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Electronics represents one of the most important, and rapidly changing, areas of
engineering. It is used at the heart of a vast range of products that extends from
mobile phones to computers, and from cars to nuclear power stations. For this reason,
all engineers, scientists and technologists need a basic understanding of such systems,
while many will require a far more detailed knowledge of this area.

When the first edition of this text was published it represented a very novel
approach to the teaching of electronics. At that time most texts adopted a decidedly
‘bottom-up’ approach to the subject, starting by looking at semiconductor materials
and working their way through diodes and transistors before eventually, several
chapters later, looking at the uses of the circuits being considered. Electronics: A
Systems Approach pioneered a new, ‘top-down’ approach to the teaching of electronics
by explaining the uses and required characteristics of circuits, before embarking on
detailed analysis. This aids comprehension and makes the process of learning much
more interesting.

One of the great misconceptions concerning this approach is that it is in some way
less rigorous in its treatment of the subject. A top-down approach does not define the
depth to which a subject is studied but only the order and manner in which the mate-
rial is presented. Many students will need to look in detail at the operation of
electronic components and understand the physics of its materials; however, this will
be more easily absorbed if the characteristics and uses of the components are under-
stood first.

A great benefit of a top-down approach is that it makes the text more accessible for
all its potential readers. For those who intend to specialise in electronic engineering
the material is presented in a way that makes it easy to absorb, providing an excellent
grounding for further study. For those intending to specialise in other areas of engi-
neering or science, the order of presentation allows them to gain a good grounding in
the basics, and to progress into the detail only as far as is appropriate for their needs.

While a top-down approach offers a very accessible route to understanding elec-
tronics, it is much more effective if one starts with a thorough understanding of the
basic components used in such circuits. Some readers of this text will already be
familiar with this material from previous study, while others will have little or no
knowledge of such topics. For this reason, the book is divided into two parts. Part 1
provides an introduction to Electrical Circuits and Components and makes very
few assumptions about prior knowledge. This section gives a gentle and well-structured
introduction to this area, and readers can select from the various topics depending on
their needs and interests. Part 2 then provides a thorough introduction to Electronic
Systems, adopting the well-tried, top-down approach for which this text is renowned.
The text therefore provides a comprehensive introduction to both Electrical and
Electronic Engineering, making it appropriate for a wide range of first-level courses
in areas such as Electronic Engineering, Electrical Engineering and Electrical
and Electronic Engineering.
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New in this edition

This sixth edition gives an opportunity to enhance the treatment of several key topics
and also to update the text in several areas that are undergoing rapid change.

B A new section on single-board computers, including an overview of devices
such as the Raspberry Pi® and the Arduino®.

B A new section on microwave communication, outlining its characteristics and
applications.

B A new section on fibre-optic communication, which looks at the nature of
optical fibres, and how they are used in a range of situations.

B An expansion of the chapters on sensors and actuators, to include additional
material on image sensors and the devices used in fibre-optic communications.

B An expanded range of end of chapter exercises, to help readers to more effec-
tively assess their understanding of the material.

B A number of additional video tutorials which not only help students to under-
stand the material in the text, but also enable them to see how the various tech-
niques can be applied in real world situations.

Video Tutorials

A major feature of the text is the provision of over a hundred supporting videos.
These provide tutorial support for topics throughout the text and also aim to provide
guidance and encourage creativity within the various ‘further study’ exercises. These
videos are not hour-long ‘lectures’ covering broad-ranging themes, but are short,
succinct tutorials, lasting only a few minutes, that describe in detail various aspects of
design or analysis.

Accessing the tutorials couldn’t be easier. Icons of the form shown on the left are
placed throughout the text to indicate the topics covered. If you are using a paper copy
of the text, simply scan the QR code in the icon with your phone or laptop to go
straight to the video. If you are using an e-book it’s even easier, as the icon contains a
direct link to the video. Alternatively, you can go to the companion website (see below)
which gives a full list of all the videos available and provides direct access.

Who should read this text

This text is intended for undergraduate students in all fields of engineering and sci-
ence. For students of electronics or electrical engineering it provides a first-level
introduction to electronics that will give a sound basis for further study. For students
of other disciplines it includes most of the electronics material that they will need
throughout their course.

Assumed knowledge

The book assumes very little by way of prior knowledge, except for an understanding
of the basic principles of physics and mathematics.
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Companion website

The text is supported by a comprehensive companion website that will greatly
increase both your understanding and your enjoyment. The site contains a range of
support material, including computer-marked self-assessment exercises for each
chapter. These exercises not only give you instant feedback on your understanding of
the material, but also give useful guidance on areas of difficulty. The website also gives
easy access to the numerous video tutorials mentioned above. To visit the site, go to
www.pearsoned.co.uk/storey-elec.

