charge q, then the force on

each charge is given by F = k
Qq

r 2
. The strength of the electric field, E, is defined by the force on the small

test charge divided by the size of the test charge, or force per unit charge, and the unit for electric field is
Newtons per coulomb or N C−1:

E = F

q
=

(
k
Qq

r2

)
q

Cancelling q gives:

E = k
Q

r 2

where E is the strength of the electric field due to a point charge
Q is the charge of the point charge
r is the distance from the point charge

Pdf_Folio:13

TOPIC 1 Gravitational, electrical and magnetic fields 13

UNCORRECTED PAGE PROOFS



“c01GravitationalElectricalAndMagneticFields_print” — 2019/6/29 — 8:21 — page 14 — #14

This is a similar situation to the expressions for gravitational field.

TABLE 1.3 Comparison between expressions for electric and gravitational
fields

Force and field between masses Force and field between charges

Fg =
Gm1m2

r2
F =

kq1q2

r2

Fg = mg F = qE

g =
GM

r2
E =

kQ

r2

However, electrical interactions are different from gravitational interactions in that electric charges can
attract and repel. There are two types of charge, positive and negative, with like charges repelling each
other and unlike charges attracting.

SAMPLE PROBLEM 4

What is the magnitude of the electric field at a point 50 cm to the left of a point charge of
+2.0 × 10–7 C?

Teacher-led video: SP4 (eles-XXXX)

THINK WRITE

Recall the formula for an electric field:

E = kQ

r2

E = 9 × 109 NC−2 m2 × 2.0 × 10−7 C

(0.5m)2

= 7.2 × 103 N

PRACTICE PROBLEM 4
What is the magnitude of the electric field at a point 30 cm to the right of a point charge of –3.0 ×
10–6 C?

Drawing an electric field diagram
When you draw a gravitational field, the field lines indicate the direction in which a mass would move. But
for an electric field, because there are two types of charge, a convention is needed so that you can correctly
interpret field diagrams.

In an electric field diagram, the direction of the field is the
direction in which a positive charge would move.
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This is shown in the following diagrams.

FIGURE 1.9 Fields around (a) a positive charge and (b) a negative
charge

–+

(a) (b)

Remember that the changes in the density of the field lines give an indication of changes in the strength
of the field. For the source charges in figure 1.9, the fields lines spread out from the centre. The increased
spacing between field lines further away from the centre is an indication of the decreasing strength of the
field.

SAMPLE PROBLEM 5

Consider a particle with a charge of 1.0 μC.
a. Draw a diagram of the field of the particle.
b. Draw a vector showing the force on a 1nC charge placed 2.0 cm from the particle.
c. Draw a vector showing the force on a -1 nC charge placed 2.0 cm from the particle.
d. Draw a vector showing the force on a 1 nC charge placed 4.0 cm from the particle.

Teacher-led video: SP5 (eles-XXXX)

THINK WRITE

a. Recall the shape of the electric field around
a point charge.

a.

+
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b. As the charges are both positive, they will repel
each other.

b.

+

2 cm

c. As the charges are opposite, they will attract each
other.

c.

+

2 cm

d. As the charges are both positive, they will repel
each other. As the distance between the charges has

doubled, the force between them has reduced to
1

4
of the original force.

d.

(d)

4 cm

+

PRACTICE PROBLEM 5
Consider a particle with a charge of –1.0 μC.
a. Draw a diagram of the field of the particle.
b. Draw a vector showing the force on a 1 nC charge placed 2.0 cm from the particle.
c. Draw a vector showing the force on a –1 nC charge placed 2.0 cm from the particle.
d. Draw a vector showing the force on a 1 nC charge placed 4.0 cm away from the particle.
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Graphing the electric field
FIGURE 1.10 The electric field at an increasing distance
from (a) a positive charge, (b) a negative charge

+
r E

P

−
r P

E

(a)

(b)

E

0 r

E

0 r

The direction of the electric field is
the direction in which a positive test charge
would move.

For a central positive charge, the direction
of the electric field vector at a point P is in
the same direction as the position vector of P.
This means that the graph of the electric field
is above the distance axis.

For a central negative charge, the direction
of the electric field vector is in the opposite
direction to the position vector, so the graph
of the electric field around a negative charge
will be below the distance axis.

1.3.3 Electric fields from two or more charges:
dipoles and parallel charged plates
When two or more charged sources are present, the fields from each of the individual sources are added
together to give the total field. Remember that fields are vectors and obey vector addition laws.

Consider the following diagram of the electric field for two positive charges:

FIGURE 1.11 The field from two positive charges

+ + + + +

At the point halfway between the two charges, the fields from the two charges completely cancel,
resulting in a field of zero. Notice that at large distances from the charges, the field lines look very similar
to the field lines from a point with twice as much charge.

If you look at the situation of a positive charge near a negative charge of equal size, known as an electric
dipole, you obtain a very different pattern:

FIGURE 1.12 The field from a positive and a negative charge, known as an electric dipole

+ + – + –

The field pattern from the electric dipole cannot be confused with the field from a single charge. It has
a definite attractive end and a definite repulsive end.
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When a positive charge and a negative charge are separated by a short distance, the electric field around
them is called a dipole field. This concept is also relevant to magnetic fields, where the ends of a bar
magnet have different polarities (north and south). However, electric dipoles do occur in nature.

Electric dipoles play a very important role in atoms and molecules. For example, in a molecule of water,
H2O, the oxygen atom more strongly attracts the shared electrons than do each of the hydrogen atoms.
This makes the oxygen end of the molecule more negatively charged and the hydrogen end more positively
charged. Because of this, the water molecule is called a polar molecule. It is this polarity that makes water
so good at dissolving substances.

FIGURE 1.13 A water molecule (H2O)
displays polarity because the shared
electrons are attracted more strongly to
the oxygen atom than to the hydrogen
atoms.

Partial negative charge

Partial positive charge

H H

O

− −

− −

FIGURE 1.14 Partial circuit diagram of
an antenna

Q

E

–

–

–

–

+

+

+

+

SAMPLE PROBLEM 6

a. Sketch the field due to the two particles shown in the following diagram, each
with a charge of –1.0 μC separated by 4.0 cm. A

–

B

–

b. Draw a vector indicating the direction of the force on a 1 nC charge
placed to the left of particle A.

c. Describe how the direction of the force on the 1 nC charge changes as it is moved along an
imaginary line connecting particles A and B.

Teacher-led video: SP6 (eles-XXXX)

THINK WRITE

a. Recall the shape of the electric field around two
negative charges.

a.

– –

A BPdf_Folio:18
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An antenna can be described as a varying electric dipole. To produce a radio or a TV signal, electrons
are accelerated up and down the antenna. At one moment, the top may be negative and the bottom
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b. As the charge is positive, it is attracted to the
negative particles A and B, which are directly to the
right of the charge.

b.

