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Introduction

How to use this book

This book has been written for students, teachers and enthusiasts taking their first steps into electronics. It blends information on the social impact of electronics with the rationale, history, theory, designing and practice, with a particular emphasis on the latest microcontroller technologies, which allow beginners to create their own electronic designs. Microcontroller programs are presented using an introductory generic flowchart format, which can be readily adapted for application in specific microcontroller software editors.

The book is divided into five parts, which address social aspects, theory and the application of knowledge to practical situations. The parts can be used in in any order.

So, for instance, if you need ideas for timing circuits or teaching electronics, then dip into Part Four, ‘Electronics designing’. If you need further information on how a microcontroller works, refer to Part Two, ‘The evolution of electronics’. If you want a design for a robotic car, go to Part Five, ‘Action ideas’, or if you want to learn about robotic cars, see Part One, ‘The impact of electronics’. If you need guidance on how to assemble a circuit, you should find Part Three, ‘Working with circuits’ useful.

In Part One electronic products are explored as functional systems, together with their impact on society. The contexts of communication, imaging and movement are used as themes, and these weave through the sections to bring added relevance.

Part Two looks at the historical evolution and concepts of electricity and electronics in four phases leading to the development of the digital computer and microcontrollers. Emphasis is given to the basic theory of how electronic components work and ways in which they can be used in circuits.

Part Three gets down to practical details – working safely; connecting components; measuring electrical properties and making circuits – while Part Four explores the stimulus and process for carrying out creative design with electronics and considers its importance in education. The basics of matching components to enable them to work together are introduced. The concluding chapters focus on generating ideas for action. Mix-and-match options are presented for combining input and output devices with components, integrated circuits and microcontrollers to create functional systems.

Finally, Part Five revisits the themed context areas to introduce practical project ideas you might wish to try for yourself or with a view to teaching others. A mix of electrical, discrete integrated circuit and microcontroller system ideas are developed.

The book makes use of different learning hooks to develop knowledge, understanding and ideas:

[image: image]

Case studies are used to suggest practical investigations, to explore periods of historical interest and to develop particular aspects of theory.
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Spotlights offer light interludes of knowledge, analogies or personal experiences.
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The Dig deeper boxes provide links to other information resources.
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Multiple-choice questions (Fact-checks) offer the chance to test your understanding of key concepts.

The electronic systems model

References to electronic systems handling analogue and digital information occur regularly throughout the book, so this short introduction offers a starting point.

Looking at products as systems helps us to understand complex devices and to create new designs. Systems can be thought of as simple building blocks, which can be combined to create more complex designs.

We can describe ourselves as a system made up of smaller subsystems. So our senses could be labelled input systems, our brain a process system and our muscles and voice as output systems. Our input senses send information to the brain and the brain processes that information and sends messages to our output systems. Our senses monitor our outputs, feeding back information enabling us to control our actions.

This input, process, output, feedback model is useful for understanding electronic systems (Fig. 0.1).

[image: image]

Figure 0.1  The input, process, output, feedback model

We will be using the terms ‘analogue’ and ‘digital’ throughout the book, so a brief introduction will be useful at this point.

Everything we sense is essentially analogue in nature, meaning continuously variable. Take vision: brightness and colour can vary continuously. We can also control our body movements to fine degrees. We choose to impose boundaries on information or to digitize it in order to bring greater meaning or to speed up processing. Consider speech: we construct meaning through specific sounds of defined lengths, which are combined to make words and phrases. With numbers, we use specific symbols to represent different quantities.

The contrast between analogue and digital information can be seen in watch displays. Analogue watches have hands which sweep out time in a continuous pattern and we read the time by noting the position of the hands against digitized markings. Digital watches indicate time using discrete number displays.

Much of the processing in modern electronics uses binary digital information, so we need to take worldly analogue information and convert it to digital for digital processing and then convert it back to analogue again to make sense of it. We will be referring to analogue-to-digital convertors (ADCs) and digital-to-analogue convertors (DACs) as a matter of course.


Part One

The impact of electronics

Have you ever stopped to consider how much of our world has been shaped by electronics?

Having been born at a time when the radio was a thing of wonder and television was a rare object of desire, I find it amazing that we can now communicate with almost anyone at any time, anywhere. The traditional weekly trip to the library has been superseded by a few presses on a computer keyboard, which enables us to access vast amounts of information. You can travel to an unknown destination with the help of a moving map display to show where you are and where you need to go. Feeling poorly? Your body can be scanned in minutes to generate detailed sectional slices or 3D images. Need a driver to take you somewhere in a car? Possibly not in the near future, as driverless cars take to the road.

In this section we begin to explore electronic products as functional systems under three broad categories:

  1  Communications

  2  Imaging

  3  Movement.

Finally, we look at the social impact of electronics and the future.


1

Communication systems

[image: image]

Communication enables us to interact with and relate to others. It’s a catalyst for collective creativity. We learn to associate and develop behaviour patterns in response to auditory and visual stimuli and we seek to influence others and develop our own ideas through speaking, writing and drawing.

Music, art, literature and poetry have developed as more abstract forms of communication, with which we engage on an emotional level rather than as a simple exchange of information for everyday survival.