To the instructor

A comprehensive set of online support material is available for instructors using this
text as course reading. This includes a set of editable PowerPoint slides to aid in the
preparation of lectures, plus an Instructor’s Manual that gives fully worked solu-
tions to all the numerical problems and sample answers for the various
non-numerical exercises. Guidance is also given on course preparation and on the
selection of topics to meet the needs of students with different backgrounds and inter-
ests. This material, together with the various online study aids and self-assessment
tests, should greatly assist both the instructor and the student to gain maximum
benefit from courses based on this text. Instructors adopting this text should visit the
companion website at www.pearsoned.co.uk/storey-elec for details of how to gain
access to the secure website that holds the instructor’s support material.
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Basic Electrical Circuits and
.« Components

Objectives When you have studied the material in this chapter, you should be able to:

m give the Systéme International (Sl) units for a range of electrical quantities

m use a range of common prefixes to represent multiples of these units

m describe the basic characteristics of resistors, capacitors and inductors

m apply Ohm’s law, and Kirchhoff’s voltage and current laws, to simple electrical
circuits

m calculate the effective resistance of resistors in series or in parallel, and
analyse simple resistive potential divider circuits

m define the terms ‘frequency’ and ‘period’ as they apply to sinusoidal
quantities

m draw the circuit symbols for a range of common electrical components.

n Introduction

While the title of this text refers to ‘electronic systems’, this first part refers to
‘electrical circuits and components’ and it is perhaps appropriate to start by explain-
ing what is meant by the terms ‘electronic’ and ‘electrical’ in this context. Both terms
relate to the use of electrical energy, but electrical is often used to refer to circuits that
use only simple passive components such as resistors, capacitors and inductors, while
the term electronic implies circuits that also use more sophisticated components such
as transistors or integrated circuits. Therefore, before looking in detail at the opera-
tion of electronic systems, we need to have a basic understanding of the world of
electrical engineering, as the components and circuits of this domain also form the
basis of more sophisticated electronic applications.

Unfortunately, while this use of the words electrical and electronic is common, it
is not universal. Engineers sometimes use the term electrical when describing applica-
tions associated with the generation, transmission or use of large amounts of electrical
energy, and use electronic when describing applications associated with smaller
amounts of power, where the electrical energy is used to convey information rather
than as a source of power. For this reason, within this text we will be fairly liberal with
our use of the two terms, because much of the material covered is relevant to all forms
of electrical and electronic systems.

Most readers will have met the basic concepts of electrical circuits long before
embarking on study at this level, and later chapters will assume that you are fami-
liar with this elementary material. In the chapters that follow we will look at these
basic concepts in more detail and extend them to give a greater understanding of
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the behaviour of the circuits and systems that we will be studying. However, it is
essential that you are familiar with some elementary material before continuing.

The list below gives an indication of the topics that you should be familiar with
before reading the following chapters:

m The Systéme International (SI) units for quantities such as energy, power, temper-
ature, frequency, charge, potential, resistance, capacitance and inductance. You
should also know the symbols used for these units.

The prefixes used to represent common multiples of these units and their symbols
(for example, 1 kilometre = 1 km = 1000 metres).

Electrical circuits and quantities such as charge, e.m.f. and potential difference.
Direct and alternating currents.

The basic characteristics of resistors, capacitors and inductors.

Ohm’s law, Kirchhoff’s laws and power dissipation in resistors.

The effective resistance of resistors in series and parallel.

The operation of resistive potential dividers.

The terms used to describe sinusoidal quantities.

The circuit symbols used for resistors, capacitors, inductors, voltage sources and
other common components.

If, having read through the list above, you feel confident that you are familiar with all
these topics, you could move on immediately to Chapter 2. However, just in case there
are a few areas that might need some reinforcement, the remainder of this chapter
provides what might be seen as a revision section on this material. This does not aim
to give a detailed treatment of these topics (where appropriate this will be given in
later chapters) but simply explains them in sufficient detail to allow an understanding
of the early parts of the text.

In this chapter, worked examples are used to illustrate several of the concepts
involved. One way of assessing your understanding of the various topics is to look
quickly through these examples to see if you can perform the calculations involved,
before looking at the worked solutions. Most readers will find the early examples
trivial, but experience shows that many will feel less confident about some of the later
topics, such as those related to potential dividers. These are very important topics,
and a clear understanding of these circuits will make it much easier to understand the
remainder of the book.

The exercises at the end of this chapter are included to allow you to test your
understanding of the ‘assumed knowledge’ listed above. If you can perform these
exercises easily you should have no problems with the technical content of the next
few chapters. If not, you would be well advised to invest a little time in looking at the
relevant sections of this chapter before continuing.

m Systeme International units

The Systeme International (SI) d’Unités (International System of Units) defines
units for a large number of physical quantities but, fortunately for our current studies,
we need very few of them. These are shown in Table 1.1. In later chapters we will
introduce additional units as necessary, and Appendix B gives a more comprehensive
list of units relevant to electrical and electronic engineering.
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Table 1.1 Some important units.