+ +

c. The positive charge is attracted to both negative
point charges A and B. The overall net force on the
charge is the sum of the forces acting on it from
particles A and B.

c. When the 1 nC charge moves past
particle A to the right-hand side, it
experiences an attractive force to the
left from particle A and also an
attractive force to the right from
particle B. Because the charge is
closer to particle A than particle B,
the force acting to the left is stronger
than the force to the right, so the net
(or overall) force on the 1 nC charge
at this point is to the left (but it is
smaller in magnitude than the force it
experienced in part b). As the charge
is moved closer to particle B, the
magnitude of the leftwards net force
decreases to zero at the point halfway
between the two particles. When the
charge moves closer to particle B than
particle A, the net force acts to the
right and becomes stronger as the
charge moves closer to particle B.

PRACTICE PROBLEM 6
Sketch the electric field that would result from particle A having a negative charge of 1 μC and
particle B having a positive charge of 1 μC.
a. Compare the force on a 1 nC charge placed to the left of particle A with one placed to the

right of particle A.
b. Describe how the force changes on the 1 nC charge as it is moved along an imaginary line

between A and B.

AS A MATTER OF FACT
The structure of DNA and electrical attraction
A DNA molecule is a long chain molecule built from four small molecules: adenine (A), cytosine (C), guanine
(G) and thymine (T). These are arranged along the DNA molecule according to a code called the genetic code.
Different sequences of A, C, G and T code for different amino acids, which are combined one after the other
to produce different protein molecules. Two DNA molecules wrap around each other in a spiral to produce a
double-helix chromosome.
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FIGURE 1.15 Electrical attraction in a DNA molecule
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The two DNA molecules in the
helix are held together by electrical
attraction between the polar ends
of the four small molecules A, C,
G, and T. The chromosome is able
to replicate itself because A and T
can only pair up with each other,
and likewise C and G can only pair
up with each other. If there is an A
on one strand, there must be a T
immediately opposite on the other
strand, and so on.
Figure 1.16 shows that one of

the oxygen atoms in the thymine molecule is slightly negative, and one of the hydrogen atoms in the adenine
molecule is slightly positive. Similarly, a hydrogen atom in the thymine molecule is slightly positive, and a nitrogen
atom in the adenine molecule is slightly negative. These two slight electrical attractions are enough to hold these
two molecules together, and the separations across these weak bonds are comparable in length.

FIGURE 1.16 Electrical attraction between thymine and adenine
molecules
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FIGURE 1.17 Electrical attraction between guanine and cytosine
molecules
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Guanine and cytosine have a similar arrangement, except that there are three pairs of electrical attraction.
Most importantly, the separations of the weak bonds between guanine and cytosine are comparable to each
other and also to those of adenine and thymine. Without this matchup of separations, a chromosome could not
hold together, nor could it form a double helix.

The electric field between parallel charged plates
If a set of positive and negative charges were lined up in two rows facing each other, the lines of electric
field in the space between the rows would be evenly spaced, that is, the value of the strength of the field
would be constant. This is called a uniform electrical field.

It is also very easy to set up. Just set two metal plates a few centimetres apart, then connect one
plate to the positive terminal of a battery and connect the other plate to the negative terminal of the
battery. The battery will transfer electrons from one plate, making it positive, and put them on the
other, making that one negative. The battery will keep on doing this until the positive plate is so
positive that the battery’s voltage, or the energy it gives to each coulomb of electrons, is insufficient
to overcome the attraction of the positively charged plate. Similarly, the negatively charged plate
will become so negative that the repulsion from this plate prevents further electrons being added.

FIGURE 1.18 A uniform electric field
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FIGURE 1.19 An electric field between
two plates

– – – – – – – – – –
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–
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+ + + + + + + + + +

+
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supply

plate X

E

plate Y

The uniform field between the plates means that the force experienced by a particle placed at any position
between the plates is the same, and the magnitude of this force can be calculated using the following
formula:

F = qE

where F is the force on the charged particle
q is the charge of the particle experiencing the force
E is the strength of the electric field.

We shall see in topic 3 that this has many important applications and is the basic building block of a
particle accelerator.
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SAMPLE PROBLEM 7

The electric field strength between two parallel plates separated by 2.0 cm is 10 N C-1. An
electron enters the space between the plates.
a. Calculate the magnitude of the force on the electron.
b. Describe the direction of the force on the electron.
c. Calculate the change in velocity of an electron that starts at rest halfway between the two plates.

Teacher-led video: SP7 (eles-XXXX)

THINK WRITE

a. Recall that F = qE and that the charge on the
electron is –1.6 × 10–19 C.

a. F = qE

= −1.6 × 10−19C × 10NC−1

Hence, the magnitude of the force is
1.6 × 10−18N.

b. Remember that the electron has a negative charge. b. The sign of the force is opposite to the
sign of the field, so the electron
experiences a force in the opposite
direction to the electric field and will
be accelerated towards the positive
plate.

c. 1 The electron experiences a constant force, so it
undergoes constant acceleration.
Apply Newton’s Second Law, F = ma, to
determine the acceleration.

c. a = Fnet

m

= 1.6 × 10−18 N

9.1 × 10−31 kg
= 1.8 × 1012 ms−2

2 The values of the initial velocity, acceleration and
distance travelled are known, so these can be used
in the equation v2 = u2 + 2as to calculate the final
velocity.

v2 = 0 + 2 × 1.8 × 1012ms−2 × 0.01m
⇒ v = 1.9 × 105ms−1

PRACTICE PROBLEM 7
The electric field strength between two parallel plates separated by 2.0 cm is 20 N C–1. A proton is
placed halfway between the plates.
a. What is the magnitude of the force on the proton?
b. Describe the direction of the force on the proton.
c. Calculate the change in velocity of a proton that starts at rest halfway between the two

plates.

1.3 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. A negative test charge is placed at a point in an electric field. It experiences a force in an easterly direction.
What is the direction of the electric field at that point?
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2. (a) Determine the strength of the electric field 30 cm from a charge of 120 µC.
(b) Determine the direction and magnitude of the electric force on a 10 µC charge placed 30 cm from the

120 µC charge.
3. An electric force of 1.5 N acts upwards on a charge of +3.0 µC. What is the strength and direction of the

electric field?
4. A and B are metal spheres x metres apart. Each has a charge of +q coulombs. The force they exert on

each other is 5.0 × 10−4 newtons. Determine the magnitude of the force in each of the following situations.
(Consider the situations separately.)
(a) The separation of A and B is increased to 2x metres.
(b) A charge of +2q coulombs is added to B. Are the forces on A by B and on B by A still equal in

magnitude?
(c) A charge of −3q coulombs is added to A.
(d) The distance is halved and the charges are changed to +0.5q on A and 4q on B.

