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Chapter 18

Electromagnetism - Grade 11

18.1 Introduction

Electromagnetism is the science of the properties and relationship between electric currents and
magnetism. An electric current creates a magnetic field and a moving magnetic field will create
a flow of charge. This relationship between electricity and magnetism has resulted in the
invention of many devices which are useful to humans.

18.2 Magnetic field associated with a current

If you hold a compass near a wire through which current is flowing, the needle on the compass
will be deflected.

conductor

N

compass
no current
is flowing

There is no deflection on
the compass when there is
no current flowing in the
conductor.

conductor

N

compass
current is
flowing

The compass needle de-
flects when there is current
flowing in the conductor.

Activity :: Case Study : Magnetic field near a current carrying conductor
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conductor

N

compass
direction
of current

When the battery is connected as
shown, the compass needle is de-
flected to the left.

conductor

N

compass
direction
of current

What do you think will happen if the
direction of the current is reversed as
shown?

Interesting

Fact

teresting

Fact
The discovery of the relationship between magnetism and electricity was, like
so many other scientific discoveries, stumbled upon almost by accident. The
Danish physicist Hans Christian Oersted was lecturing one day in 1820 on the
possibility of electricity and magnetism being related to one another, and in the
process demonstrated it conclusively by experiment in front of his whole class.
By passing an electric current through a metal wire suspended above a
magnetic compass, Oersted was able to produce a definite motion of the
compass needle in response to the current. What began as a guess at the start
of the class session was confirmed as fact at the end. Needless to say, Oersted
had to revise his lecture notes for future classes. His discovery paved the way
for a whole new branch of science - electromagnetism.

The magnetic field produced by an electric current is always oriented perpendicular to the
direction of the current flow. When we are drawing directions of magnetic fields and currents,
we use the symbol ⊙ and ⊗. The symbol

⊙

for an arrow that is coming out of the page and the symbol

⊗

for an arrow that is going into the page.

It is easy to remember the meanings of the symbols if you think of an arrow with a head and a
tail.

When the arrow is coming out of the page, you see the head of the arrow (⊙). When the arrow
is going into the page, you see the tail of the arrow (⊗).

The direction of the magnetic field around the current carrying conductor is shown in
Figure 18.1.
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⊙ ⊗

(a) (b)

Figure 18.1: Magnetic field around a conductor when you look at the conductor from one end.
(a) Current flows into the page and the magnetic field is counter clockwise. (b) Current flows
out of the page and the magnetic field is clockwise.

⊗ ⊗ ⊗

⊙ ⊙ ⊙

cu
rr

en
t

fl
ow

⊗ ⊗ ⊗

⊙ ⊙ ⊙

cu
rr

en
t

fl
ow

Figure 18.2: Magnetic fields around a conductor looking down on the conductor, for current in
a conductor that is flowing to the right and to the left.

Activity :: Case Study : Direction of a magnetic field

Using the directions given in Figure 18.1 and Figure 18.2 and try to find a rule
that easily tells you the direction of the magnetic field.

Hint: Use your fingers. Hold the wire in your hands and try to find a link
between the direction of your thumb and the direction in which your fingers curl.

The magnetic field around a
current carrying conductor.

There is a simple method of showing the relationship between the direction of the current
flowing in a conductor and the direction of the magnetic field around the same conductor. The
method is called the Right Hand Rule. Simply stated, the right hand rule says that the
magnetic flux lines produced by a current-carrying wire will be oriented the same direction as
the curled fingers of a person’s right hand (in the ”hitchhiking” position), with the thumb
pointing in the direction of the current flow.
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Figure 18.3: The Right Hand Rule.

Activity :: Case Study : The Right Hand Rule

Use the Right Hand Rule and draw in the directions of the magnetic field for
the following conductors with the currents flowing in the directions shown by the
arrow. The first problem has been completed for you.

1.