Quantity Quantity symbol Unit Unit symbol
Capacitance C farad F
Charge o coulomb C
Current 1 ampere A
Electromotive force E volt \Y
Frequency A hertz Hz
Inductance (self) L henry H
Period T second s
Potential difference V volt \Y%
Power P watt W
Resistance R ohm QO
Temperature T kelvin K
Time t second s

Common prefixes

Table 1.2 lists the most commonly used unit prefixes. These will suffice for most pur-
poses although a more extensive list is given in Appendix B.

Table 1.2 Common unit prefixes.

Prefix Name Meaning
(multiply by)

T tera 10"

G giga 10°

M mega 10°

k kilo 10°

m milli 107

o micro 107

n nano 107

P pico 107

Electrical circuits

Electric charge

Charge is an amount of electrical energy and can be either positive or negative. In
atoms, protons have a positive charge and electrons have an equal negative charge.
While protons are fixed within the atomic nucleus, electrons are often weakly bound
and may therefore be able to move. If a body or region develops an excess of electrons
it will have an overall negative charge, while a region with a deficit of electrons will
have a positive charge.

Electric current

An electric current is a flow of electric charge, which in most cases is a flow of electrons.
Conventional current is defined as a flow of electricity from a positive to a negative
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1.4.3

1.4.4

Figure 1.1
Electromotive force
and potential
difference.

Figure 1.2
A water-based analogy
of an electrical circuit.

region. This conventional current is in the opposite direction to the flow of the nega-
tively charged electrons. The unit of current is the ampere or amp (A).

Current flow in a circuit

A sustained electric current requires a complete circuit for the recirculation of electrons.
It also requires some stimulus to cause the electrons to flow around this circuit.

Electromotive force and potential difference

The stimulus that causes an electric current to flow around a circuit is termed an
electromotive force or e.m.f. The e.m.f. represents the energy introduced into the
circuit by a source such as a battery or a generator. The circuit or component in which
the current is induced is sometimes called a load.

All real loads will oppose the flow of current to some extent, and the magnitude of
this opposition is termed its resistance. The source must do work to drive a current
through the resistive load, and therefore during this process energy is transferred
from the source to the load.

The energy transferred from the source to the load results in a change in the elec-
trical potential at each point in the load. Between any two points in the load there will
exist a certain potential difference, which represents the energy associated with the
passage of a unit of charge from one point to the other.

Both e.m.f. and potential difference are expressed in units of volts, and clearly
these two quantities are related. Figure 1.1 illustrates the relationship between them:
an e.m.f. is a quantity that produces an electric current, while a potential difference is
the effect on the circuit of this passage of energy.

Source Load

Current (/)

I

Potential
e.m.f.

difference
(£)

)

B ——

T

If you have difficulty visualising an e.m.f., a potential difference, a resistance or a
current, you may find it helpful to use an analogy. Consider, for example, the arrange-
ment shown in Figure 1.2. Here a water pump forces water to flow around a series of
pipes and through some form of restriction. While no analogy is perfect, this model
illustrates the basic properties of the circuit of Figure 1.1. In the water-based diagram,
the water pump forces water around the arrangement and is equivalent to the voltage

Flow of water (current)

Pipe \
(wire)
Pump - Output Pressure Restriction
(voltage pressure difference (resistance)
source) (e.m.f.) (p.d.)
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Figure 1.3
Indicating voltage
reference points.

1.4.6

Figure 1.4
Indicating voltages in
circuit diagrams.
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source (or battery), which pushes electric charge around the corresponding electrical
circuit. The flow of water through the pipe corresponds to the flow of charge around
the circuit and therefore the flow rate represents the current in the circuit. The restric-
tion within the pipe opposes the flow of water and is equivalent to the resistance of the
electrical circuit. As water flows through the restriction the pressure will fall, creating
a pressure difference across it. This is equivalent to the potential difference across the
resistance within the electrical circuit. The flow rate of the water will increase with the
output pressure of the pump and decrease with the level of restriction present. This is
analogous to the behaviour of the electrical circuit, where the current increases with the
e.m.f. of the voltage source and decreases with the magnitude of the resistance.

Voltage reference points

Electromotive forces and potential differences in circuits produce different potentials
(or voltages) at different points in the circuit. It is normal to describe the voltages
throughout a circuit by giving the potential at particular points with respect to a single
reference point. This reference is often called the ground or earth of the circuit.
Since voltages at points in the circuit are measured with respect to ground, it follows
that the voltage on the ground itself is zero. Therefore, the ground is also called the
zero-volts line of the circuit.