5. Sketch the electric field around two positive charges, A and B, where the charge on A is twice that on B.
6. Two small spheres, A and B, are placed with their centres 10 cm apart. P is 2.5 cm from A. What is the

direction of the electric field at P in the following situations?
(a) A and B have the same positive charge.
(b) A has a positive charge, B has a negative charge and the magnitudes are the same.

7. Two small spheres are placed with their centres 20 cm apart. The charges on each are +4.0 × 10−8 C and
+9.0 × 10−8 C. Where between the two spheres would a test charge experience zero net force?

8. Two metal plates, X and Y, are set up 10 cm apart. The X plate is connected to the positive terminal of a
60 V battery and the Y plate is connected to the negative terminal. A small positively charged sphere is
suspended midway between the plates and it experiences a force of 4.0 × 10−3 newtons.
What would be the size of the force on the sphere if it was placed 7.5 cm from plate X?

9. (a) Calculate the acceleration of an electron in a uniform electric field of
strength 1.0 × 106 N C−1.

(b) Starting from rest, how long would it take for the speed of the electron to reach 10% of the speed of
light? (Ignore relativistic effects.)

(c) What distance would the electron travel in that time?
10. In an inkjet printer, small drops of ink are given a controlled charge and fired between two charged plates.

The electric field deflects each drop and thus controls where the drop lands on the page.
Let m = the mass of the drop, q = the charge of the drop, v = the speed of the drop, l = the horizontal
length of the plate crossed by the drop, and E = electric field strength.
(a) Develop an expression for the deflection of the drop. Hint: This is like a projectile motion question.
(b) With the values m = 1.0 × 10−10 kg, v = 20 m s−1, l = 1.0 cm and E = 1.2 × 106 N C−1, calculate the

charge required on the drop to produce a deflection of 1.2 mm.
l

Drop

generator

Charging

unit

PaperDeflecting

plates

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.
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1.4 Magnetic forces and fields

KEY CONCEPTS
• describe magnetism using a field model
• investigate theoretically and practically magnetic fields, including directions and shapes of fields, and
attractive and repulsive fields

• investigate and apply theoretically and practically a vector field model to magnetic phenomena, including
shapes and directions of fields produced by bar magnets, and by current-carrying wires, loops and
solenoids

• identify fields as static or changing, and as uniform or non-uniform.

In this section, you will explore the nature of magnetic interactions and learn how to describe magnetism
using a field model. You will find, unlike for gravitational and electric fields, that the sources of magnetic
fields are grouped into two classes: intrinsically magnetic materials and magnetic fields arising from
moving charged particles. The interrelation of electric and magnetic fields will be revisited later in this book
when you study electromagnetic radiation, otherwise known as light.

1.4.1 Early ideas about magnetism
Magnetism has been known of since the beginning of recorded history. The ancient Athenians (600 BC)
observed that a stone could attract pieces of iron. They called this stone ‘magnet’ because it was found in
an area that was then called Magnesia (now in Turkey). They noticed that the pieces of iron attracted to this
stone could also then attract other pieces. The magnet had ‘magnetised’ the iron it was in contact with. This
process is called induction.

AS A MATTER OF FACT
The stone called ‘magnet’ is an iron oxide called magnetite. It has the chemical formula Fe3O4. It is black, metallic
and quite hard. The stone has also been called a lodestone, which comes from ‘leading stone’. This refers to the
fact that a magnet, if free to move, orients itself along a north–south line.

In trying to explain their observations of magnetism, the Greeks and Romans concentrated on the fact
that magnets attract iron.

In his book, De Rerum Natura (On the Nature of Things), Lucretius said the following:

At this point, I will set out to explain what law of nature causes iron to be attracted by that stone which the
Greeks call from its place of origin, ‘magnet’, because it occurs in the territory of Magnesia. Men look upon
this stone as miraculous. They are amazed to see it form a chain of little rings hanging from it. Sometimes you
may see as many as five or more in pendant succession swaying in the light puffs of air; one hangs from another,
clinging to it underneath, and one derives from another the cohesive force of the stone. Such is the permeative
power of this force.
. . .
So much by way of preface . . . it will be easy to lay bare . . . the cause of the attraction of the iron. First, this
stone must emit a dense stream of atoms which dispels by a process of bombardment all the air that lies between
the stone and the iron. When this space is emptied and a large tract in the middle is left void, then atoms of the
iron all tangled together immediately slide and tumble into the vacuum. The consequence is that the ring itself
follows and so moves in with its whole mass. No other substance is so rigidly held together by the entanglement
of its elemental atoms as cold iron, that stubborn and benumbing metal.
. . .
Summing up in a few brief words, when the textures of two substances are mutually contrary, so that the hollows
in the one correspond to the projections in the other . . . then connection between them is most perfect. It is even
possible for some things to be coupled together, as though interlinked by hooks and eyes. And such, it would
seem is the linkage between iron and magnet.Pdf_Folio:24
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While Lucretius provides a picturesque model of a magnet’s attraction for iron, it does not explain later
observations. From about AD 800 onwards, most cultures discovered that magnets always point in the same
direction if free to spin. The magnetic compass became a necessary tool for navigation and exploration.

In ancient times, while the attraction of magnets for iron was an obvious phenomenon, the repulsion
between magnets was either not observed or not considered as important as the attraction. The early ideas
do not explain repulsion.

FIGURE 1.20 A magnet will line up with
a line from north to south if it is allowed
to spin freely.

S

N

FIGURE 1.21 The end of the magnet
marked ‘S’ is called the south end of the
magnet because it points generally
towards geographic south.
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It was only much later that attraction and the repulsion between two magnets were treated equally. This
appreciation led Peter Peregrinus, a French soldier living in the thirteenth century, to propose three ideas:
1. The ends of the magnet, where the strongest attraction for iron occurred, were different from

each other.
2. When the ends were brought together, the two like ends repelled each other.
3. The two unlike ends attracted each other.

FIGURE 1.22 Like ends repel; unlike
ends attract.

NS N S

NS NS

The end of the magnet that pointed towards the north was called the north-seeking end, or north end for
short. The other end was called the south end.

These simple ideas were forgotten during the Middle Ages. In the sixteenth century, Dr Gilbert, a
physician to Queen Elizabeth I, developed the same ideas. He also found that a freely suspended magnet
dipped down at an angle to the horizontal and that this angle varied with latitude. He explained these
observations by suggesting that Earth contained a magnet.
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FIGURE 1.23 A magnet compass not
only aligns itself along a line from north
to south, it also dips downwards at an
angle that varies with latitude. At a
region near the South Geographic Pole,
called the South Magnetic Pole, it
actually points vertically downwards.
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FIGURE 1.24 A compass needle is
lined up by Earth’s magnet. The
south-seeking end of the needle points
towards geographic south. But because
unlike ends attract, this end of Earth’s
magnet must be a magnetic north end.
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Today, Gilbert’s idea of a solid magnet inside Earth is rejected because Earth’s crust does not contain
sufficient iron for the measured strength of Earth’s magnetism. Also, much of Earth’s core is molten liquid.
A satisfactory explanation is still being sought for the origin of Earth’s magnetism.