⊗ ⊗ ⊗

⊙ ⊙ ⊙

2. 3. 4.

5. 6. 7. 8.

9. 10. 11. 12.

Activity :: Experiment : Magnetic field around a current carrying

conductor

Apparatus:

1. 1 9V battery with holder

2. 2 hookup wires with alligator clips

3. compass

4. stop watch

Method:

1. Connect your wires to the battery leaving one end unconnected so that the
circuit is not closed.

2. One student should be in charge of limiting the current flow to 10 seconds.
This is to preserve battery life as well as to prevent overheating of wires and
battery contacts.

3. Place the compass close to the wire.

4. Close the circuit and observe what happens to the compass.
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5. Reverse the polarity of the battery and close the circuit. Observe what
happens to the compass.

Conclusions:

Use your observations to answer the following questions:

1. Does a current flowing in a wire generate a magnetic field?

2. Is the magnetic field present when the current is not flowing?

3. Does the direction of the magnetic field produced by a current in a wire
depend on the direction of the current flow?

4. How does the direction of the current affect the magnetic field?

Activity :: Case Study : Magnetic field around a loop of conductor

Consider two loops of current carrying conductor that are placed in the plane of
the page. Draw what you think the magnetic field would look like, by using the
Right Hand Rule at different points of the two loops shown. Loop 1 has the
current flowing in a counter-clockwise direction, while loop 2 has the current
flowing in a clockwise direction.

direction of current

direction of current

loop 1

direction of current

direction of current

loop 2

If you make a loop of current carrying conductor, then the direction of the magnetic field is
obtained by applying the Right Hand Rule to different points in the loop.

⊙ ⊗

⊙
⊗

⊙
⊗

⊙
⊗

⊙
⊗

⊙⊗

⊙⊗

⊙
⊗ ⊙

⊗

⊙
⊗

⊙
⊗

The directions of the magnetic
field around a loop of current car-
rying conductor with the current
flowing in a counter-clockwise di-
rection is shown.

If we know add another loop then the magnetic field around each loop joins to create a stronger
field. As more loops are added, the magnetic field gets a definite magnetic (north and south)
polarity. Such a coil is more commonly known as a solenoid. The magnetic field pattern of a
solenoid is similar to the magnetic field pattern of a bar magnet that you studied in Grade 10.
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current flow

Figure 18.4: Magnetic field around a solenoid.

18.2.1 Real-world applications

Electromagnets

An electromagnet is a piece of wire intended to generate a magnetic field with the passage of
electric current through it. Though all current-carrying conductors produce magnetic fields, an
electromagnet is usually constructed in such a way as to maximize the strength of the magnetic
field it produces for a special purpose. Electromagnets find frequent application in research,
industry, medical, and consumer products.

As an electrically-controllable magnet, electromagnets find application in a wide variety of
”electromechanical” devices: machines that effect mechanical force or motion through
electrical power. Perhaps the most obvious example of such a machine is the electric motor

which will be described in detail in Grade 12. Other examples of the use of electromagnets are
electric bells, relays, loudspeakers and scrapyard cranes.

Activity :: Experiment : Electromagnets

Aim:

A magnetic field is created when an electric current flows through a wire. A single
wire does not produce a strong magnetic field, but a coiled wire around an iron
core does. We will investigate this behaviour.
Apparatus:

1. a battery and holder

2. a length of wire

3. a compass

4. a few nails

5. a few paper clips

Method:

1. Bend the wire into a series of coils before attaching it to the battery. Observe
what happens to the deflection on the compass. Has the deflection of the
compass grown stronger?

2. Repeat the experiment by changing the number and size of the coils in the
wire. Observe what happens to the deflection on the compass.

3. Coil the wire around an iron nail and then attach the coil to the battery.
Observe what happens to the deflection on the compass.
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Conclusions:

1. Does the number of coils affect the strength of the magnetic field?

2. Does the iron nail increase or decrease the strength of the magnetic field?

Exercise: Magnetic Fields

1. Give evidence for the existence of a magnetic field near a current carrying wire.

2. Describe how you would use your right hand to determine the direction of a
magnetic field around a current carrying conductor.