In a circuit, a particular point or junction may be taken as the zero-volt reference and
this may then be labelled as 0V, as shown in Figure 1.3(a). Alternatively, the ground point
of the circuit may be indicated using the ground symbol, as shown in Figure 1.3(b).

% D o % D—L / Ground

symbol

(a) (®)

Representing voltages in circuit diagrams

Conventions for representing voltages in circuit diagrams vary considerably between
countries. In the United Kingdom, and in this text, it is common to indicate a poten-
tial difference using an arrow, which is taken to represent the voltage at the head of the
arrow with respect to that at the tail. This is illustrated in Figure 1.4(a). In many cases,
the tail of the arrow will correspond to the zero-volt line of the circuit (as shown in V/,

Ve

V4 Vp

(@) (b)
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1.4.7

1.6.1

1.6.2

1.6.3

in the figure). However, it can indicate a voltage difference between any two points in
the circuit (as shown by 7).

In some cases, it is inconvenient to use arrows to indicate voltages in circuits and
simple labels are used instead, as shown in Figure 1.4(b). Here the labels V', and V/,
represent the voltage at the corresponding points with respect to ground (that is, with
respect to the zero-volt reference).

Representing currents in circuit diagrams

Currents in circuit diagrams are conventionally indicated by an arrow in the direction of
the conventional current flow (that is, in the opposite direction to the flow of electrons).
This was illustrated in Figure 1.1. This figure also shows that for positive voltages and
currents the arrow for the current flowing out of a voltage source is in the same direction
as the arrow representing its e.m.f. However, the arrow representing the current in a resis-
tor is in the opposite direction to the arrow representing the potential difference across it.

Direct current and alternating current

The currents associated with electrical circuits may be constant or may vary with
time. Where currents vary with time they may also be unidirectional or alternating.

When the current in a conductor always flows in the same direction this is
described as a direct current (DC). Such currents will often be associated with volt-
ages of a single polarity. Where the direction of the current periodically changes, this
is referred to as alternating current (AC), and such currents will often be associated
with alternating voltages. One of the most common forms of alternating waveform is
the sine wave, as discussed in Section 1.13.

Resistors, capacitors and inductors

Resistors

Resistors are components whose main characteristic is that they provide resistance
between their two electrical terminals. The resistance of a circuit represents its opposi-
tion to the flow of electric current. The unit of resistance is the ohm ({2). One may also
define the conductance of a circuit as its ability to allow the flow of electricity. The
conductance of a circuit is equal to the reciprocal of its resistance and is measured in
siemens (S). We will look at resistance in some detail later in the text (see Chapter 3).

Capacitors

Capacitors are components whose main characteristic is that they exhibit capacitance
between their two terminals. Capacitance is a property of two conductors that are
electrically insulated from each other, whereby electrical energy is stored when a
potential difference exists between them. This energy is stored in an electric field that
is created between the two conductors. Capacitance is measured in farads (F), and
we will return to look at capacitance in more detail later in the text (see Chapter 4).

Inductors

Inductors are components whose main characteristic is that they exhibit inductance
between their two terminals. Inductance is the property of a coil that results in an
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Figure 1.5
The relationship
between V, I and R.
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e.m.f. being induced in the coil as a result of a change in the current in the coil. Like
capacitors, inductors can store electrical energy and in this case it is stored in a mag-
netic field. The unit of inductance is the henry (H), and we will look at inductance
later in the text (see Chapter 5).

Example 1.1

Ohm’s law

Ohm’s law states that the current / flowing in a conductor is directly proportional to
the applied voltage V" and inversely proportional to its resistance R. This determines
the relationship between the units for current, voltage and resistance, and the ohm is
defined as the resistance of a circuit in which a current of 1 amp produces a potential
difference of 1 volt.

The relationship between voltage, current and resistance can be represented in a
number of ways, including:

V=1IR (1.1)
4

I=— (1.2)
14

R=— (1.3)

A simple way of remembering these three equations is to use the ‘virtual triangle’ of
Figure 1.5. The triangle is referred to as ‘virtual’ simply as a way of remembering the
order of the letters. Taking the first three letters of VIRtual and writing them in a
triangle (starting at the top) gives the arrangement shown in the figure. If you place
your finger on one of the letters, the remaining two show the expression for the
selected quantity. For example, to find the expression for /"’ put your finger on the V
and you see I next to R, so /= IR. Alternatively, to find the expression for ‘I’ put
your finger on the I and you are left with " above R, so I = I’/R. Similarly, covering
‘R’ leaves Vover I,so R=V/I.

Voltage measurements (with respect to ground) on part of an electrical cir-
cuit give the values shown in the diagram below. If the resistance of R, is
220 Q, what is the current I flowing through this resistor?

-

R,
zl 15.8V
R,
I/ 123V
Ry