Although Gilbert’s work was a major breakthrough, his concept of how magnets attracted the iron was
very similar to that of Lucretius:

Magnetic force is something animate, it imitates a soul, nay, it surpasses the human soul. It sends forth its energy
without error . . . quick, definite, constant, directive, imperant, harmonious. The magnet emits an effluvium
which reaches out to the attracted body as a clasping arm and draws it to itself.

1.4.2 Magnetic fields and magnetic materials
It was only when Michael Faraday (1791–1867) suggested the concept of a magnetic field that a useful
model appeared. The magnetic field was described as a property of the space around a magnet, so that if
a piece of iron was in that space it would experience a force. The lines typically drawn around a magnet
represent the direction of this field, and their closeness indicates its strength. The lines are imaginary; they
help to visualise a very abstract but useful concept. A picture (or diagram) of iron filings around a magnet is
an effective representation of a magnetic field.

There are rules for drawing field lines:
• Each field line is a continuous loop that leaves the north end of the magnet, enters at the south end and

passes through the magnet back to the north end.
• Field lines do not intersect.
• The direction of the magnetic field at a point is along the tangent to the field line.
• The closeness of the lines represents the strength of the magnetic field.
Magnets can be designed to produce fields of different shapes. A horseshoe magnet with adjacent ends

produces a strong and even field between the ends. A circular magnet with a north end in the middle
produces a radial field that points outward all the way around. This design is used in loudspeakers.

Some magnets have stronger fields than others. The strength of a magnetic field is measured in tesla.
The strength of Earth’s magnetic field at its surface is quite small, about 10−4 tesla or 0.1 millitesla
(0.1 mT). The strength of a typical school magnet is about 0.1 T. A fridge magnet is about 30 mT. The
strongest permanent magnetic fields typically produced have field strengths of about 1.0 T.Pdf_Folio:26
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FIGURE 1.25 (a) A magnetic field can be represented by the direction
and closeness of field lines on a page. (b) Closer lines represent increased
strength.

N

S

NN

(a) (b)

FIGURE 1.26 Differently shaped magnetic fields can be created
by arranging the north and south ends of the magnet, as shown by
(a) a horseshoe magnet and (b) a circular magnet.

(a) (b)

N NS

S

Horseshoe magnet Circular magnet
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SAMPLE PROBLEM 8

N

S

Consider the following diagram of the magnetic field of
a bar magnet.
a. In what direction would a compass point if placed at points

X, Y and Z?
b. Rank the points in order of increasing field strength.

Teacher-led video: SP8 (eles-XXXX)
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THINK WRITE

a. Remember that the field lines indicate the direction
that a magnetic compass would point.

a. At X, the field lines point away from
the north pole of the bar magnet, so a
compass placed there would point
towards the right, away from the
north pole.
At Y, the field lines point towards the
left, so the compass needle would
point towards the left.
At Z, the field lines curve, so the
compass would follow the tangent to
the curve and would point to the right
at an angle of approximately 45°
upwards.

b. Remember that the density of the field lines
indicates the relative strength of the field.

b. The field lines are most dense at X
and least dense at Y, so the points in
order of increasing field strength
would be Y, Z, X.

PRACTICE PROBLEM 8
Consider the magnetic field of a horseshoe magnet.
a. In what direction would a compass point if placed just to the left of the north pole?
b. In what direction would a compass point if placed halfway between the north and south

pole?
c. In which position would the field be strongest?

N S

Digital documents Investigation 1.1 Magnetic compass doc-18538

Teacher-led video Investigation 1.1 Magnetic compass eles-####
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1.4.3 Magnetic fields from moving charges
Hans Christian Oersted, like many others at the time (1820), thought there was a connection between
electricity and magnetism. He placed a wire carrying a current over a magnetic compass and saw that
the needle deflected. He then placed the wire under the compass and the needle deflected in the opposite
direction.

FIGURE 1.27 (a) Switch open in circuit, and (b) switch closed in circuit.
To achieve maximum deflection, the wire should be placed in line with the
magnetic needle before the current is turned on.

(a)

N

N

wire (b)

N

N

wire

Deflection of a compass needle means there is a magnetic field associated with the current, which causes
the needle to line up with it. Using a compass, the field around a current in a wire can be mapped.

Representing current and its magnetic field often requires a three-dimensional view. To achieve this on a
flat two-dimensional page, a convention is adopted.

FIGURE 1.28 The compasses
around the wire show a circular
magnetic field.

N

N

I

I

N

The symbol of a circle with a dot in the middle is used to represent a
magnetic field coming out of a page. A circle with a diagonal cross is used to
represent a magnetic field going into the page.
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The symbols shown in figure 1.29 are designed to suggest, in the instance on the right, the point of an
arrow coming towards the reader and, in the instance on the left, the feathers of the arrow going away from
the reader.

FIGURE 1.29 Magnetic fields going into the page (from B) and coming out of
the page (from A)

N

From AFrom B

S

B A

page

N S

Current-carrying wire and the right-hand-grip rule
Oersted’s observation that a wire carrying a current exerts force on a compass needle led to the
understanding that moving charges are a source of magnetic field. The right-hand-grip rule is a useful
aid for relating the direction of the current flow to the direction of the associated magnetic field.

The right-hand-grip rule: The wire carrying the current is gripped by the right hand, with
the thumb pointing in the direction that conventional current (the direction a positive
charge would move) flows. The fingers wrap around the wire in the direction of the
magnetic field.

FIGURE 1.30 If a person’s right hand
holds the wire with the thumb pointing in
the direction of the conventional current,
the fingers curl around the wire in the
direction of the magnetic field.

I
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SAMPLE PROBLEM 9

Use the right-hand-grip rule to determine the direction of the magnetic field at point P in the
following diagrams.

(a) (b)

PI
I P

Teacher-led video: SP9 (eles-XXXX)

THINK WRITE

Point your thumb in the direction of the current
so that the curl of your fingers shows the
direction of the field.

(a) The current points upwards, so,
byapplying the right-hand-grip rule,the
magnetic field circulates aroundthe wire
pointing into the pageat P.

(b) The current points downwards, so,by
applying the right-hand-griprule, the
magnetic field circulatesaroundthe wire,
pointing out ofthe page at P.

PRACTICE PROBLEM 9
Use the right-hand-grip rule to determine the direction of the magnetic field at point X in the
following diagrams.

(a)

X

I

(b)

X

Current into

page

Loops and Solenoids
Applying the right-hand-grip rule to a loop of wire shows that the magnetic field enters at one side of the
loop and exits from the other side, all the way around the loop. Joining loops together results in a solenoid.
The magnetic fields from each loop add together to produce a stronger magnetic field.