3. Use the right hand rule to determine the direction of the magnetic field for
the following situations.

A

current flow

B

current flow

4. Use the Right Hand Rule to find the direction of the magnetic fields at each
of the labelled points in the diagrams.
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⊙

b

b

b

b

A
B

C
D

⊗

b

b

b

b

E
F

G
H

18.3 Current induced by a changing magnetic field

While Oersted’s surprising discovery of electromagnetism paved the way for more practical
applications of electricity, it was Michael Faraday who gave us the key to the practical
generation of electricity: electromagnetic induction.

Faraday discovered that a voltage was generated across a length of wire while moving a magnet
nearby, such that the distance between the two changed. This meant that the wire was
exposed to a magnetic field flux of changing intensity. Furthermore, the voltage also depended
on the orientation of the magnet; this is easily understood again in terms of the magnetic flux.
The flux will be at its maximum as the magnet is aligned perpendicular to the wire. The
magnitude of the changing flux and the voltage are linked. In fact, if the lines of flux are
parallel to the wire, there will be no induced voltage.

Definition: Faraday’s Law

The emf, ǫ, produced around a loop of conductor is proportional to the rate of change of
the magnetic flux, φ, through the area, A, of the loop. This can be stated mathematically
as:

ǫ = −N
∆φ

∆t

where φ = B · A and B is the strength of the magnetic field.

Faraday’s Law relates induced emf to the rate of change of flux, which is the product of the
magnetic field and the cross-sectional area the field lines pass through.

A

coil with N turns
and cross-sectional
area, A

magnetic field, B

moving to the left at
a rate ∆A

∆t
.

N S

induced
current
direction

When the north pole of a magnet is pushed into a solenoid, the flux in the solenoid increases so
the induced current will have an associated magnetic field pointing out of the solenoid
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(opposite to the magnet’s field). When the north pole is pulled out, the flux decreases, so the
induced current will have an associated magnetic field pointing into the solenoid (same
direction as the magnet’s field) to try to oppose the change. The directions of currents and
associated magnetic fields can all be found using only the Right Hand Rule. When the fingers
of the right hand are pointed in the direction of the current, the thumb points in the direction
of the magnetic field. When the thumb is pointed in the direction of the magnetic field, the
fingers point in the direction of the current.

Important: An easy way to create a magnetic field of changing intensity is to move a
permanent magnet next to a wire or coil of wire. The magnetic field must increase or
decrease in intensity perpendicular to the wire (so that the lines of flux ”cut across” the
conductor), or else no voltage will be induced.

Important: Finding the direction of the induced current

The induced current generates a magnetic field. The induced magnetic field is in a direction
that cancels out the magnetic field in which the conductor is moving. So, you can use the
Right Hand Rule to find the direction of the induced current by remembering that the induced
magnetic field is opposite in direction to the magnetic field causing the change.

Electromganetic induction is put into practical use in the construction of electrical generators,
which use mechanical power to move a magnetic field past coils of wire to generate voltage.
However, this is by no means the only practical use for this principle.

If we recall that the magnetic field produced by a current-carrying wire was always
perpendicular to that wire, and that the flux intensity of that magnetic field varied with the
amount of current through it, we can see that a wire is capable of inducing a voltage along its

own length simply due to a change in current through it. This effect is called self-induction.
Self-induction is when a changing magnetic field is produced by changes in current through a
wire inducing voltage along the length of that same wire.

If the magnetic field flux is enhanced by bending the wire into the shape of a coil, and/or
wrapping that coil around a material of high permeability, this effect of self-induced voltage will
be more intense. A device constructed to take advantage of this effect is called an inductor,
and will be discussed in greater detail in the next chapter.