If the loops are very close together, the field lines within the coil are parallel to the axis of the coil. The
field lines then emerge from one end of the solenoid, curve around and enter the other end of the solenoid,
completing the path for the field lines. The shape of this field is similar to that of a bar magnet. The ends of
the solenoid can be labelled north and south. The field emerges from the north end. Looking from this end
along the axis, the current is seen to be travelling anticlockwise. The other end is opposite.
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FIGURE 1.31 Applying the right-hand-grip rule to each part of
the loop reveals that, at all points of the loop, the magnetic field is
curving in the same direction.

(a) (b)

I

I

I

I

FIGURE 1.32 Using the right-hand-grip rule with a solenoid

A B

From A From B

I I

SAMPLE PROBLEM 10

The following solenoid has a current passing
through it in the direction shown. Draw
five field lines representing the resultant
magnetic field.

Teacher-led video: SP10 (eles-XXXX)
Pdf_Folio:32
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THINK WRITE

Use the right-hand-grip rule. Applying the right-hand-grip rule, you can see
that the magnetic field passes through the
centre of the coil from right to left. Because
magnetic field lines must form closed loops,
the field outside the coil is in the opposite
direction. Inside the coil, the magnetic field is
approximately uniform. Outside the coil, the
strength of the magnetic field decreases away
from the coil.

PRACTICE PROBLEM 10
Consider the magnetic field of the solenoid in sample problem 10. How would the field change if the
direction of the current in the solenoid were reversed?

Creating an electromagnet
FIGURE 1.33 Car parts being lifted by an electromagnet in a car
wrecking yard

In 1823, an English electrical engineer,
William Sturgeon, found that when he
placed an iron rod inside a solenoid,
it greatly increased the strength of the
magnetic field of the electric current
to the point where it could support
more than its own weight. Sturgeon
had invented the electromagnet. He
ultimately built a 200 g electromagnet
with 18 turns of copper wire that was
able to hold 4 kg of iron with current
supplied by one battery.

By placing an iron core inside a
solenoid, Sturgeon had made a
magnet that could be turned on and
off at the flick of a switch, and made
stronger by increasing the current.
His invention has many applications.
In a wrecking yard, for example, electromagnets are used to separate metals containing iron from
other metals.
Pdf_Folio:33
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The difficulty with using iron in an electromagnet is that when the current is turned off, the iron loses its
magnetism. However, by adding carbon to the iron to produce an alloy, the magnetism is not lost when the
current is turned off — a permanent magnet has been made. Stronger and more long-lasting magnets are
made with different combinations of elements. The common ‘alnico’ magnets in schools are made from
iron (54%), nickel (18%), cobalt (12%), aluminium (10%) and copper (6%).

Explaining magnetism in atoms
The solenoid provides a model for the magnetism in a magnet and the iron rod. The shapes of the magnetic
fields of a solenoid and of a magnet are identical. The magnetic field in the solenoid is produced by a
current travelling in a circle, and the magnetic field is at right angles to the plane of the circle.

Electrons travel around the nucleus of an atom in circle-like paths, so each electron must produce its
own magnetic field. In most atoms, the paths of the electrons are randomly oriented, so their magnetic
fields cancel out. However, the paths of a few electrons in an iron atom always line up. These are shielded
by outer electrons, so they are not disturbed by other atoms. In this way, each iron atom can act as a little
magnet.

When there is a current flowing through a solenoid with an iron core, the magnetic field lines up all
the atoms in the iron core so their magnetic fields all point in the same direction. This creates a very
strong field. However, when the current is turned off, the motion of the atoms rapidly produces a random
rearrangement due to their temperature.

In artificial magnets (e.g. fridge magnets), other elements are added to iron to hold the iron atoms in
place while they are lined up by another magnetic field so they stay lined up. This produces a permanent
magnet. The crystal structure of magnetite forces its atoms to line up.

AS A MATTER OF FACT
In a piece of iron, groups of nearby atoms line up together throughout the metal into regions called magnetic
domains. When the iron is placed in a magnetic field, the domains that are already lined up with the external field
increase in size as other domains shrink.

FIGURE 1.34 (a) The magnetic fields of adjacent iron atoms align
themselves in local areas called domains. (b) Domains in a piece of
iron exposed to a magnetic field, acting to the right

(a)

(b)

1.4.4 Fields from multiple magnetic sources
Like the gravitational field and electric field, the magnetic field is also a vector field. When more than one
magnetic source is present, the total magnetic field is the vector sum of the original fields.
Pdf_Folio:34
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FIGURE 1.35 The magnetic field from two bar magnets

FIGURE 1.36 The magnetic field from a binary star system in
which each star has a magnetic field

Pdf_Folio:35
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FIGURE 1.37 Magnetic field
measurements around a current-carrying
wire. The effect of the Earth’s magnetic
field can be seen in the orientation of
the compass needles, particularly in the
ones to the left and right of the wire.
The compass needles are not perfectly
perpendicular to the wire, but slightly
tilted to the left-hand side of the page,
indicating that the Earth’s magnetic field
points towards the left-hand side of the
page in this experiment.

You may have noticed that fridge magnets are magnetic on
one side only, which seems to contradict our understanding
of magnetic field lines. This is because a fridge magnet is
a composition of magnets arranged in a Halbach array. The
superposition of the Halbach array of alternating horizontal
and vertical magnetic fields results in magnetic field on one
side of the array only.

FIGURE 1.38 During manufacture, rubber sheet embedded
with ferromagnetic particles is exposed to an alternating
magnetic field so that the sheet acquires a magnetic field that
alternates vertically and horizontally, as shown in this diagram.
The resultant field is zero on one side of the sheet.

SAMPLE PROBLEM 11

The magnetic field at point X from the current-carrying solenoid shown in the following
illustration is 25 μT. The Earth’s magnetic field is 25 μT.
a. What direction would a compass point if it were placed at point X?
b. Calculate the strength of the resultant magnetic field at X.

X

N

Teacher-led video: SP11 (eles-XXXX)

THINK WRITE

a. At point X, the compass would point along the
direction of the sum of the magnetic fields of the
solenoid and the Earth.

a. The combined vector sum is

Btotal

BEarth

Bsolenoid The diagram

shows that the resultant would point
in a north-east direction.
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b. The strength can be calculated using Pythagoras’s
theorem.

b. B =√(B2
solenoid + B2

Earth)

= √(252 + 252)𝜇T
= 35𝜇T

PRACTICE PROBLEM 11
A neodymium iron boron magnet is placed 1.0 cm from a magnetic probe at point X. The field
strength due to the magnet is 0.01 T. A second identical magnet is also placed 1.0 cm from a magnetic
probe, but at right angles to the first magnet.
a. What is the resultant strength of the magnetic field at point X?
b. What are the possible directions of the magnetic field at point X?

Digital document Investigation 1.2 Electromagnets doc-18539

Teacher-led video Investigation 1.2 Electromagnets eles-####

Weblink Magnetic field around a wire applet

1.4 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. How would you use a magnet to test whether a piece of metal was magnetic?
2. How could naturally occurring magnets have been formed?
3. Why do both ends of a magnet attract an iron nail?
4. What is the polarity of Earth’s magnetic field at the magnetic pole in the Southern Hemisphere?
5. Draw the magnetic field lines for the following items:

(a) a loudspeaker magnet
(b) a horseshoe magnet.

S N

(b) Horseshoe magnet(a) Loudspeaker

N

N

SN N

6. Use the right-hand-grip rule to determine the direction of the magnetic field at point X in the following
diagrams.

(a)

X I

(b)

X

I

(c)

X

Current out 

of page
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7. Copy the following diagrams and use the right-hand-grip rule and the direction of the magnetic field at X to
determine the direction of the current in the wire in each case.

(b)

X

I

(c)

X

I

(a)

X
I

(d)

X I

(e)

I

X

8. Use the right-hand-grip rule to determine the direction of the magnetic field at W, X, Y and Z in the
following diagrams. Figure (a) represents a circular loop of wire with a current and figure (b) represents a
solenoid.

(a)

X W

Y

Z

(b)

W

Y

Z

X

9. When current is connected to a solenoid containing two iron rods side by side, the two rods move apart.
Explain why this happens.

10. In Oersted’s experiment, the compass needle initially points north–south. What would happen if the current
in the wire above the needle ran:
(a) west–east
(b) east–west?

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.

1.5 Comparing gravitational, magnetic and
electric fields

KEY CONCEPTS
• compare theoretically and practically gravitational, magnetic and electric fields, including directions and
shapes of fields, attractive and repulsive fields, and the existence of dipoles and monopoles

• compare theoretically and practically gravitational fields and electrical fields about a point mass or charge
(positive or negative) with reference to:
• the direction of the field
• the shape of the field
• the use of the inverse square law to determine the magnitude of the field
• potential energy changes (qualitative) associated with a point mass or charge moving in the field

• identify fields as static or changing, and as uniform or non-uniform.

Pdf_Folio:38

38 Jacaranda Physics 2 VCE Units 3 & 4 Second Edition

UNCORRECTED PAGE PROOFS



“c01GravitationalElectricalAndMagneticFields_print” — 2019/6/29 — 8:21 — page 39 — #39

Gravitational, electric and magnetic fields are all properties of the space around an object, whether the
object is a mass, a charge or a magnetic pole. Lines are used to show the direction of the field, that is, the
direction a test object would move; the strength of the field is shown by the density of the lines. For some
field diagrams, it is not possible to tell the type of field simply by looking at the diagram.

FIGURE 1.39 Field diagrams

(b)(a)

For example, field diagram (a) in figure 1.39 could show either a gravitational field around a mass or an
electric field around a negative point charge. It could not be a magnetic field as, even though it might look
like the field near the south pole of a magnet, there would be a north pole not too far away.

Similarly, field diagram (b) in figure 1.39 could show either an electric field around two opposite charges
or a magnetic field around north and south poles. However, it could not be a gravitational field, because
mass does not come in two opposite versions.

The fields described in this topic are all vector fields, and they share the property that fields from multiple
sources can be added to find the total field at any point.

The essential features of gravitational, electric and magnetic fields are summarised in table 1.4.

TABLE 1.4 Summary of gravitational, electric and magnetic fields

Gravitational field Electric field Magnetic field

Surrounds
…

a mass a charge (i) a magnet (ii) a moving charge

+

N

S

Affects … other masses other charges other magnetic materials and/or moving charges

Symbol and
units

g
N kg−1 (or m s−2)

E
N C−1 (or V m−1)

Btesla, T (or N m A−1)

(Continued)
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TABLE 1.4 Summary of gravitational, electric and magnetic fields (Continued)

Gravitational field Electric field Magnetic field

Magnitude
of field from
a point
source

g =
Gm

r2
E =

kq

r2

A magnetic north or south pole cannot be
isolated to make a point source. Calculating
the magnetic field strength due to a bar
magnet or current-carrying wire is beyond
the scope of this book.

Direction of
the field is
defined by
…

the direction of the
force on a test mass
placed in the field.

the direction of the
force on a positive
test charge placed in
the field.

the direction of the orientation of a compass
placed in the field.

Force in the
field

A mass m placed in
the field experiences
a force mg in the
direction of g.

A charge q placed in
the field experiences
a force qE in the
direction of E.

The force on a magnet
by a magnetic field B
is beyond the scope of
this book.

The force on a moving
charge in the presence
of a magnetic field B
is qvB as described in
topic 3.

Polarity of
the field

unipolar Positive or negative
monopoles. A dipole
field is the field from
a separated positive
and negative charge.

The north or south pole cannot be isolated to
create a magnetic monopole.

A uniform
field exists
…

inside a room on the
Earth’s surface.

between two
oppositely charged
parallel conducting
plates.

between the poles
of a large horseshoe
magnet.

inside a current carrying
coil.

40 Jacaranda Physics 2 VCE Units 3 & 4 Second Edition

SAMPLE PROBLEM 12

Identify similarities and differences between the gravitational field generated from a point mass
and the electric field generated from a positive charge.

Teacher-led video: SP12 (eles-XXXX)

THINK WRITE

Recall that fields are described by
whether they are uniform or
non-uniform, their shape and direction,
and the nature of their source.

Similarities:
1. The gravitational field generated from a

point mass and the electric field generated
from a positive charge both obey an inverse
square law.

2. The point mass and positive charge can both
be described as monopoles.

3. The gravitational field and electric field are
both non-uniform.UNCORRECTED PAGE PROOFS
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Differences:
1. The direction of the gravitational field is

inwards towards the point mass, whereas the
electric field generated from a positive
charge is outwards, away from the point
charge.

2. The gravitational field is attractive for all
other masses, whereas the electric field
generated from a positive charge repels other
positive charges and attracts negative
charges.

PRACTICE PROBLEM 12
Identify similarities and differences between the electric field of a dipole and the magnetic field of
a bar magnet.

You can see there are circumstances in which each type of field can be uniform and circumstances
in which type of field can be non-uniform. Gravitational sources can only attract, whereas electric and
magnetic sources can attract or repel. Gravitational and electric monopoles exist, which can be seen by the
way that field lines can begin from a single point, whereas magnetic field lines can never have a beginning
and an end but must instead form closed loops. The intriguing similarity between the electric dipole
field and the magnetic field from a bar magnet or solenoid hints at the fundamental connection between
electric and magnetic phenomena, a connection that was elegantly and brilliantly captured by James Clarke
Maxwell at the end of the nineteenth century.

Ultimately, the field model is a pathway to describing the forces experienced by objects and to
understanding and predicting the motion of objects and the transfer of energy in gravitational, electric and
magnetic fields. In the following topics, you will be able to apply the simple model previously outlined to
explain phenomena as diverse as the motion of satellites around the Earth, and the operations of a DC motor
and AC electrical generator.