Extension: Lenz’s Law

The induced current will create a magnetic field that opposes the change in the
magnetic flux.

Worked Example 121: Faraday’s Law

Question: Consider a flat square coil with 5 turns. The coil is 0,50 m on each
side, and has a magnetic field of 0,5 T passing through it. The plane of the coil is
perpendicular to the magnetic field: the field points out of the page. Use Faraday’s
Law to calculate the induced emf if the magnetic field is increases uniformly from
0,5 T to 1 T in 10 s. Determine the direction of the induced current.
Answer

Step 1 : Identify what is required

We are required to use Faraday’s Law to calculate the induced emf.
Step 2 : Write Faraday’s Law

ǫ = −N
∆φ

∆t
421



18.3 CHAPTER 18. ELECTROMAGNETISM - GRADE 11

Step 3 : Solve Problem

ǫ = −N
∆φ

∆t

= −N
φf − φi

∆t

= −N
Bf · A − Bi · A

∆t

= −N
A(Bf − Bi)

∆t

= −(5)
(0,5)2(1 − 0,5)

10
= 0,0625 V

18.3.1 Real-life applications

The following devices use Faraday’s Law in their operation.

• induction stoves

• tape players

• metal detectors

• transformers

Activity :: Research Project : Real-life applications of Faraday’s Law

Choose one of the following devices and do some research on the internet or in
a library how your device works. You will need to refer to Faraday’s Law in your
explanation.

• induction stoves

• tape players

• metal detectors

• transformers

Exercise: Faraday’s Law

1. State Faraday’s Law in words and write down a mathematical relationship.

2. Describe what happens when a bar magnet is pushed into or pulled out of a
solenoid connected to an ammeter. Draw pictures to support your description.

3. Use the right hand rule to determine the direction of the induced current in
the solenoid below.
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A

coil with N turns
and cross-sectional
area, A

S N

18.4 Transformers

One of the real-world applications of Faraday’s Law is in a transformer.

Eskom generates electricity at around 22 000 V. When you plug in a toaster, the mains voltage
is 220 V. A transformer is used to step-down the high voltage to the lower voltage that is used
as mains voltage.

Definition: Transformer

A transformer is an electrical device that uses the principle of induction between the primary
coil and the secondary coil to either step-up or step-down voltage.

The essential features of a transformer are two coils of wire, called the primary coil and the
secondary coil, which are wound around different sections of the same iron core.

iron core

primary coil secondary coil

magnetic flux

When an alternating voltage is applied to the primary coil it creates an alternating current in
that coil, which induces an alternating magnetic field in the iron core. This changing magnetic
field induces an emf, which creates a current in the secondary coil.

The circuit symbol for a transformer is:

T
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A very useful property of transformers is the ability to transform voltage and current levels
according to a simple ratio, determined by the ratio of input and output coil turns. We can
derive a mathematical relationship by using Faraday’s law.

Assume that an alternating voltage Vp is applied to the primary coil (which has Np turns) of a
transformer. The current that results from this voltage generates a magnetic flux φp. We can
then describe the emf in the primary coil by:

Vp = Np

∆φp

∆t

Similarly, for the secondary coil,

Vs = Ns

∆φs

∆t

If we assume that the primary and secondary windings are perfectly coupled, then:

φp = φs

which means that:
Vp

Vs

=
Np

Ns

Worked Example 122: Transformer specifications

Question: Calculate the voltage on the secondary coil if the voltage on the primary
coil is 120 V and the ratio of primary windings to secondary windings is 10:1.
Answer

Step 1 : Determine how to approach the problem

Use
Vp

Vs

=
Np

Ns

with

• Vp = 120

•
Np

Ns

= 10

1

Step 2 : Rearrange equation to solve for Vs

Vp

Vs

=
Np

Ns

1

Vs

=
Np

Ns

1

Vp

∴ Vs =
1

Np

Ns

Vp

Step 3 : Substitute values and solve for Vs

Vs =
1

Np

Ns

Vp

=
1
10

1

120

= 12 V

A transformer designed to output more voltage than it takes in across the input coil is called a
step-up transformer. A step-up transformer has more windings on the secondary coil than on
the primary coil. This means that:

Ns > Np
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Similarly, a transformer designed to output less than it takes in across the input coil is called a
step-down transformer. A step-down transformer has more windings on the primary coil than
on the primary coil. This means that:

Np > Ns

We use a step-up transformer to increase the voltage from the primary coil to the secondary
coil. It is used at power stations to increase the voltage for the transmission lines. A step-down
transformer decreases the voltage from the primary coil to the secondary coil. It is particularly
used to decrease the voltage from the transmission lines to a voltage which can be used in
factories and in homes.

Transformer technology has made long-range electric power distribution practical. Without the
ability to efficiently step voltage up and down, it would be cost-prohibitive to construct power
systems for anything but close-range (within a few kilometres) use.

As useful as transformers are, they only work with AC, not DC. This is because the
phenomenon of mutual inductance relies on changing magnetic fields, and direct current (DC)
can only produce steady magnetic fields, transformers simply will not work with direct current.

Of course, direct current may be interrupted (pulsed) through the primary winding of a
transformer to create a changing magnetic field (as is done in automotive ignition systems to
produce high-voltage spark plug power from a low-voltage DC battery), but pulsed DC is not
that different from AC. Perhaps more than any other reason, this is why AC finds such
widespread application in power systems.

18.4.1 Real-world applications

Transformers are very important in the supply of electricity nationally. In order to reduce energy
losses due to heating, electrical energy is transported from power stations along power lines at
high voltage and low current. Transformers are used to step the voltage up from the power
station to the power lines, and step it down from the power lines to buildings where it is needed.

Exercise: Transformers

1. Draw a sketch of the main features of a transformer

2. Use Faraday’s Law to explain how a transformer works in words and pictures.

3. Use the equation for Faraday’s Law to derive an expression involving the ratio
between the voltages and number of windings in the primary and secondary
coils.

4. If we have Np = 100 and Ns = 50 and we connect the primary winding to a
230 V, 50Hz supply then calculate the voltage on the secondary winding.

5. State the difference between a step-up and a step-down transformer in both
structure and function.

6. Give an example of the use of transformers.

18.5 Motion of a charged particle in a magnetic field

When a charged particle moves through a magnetic field it experiences a force. For a particle
that is moving at right angles to the magnetic field, the force is given by:

F = qvB

where q is the charge on the particle, v is the velocity of the particle and B is the magnetic
field through which the particle is moving.
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Worked Example 123: Charged particle moving in a magnetic field

Question: An electron travels at 150m.s−1 at right angles to a magnetic field of
80 000 T. What force is exerted on the electron?
Answer

Step 1 : Determine what is required

We are required to determine the force on a moving charge in a magnetic field
Step 2 : Determine how to approach the problem

We can use the formula:
F = qvB

Step 3 : Determine what is given

We are given

• q = 1,6 × 10−19C (The charge on an electron)

• v = 150m.s−1

• B = 80 000T

Step 4 : Determine the force

F = qvB

= (1,6 × 10−19C)(150m.s−1)(80 000T)

= 1,92 × 10−12N

Important: The direction of the force exerted on a charged particle moving through a
magnetic field is determined by using the Right Hand Rule.
Point your fingers in the direction of the velocity of the charge and turn them (as if turning
a screwdriver) towards the direction of the magnetic field. Your thumb will point in the
direction of the force. If the charge is negative, the direction of the force will be opposite
to the direction of your thumb.

18.5.1 Real-world applications

The following devices use the movement of charge in a magnetic field

• televisions

• oscilloscope
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Activity :: Research Project : Real-life applications of charges moving in

a magnetic field

Choose one of the following devices and do some research on the internet or in
a library how your device works.