1.5 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. What is the experimental evidence for there being two types of charge?
2. Coulomb’s Law is very similar to Newton’s Law of Universal Gravitation. How do these two laws differ?

Compare electric charge and gravitational mass.
3. Give an example of a source of a uniform and a non-uniform magnetic field. Sketch the field in each case.
4. Identify similarities and differences between the electric field due to two positive charges separated by

1.0 cm and the magnetic field due to two bar magnets with the north poles facing each other, but
separated by 1.0 cm.

5. Compare the magnitude of the electric and gravitational forces of attraction between an electron and a
proton that are a distance 5.3 × 10-11 m apart in a hydrogen atom. (Given data: me = 9.11 × 10-31 kg;
mp = 1.67 × 10-27 kg)

6. A proton is suspended so that it is stationary in an electric field. Using the value of g = 10 m s−2, determine
the strength of the electric field.

7. One of the units for a gravitational field is that of acceleration. Is that also true for an electric field? If not,
why not?
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8. Millikan observed charged oil drops falling at a constant speed in an electric field provided by two charged
plates. In a simplified version of the experiment, the oil drops are in a vacuum, so that when they fall at a
constant speed, the electric force on the drop is equal and opposite to the gravitational force on the drop.
If the mass of an oil drop is 10µg and the charge of the oil drop is 10e–, how large does the electric field
provided by the plates need to be for the gravitational and electric forces to balance?

9. What equal positive charge would the Earth and the Moon need to have for the electrical repulsion to
balance the gravitational attraction? Why don’t you need to know the distance of separation of the two
objects?

10. The strength of the magnetic field at a distance r from a wire carrying a current I is given by the formula

B =
𝜇0I

2𝜋r
,

where 𝜇0 is called the vacuum permittivity constant and has the value 4𝜋 × 10−7 Tm A−1. The strength of
the Earth’s magnetic field at the surface is approximately 50 𝜇T. Calculate how much current needs to flow
through the wire for the magnetic field at a distance of 2.0 cm from the wire to be equal in magnitude to the
Earth’s magnetic field at that point.

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.

1.6 Review
1.6.1 Summary
A vector field model can be applied to gravitational, electric and magnetic fields.

The force, F, on a mass, m, in a gravitational field, g, is given by F = mg. The force, F, on a charge, q, in
an electric field, E, is given by F = qE.

Field strength and point sources
• The magnitude of the gravitational field from a point mass and the electric field from a point charge

both decrease by an amount inversely proportional to the square of the distance from the point source.

• The magnitude of the gravitational field, g, from a point mass,M, is given by g = G
M

r2
. The force of

gravity on an object of mass m1 at a distance r from a body of mass m2 is given by F = G
m1m2

r2
,

which is called Newton’s Law of Universal Gravitation.

• The magnitude of the electric field, E, from a point charge, Q, decreases by an amount inversely

proportional to the square of the distance from the point source, such that E = k
Q

r2
. The electric force

on a charge q1 at a distance r from another charge q2 is given by F = k
q1q2
r2

, which is known as

Coulomb’s Law.
• The force exerted by magnets on other magnets and ferromagnetic materials such as iron can be

explained in terms of a magnetic field; however, there is no magnetic point source or monopole.
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Field shapes and directions
• The gravitational field from a point mass, M, is attractive and non-uniform.
• At the surface of the Earth, because the Earth is so large compared to the scale of human actions, the

gravitational field can be modelled as uniform.
• The electric field around a point charge is non-uniform and can be attractive or repulsive for a positive

charge placed in the field depending on whether the source charge is negative or positive.
• The electric field arising from a separated positive and negative charge is called a dipole field and is

also non-uniform. It is similar in shape to the magnetic field around a bar magnet or the magnetic field
due to a current-carrying loop.

• The electric field between two oppositely charged conducting plates is uniform, allowing charges
placed between the plates to experience constant acceleration.

• An electric current in a wire produces a magnetic field. The direction of the magnetic field around a
long straight current-carrying wire is given by the right-hand-grip rule.

• The magnetic field inside a current-carrying solenoid and between the poles of a large horseshoe
magnet is uniform. The magnitude of the field inside a solenoid is proportional to the size of the
current and the number of loops in the solenoid.

To access key concept summaries and past VCAA exam questions download and print the studyON: Revision and past VACC
exam question booklet

1.6.2 Key terms

A conductor is a material that allows electrical currents to flow.
A dipole field is the electric field surrounding a positive charge and a negative charge that are separated by
a short distance.
An electric dipole is the separation of a pair of oppositely charged or magnetised poles.
An electric field is a vector field describing the property of the space around a charge that causes a second
charge in that space to experience a force due only to the presence of the first charge.
An electrical force is the force experienced by a charged particle if it is placed within the the electric field of
a second charged particle.
An electromagnet is a temporary magnet produced when a solenoid wound around an iron core carries an
electric current.
A gravitational field is a vector field describing the property of the space around an object with mass that
causes a second object with mass to experience a force due only to the mass of the first object.
The induction process is the creation of magnetic properties in an object as the result of the presence of a
second, nearby object with magnetic properties.
An insulator is a material that does not allow electrical current to flow.
The inverse square law describes a relationship in which one variable is proportional to the reciprocal of the
square of another variable.
The term like charges indicates charges with the same polarity.
A magnetic field is a vector field describing the property of the space around a magnet that causes an object in
that space to experience a force due only to the presence of the magnet.
A solenoid is a coil of wire wound into a cylindrical shape.
A uniform electrical field is an electrical field in which the strength and direction are constant at
every point.
The term unlike charges indicates charges with opposite polarity.

Digital document Key terms glossary (doc-#####)
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1.6.3 Practical work and investigations

Investigation 1.1
Magnetic compass
Aim: To use a magnet to map the magnetic field of shapes
Digital document: doc-18538
Teacher-led video: eles-####

Investigation 1.2
Electromagnets
Aim: To construct and study an electromagnet made of insulated wire and a large nail, and connected
to a DC power supply
Digital document: doc-18539
Teacher-led video: eles-####

1.6 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.

1.6 Exercise 1: Multiple choice questions
1. Which of the following correctly describes the gravitational field of the Earth at large distances from

the surface of the Earth?
A. The shape of the field is uniform, it attracts other masses, and the strength of the field is inversely

proportional to the square of the distance from the surface of the Earth.
B. The shape of the field is non-uniform, it attracts other masses, and the strength of the field is

inversely proportional to the square of the distance from the surface of the Earth.
C. The shape of the field is uniform, it attracts other masses, and the strength of the field is inversely

proportional to the square of the distance from the centre of the Earth.
D. The shape of the field is non-uniform, it attracts other masses, and the strength of the field is

inversely proportional to the square of the distance from the centre of the Earth.
2. An astronaut arriving on the Moon feels lighter than on Earth. Which of the following gives the correct

reason for this?
A. The gravitational field strength of the Moon is smaller than that of the Earth; therefore, the normal

force experienced by the astronaut is less than on Earth.
B. The astronaut is a long way from the Earth, so the force due to gravity is smaller.
C. The diameter of the Moon is smaller than the diameter of the Earth, so the gravitational field

strength is smaller.
D. The gravitational field strength of the Moon is smaller than that of the Earth; therefore, the masses

are smaller on the Moon.
3. Which of the following statements is incorrect?

A. Electric fields can attract or repel charges, depending on the type of charge and nature of the field.
B. Electric fields can be uniform or non-uniform.
C. The source of an electric field can be a monopole, an isolated positive charge, or an isolated

negative charge.
D. Electric field lines must always form closed loops.
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4. Which of the following statements is incorrect?
A. Magnetic fields can attract or repel other magnets, depending on the type of magnet and nature of

the field.
B. Magnetic fields can be uniform or non-uniform.
C. The source of a magnetic field can be a monopole, an isolated north pole, or isolated south pole.
D. Magnetic field lines must always form closed loops.

5. Which of the following statements are correct? A moving charged particle
A. creates a magnetic field
B. is not affected by other magnetic fields
C. creates a moving electric field
D. is not affected by other electric fields.

6. The force experienced by a charge q that is a distance r from a charge Q has the value F. Then, the
charge Q and the distance r from Q are both doubled. From the following choices, determine the new
force on q.
A. 1

2F
B. F
C. 2F
D. 4F

7. Two solenoids are placed as shown in the following diagram. Each solenoid contributes a magnetic
field strength of 0.010 T at the point X. What is the total value of the magnetic field strength at X?

×

A. 0.000 T
B. 0.005 T
C. 0.010 T
D. 0.020 T

8. A current-carrying wire is oriented as shown in the following diagram. A compass placed at point P has
the orientation shown. What is the direction of the Earth’s magnetic field at that point?

P

I

A. B. C. D.
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9. A charged particle is placed between two oppositely charged conducting plates. If the strength of the
electric field is doubled (and ignoring gravitational effects), which of the following is true?
A. The net force experienced by the charge doubles.
B. The acceleration experienced by the charge doubles.
C. The final velocity of the particle doubles.
D. The charged particle does not move.

10. A particle is moved along an imaginary line between two masses, M1 and M2. Each mass has a charge,
Q1 and Q2. The charge on the particle is +1 nC. As the particle is moved along the line, the force
experienced by the particle changes. Which of the following statements is not true?
A. If Q1 and Q2 are both positive, there will be a point somewhere on the line where the net electric

force experienced by the +1 nC charge will be zero.
B. If Q1 and Q2 are both negative, there will be a point somewhere on the line where the net electric

force experienced by the +1 nC charge will be zero.
C. If Q1 is positive and Q2 is negative, there will be a point on the line where the net electric force

experienced by the +1 nC charge will be zero.
D. There will be a point on the line where the gravitational attraction of the +1 nC charge to M1 is

equal and opposite to the gravitational attraction of the +1 nC charge to M2

1.6 Exercise 2: Short answer questions
1. Calculate the gravitational field strength at the surface of Mercury (mass: 3.285 × 1023 kg; diameter:

4879 km). Find the ratio of the gravitational force on a ball at the surface of Mercury to the
gravitational force on a ball on the surface of the Earth.

2. What is the strength of the electric field 1.0 mm from a proton?
3. Find the force of repulsion between two point charges with charges of 5.0 microcoulombs (µC) and

7.0 microcoulombs (µC) if they are 20 cm apart.
4. If the force between two charges was 400 mN, how far apart would they need to be moved for the force

to reduce by one-eighth?
5. An electric force of 3.0 N acts downwards on a charge of –1.5 µC. What is the strength and direction

of the electric field?
6. A wire pointing into the page carries a 5.0 A current.

a. Sketch the magnetic field from the wire.
b. The Earth’s magnetic field is in the direction shown in the following diagram and has a uniform

magnitude of 10 µT. At the points P and Q, the value of the magnetic field from the wire is 20 µT.
Calculate the resulting magnitude and direction of the total magnetic field at P and Q.

P I Q

N

7. Sketch the magnetic field from a solenoid and the electric field from an electric dipole. Identify
similarities and differences between the two fields.

8. Calculate the magnitude of the electric field required to levitate a 1.0 g mass with a charge of 10 nC
between two oppositely charged plates.

9. a. Field lines can never cross. Why?
b. If a particle is free to move, will it move along a field line?

10. a. Sketch the electric field around a positively charged straight plastic rod. Assume the
charge is distributed evenly.

b. Sketch the electric field as if the rod had a curve in it. If the plastic rod was bent into a closed circle,
what would be the strength of the electric field in the middle?Pdf_Folio:46
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1.6 Exercise 3: Exam practice questions
1. The Parker Solar Probe travels in a highly elliptical orbit around the Sun and, at its point of closest

approach, it will be 9.5 solar radii away. Calculate the magnitude of the Sun’s gravitational field at this
point.

(G = 6.67 × 10−11 Nm2 kg−2; MSUN = 2.0 × 1030 kg; RSUN = 7.0 × 105 km)

2. A particle acquires a 15.0 nC charge.
a. Sketch the electric field due to the 15.0 nC charge.

A second particle with a charge of –10.0 nC is placed 2.0 cm to the right of the 15.0 nC charge.
b. Calculate the magnitude of the force on the –10.0 nC charge due to the 15.0 nC charge.
c. Is there any point at which the combined electric field from the two charges will have a value of zero?

Explain your response.
3. A 100 kg satellite S1 orbits the Earth at a distance of one Earth radius above the Earth’s surface. A 200

kg satellite S2 orbits the Earth at a distance of two Earth radii above the Earth’s surface.
a. Calculate the ratio of the gravitational field experienced by satellite S1 to S2.
b. Where should S2 be placed so that the gravitational force experienced by satellite S1 is two times

larger than that experienced by S2?
4. When making notes on field shapes, a student records the following unlabelled sets of field lines in their

notebook:

Field CField BField A

The student returns to their work and tries to identify the type of field and a possible source of field for
each set of data.

Data Set Gravitational Electric Magnetic

Field A

Field B

Field C Not possible –ve and +ve
charge, electric
dipole

Not possible
(similar to electric
dipole, but not
identical)

Complete the table for the remaining data sets.
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5. Four identical wires are arranged as shown, when viewed from above. Each wire carries the same
current. The point P is equidistant from all four wires. The effect of the Earth’s magnetic field can be
ignored in this problem.

P

×

××

a. Sketch the magnetic field due to the top-left wire.
b. The magnitude of the field due to the top-left wire at the point P is 0.05 T. Calculate the total

magnetic field at P and give the direction.

1.6 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 past VCAA exam questions.
Access the assignments section in learnON to begin creating and assigning assessments to students.
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