• oscilloscope

• television

Exercise: Lorentz Force

1. What happens to a charged particle when it moves through a magnetic field?

2. Explain how you would use the Right Hand Rule to determine the direction of
the force experienced by a charged particle as it moves in a magnetic field.

3. Explain how the force exerted on a charged particle moving through a
magnetic field is used in a television.

18.6 Summary

1. Electromagnetism is the study of the properties and relationship between electric current
and magnetism.

2. A current carrying conductor will produce a magnetic field around the conductor.

3. The direction of the magnetic field is found by using the Right Hand Rule.

4. Electromagnets are temporary magnets formed by current-carrying conductors.

5. Electromagnetic induction occurs when a moving magnetic field induces a voltage in a
current-carrying conductor.

6. Transformers use electromagnetic induction to alter the voltage.

7. A charged particle will experience a force in a magnetic field.

18.7 End of chapter exercises

1. State the Right Hand Rule.

2. What did Hans Oersted discover about the relationship between electricity and
magnetism?

3. List two uses of electromagnetism.

4. Draw a labelled diagram of an electromagnet and show the poles of the electromagnet on
your sketch.

5. Transformers are useful electrical devices.

A What is a transformer?

B Draw a sketch of a step-down transformer?

C What is the difference between a step-down and step-up transformer?
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D When would you use a step-up transformer?

6. Calculate the voltage on the secondary coil of a transformer if the voltage on the primary
coil is 22 000 V and the ratio of secondary windings to secondary windings is 500:1.

7. You find a transformer with 1000 windings on the primary coil and 200 windinds on the
secondary coil.

A What type of transformer is it?

B What will be the voltage on the secondary coil if the voltage on the primary coil is
400 V?

IEB 2005/11 HG An electric cable consists of two long straight parallel wires separated by plastic
insulating material. Each wire carries a current I in the same direction (as shown in the
diagram below).

I
Wire B

I
Wire A

Which of the following is true concerning the force of Wire A on Wire B?

Direction of Force Origin of Force

(a) towards A (attraction) electrostatic force between opposite charges
(b) towards B (repulsion) electrostatic force between opposite charges
(c) towards A (attraction) magnetic force on current-carrying conductor
(d) towards B (repulsion) magnetic force on current-carrying conductor

IEB 2005/11 HG1 Force of parallel current-carrying conductors

Two long straight parallel current-carrying conductors placed 1 m apart from each other
in a vacuum each carry a current of 1 A in the same direction.

A What is the magnitude of the force of 1 m of one conductor on the other?

B How does the force compare with that in the previous question when the current in
one of the conductors is halved, and their distance of separation is halved?

IEB 2005/11 HG An electron moving horizontally in a TV tube enters a region where there is a uniform
magnetic field. This causes the electron to move along the path (shown by the solid line)
because the magnetic field exerts a constant force on it. What is the direction of this
magnetic field?

TV screen

A upwards (towards the top of the page)

B downwards (towards the bottom of the page)

C into the page

D out of the page
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GNU Free Documentation License

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

PREAMBLE

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

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

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

APPLICABILITY AND DEFINITIONS

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

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

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

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

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

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

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

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

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

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

VERBATIM COPYING

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

COPYING IN QUANTITY

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

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

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

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

MODIFICATIONS

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

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

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

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

4. Preserve all the copyright notices of the Document.

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

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

8. Include an unaltered copy of this License.

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

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

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

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

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

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

15. Preserve any Warranty Disclaimers.

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

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

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

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

COMBINING DOCUMENTS

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

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

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

COLLECTIONS OF DOCUMENTS

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

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

AGGREGATION WITH INDEPENDENT WORKS

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

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

TRANSLATION

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

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

TERMINATION

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

FUTURE REVISIONS OF THIS LICENSE

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

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

ADDENDUM: How to use this License for your documents

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

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

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

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

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

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