Instant communication has focused on face to face within audio and visual range but there has always been an impetus to extend the range. Fire, smoke, mirrors, flags, sound horns and the use of message coding systems such as Morse code have been developed. Electricity provided a breakthrough with the first telegraph demonstrated by Pavel Schilling in 1832, used to send coded messages, and the telephone patent established by Graham Alexander Bell in 1876. Electrical communications could in theory be taken anywhere wires could be laid.

Radio – communicating using electromagnetic waves – is a dominant technology for electronic communication today. We use it for mobile phones, radio and television broadcasting, the Internet and to allow everyday devices such as computers and televisions to exchange information and even update themselves with new software. In this chapter we will discuss radio technology systems and consider their impact on our lives.

[image: image]



Wave characteristics

Drop a stone into water and you will see ripples spread out. A leaf on the water some distance away will bob up and down. The leaf receives energy from the wave. Sound and radio waves transmit energy in a similar way, except you can’t see the effects so easily as in water.

Sound waves are carried by compressions of air particles as a vibrating membrane pushes and pulls against the surrounding air (Fig. 1.1).

[image: image]

Figure 1.1  Sound waves: (a) groupings of air particles representing pressure waves; (b) waveform representing air pressure variations

Radio waves consist of electric and magnetic fields oscillating at right angles to one another across the direction of wave travel (Fig. 1.2).

[image: image]

Figure 1.2  Electromagnetic wave model

Waves have four main characteristics (Fig. 1.3):

•  Amplitude

•  Wavelength

•  Frequency

•  Speed.
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Figure 1.3  Wave characteristics

There is a simple formula that relates the speed of a wave to its frequency and wavelength:

c = f × λ

where: c is the speed; f is the frequency and λ is the wavelength.

The speed of sound in air is approximately 343 ms–1 in dry air at 20 °C.

The speed of electromagnetic waves is approximately 3 × 108 ms–1 in a vacuum.

Electromagnetic waves

In 1865 James Clerk Maxwell (1831–79) predicted the existence of electromagnetic waves covering a wide range of frequencies, all travelling at the speed of light. This led to the concept of the electromagnetic spectrum and the possibility of waves of much longer wavelength and lower frequency than visible light, which could be produced by accelerating electric charge. Electricity is concerned with moving electric charge, so the possible link between waves, which can travel vast distances, and electricity was stunning.

Figure 1.4 gives an overview of the electromagnetic spectrum showing the main bands. Radio waves occur at the long-wavelength lower-frequency end of the spectrum, whereas gamma rays occupy the short-wavelength, high-frequency end. Physical objects are shown to represent sizes of the wavelengths over the spectrum.

[image: image]

Figure 1.4  Electromagnetic spectrum (Source: NASA)

Radio concepts

The significance of low-frequency electromagnetic waves, which we now call radio waves, was simply not appreciated at the time of Maxwell’s theory. Perhaps the maths was too intimidating or practical evidence was needed in order to bring it into the scope of people’s imagination. It took a further 12 years – until 1887 – before Heinrich Rudolf Hertz (1857–94) carried out an experiment which showed that radio waves could be generated by a spark-gap generator and a dipole resonator.

The dipole resonator is similar to a modern dipole aerial (Fig. 1.5). It consists of two rods with the radio signal applied across the gap. The total length of the dipole needs to be half the wavelength of the transmission frequency. A standing wave is set up on the dipole, and the energy of the signal is transmitted as an electromagnetic wave. The transmitted wave can be received using a similar dipole.

[image: image]

Figure 1.5  Dipole resonator

Generating radio waves is one thing, detecting them another. In 1890 Edouard Branly (1844–1940) discovered that radio waves would cause small metal particles to cling together. He created the coherer, a tube containing two electrodes spaced a small distance apart with metal filings in the space between. When a radio frequency signal was applied to the device, the metal particles would cling together, or ‘cohere’, changing the resistance and electric current in the receiving circuit. The current could be used to activate a bell or a Morse paper tape recorder, to make a record of the received signal.

Other challenges faced developers – how to create a continuous radio-frequency signal; how to add audio information to a carrier wave and extract the information at the receiving end; and how to send different signals at the same time – but the seeds of radio communication were firmly established. Guglielmo Marconi (1874–1937) sent the first radio-telegraphy message across the Atlantic in 1901. The Titanic sent its distress call by radio telegraphy in 1912, the first transatlantic radio phone call took place in 1915 and the first television broadcast took place in 1936.

Spark-gap radio transmitters were used from 1887 to 1917. They were fine for Morse telegraphy but impractical for sending voice messages.
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Spotlight




Electricians are sometimes called ‘sparkys’. The name arose from technicians who worked with spark-gap technology.

[image: image]

Tuned oscillators and wave transmission

The development of vacuum-tube technology in the 1920s led to the discovery of tuned oscillators. Applying a small amount of feedback from the output to the input of an amplifier resulted in oscillations. The oscillation frequency could be controlled by varying the capacitance and inductance in the circuit.
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Case study: Tuned oscillators and wave transmission




You may have experienced positive-feedback oscillations with public address systems. If a microphone is placed in front of a loudspeaker, the output can feed back to the input to become amplified, creating more output. The system becomes unstable and squeals at a frequency determined by the system characteristics. In an electronic oscillator the output can be controlled to give a stable continuous frequency.

Pushing a child on a swing offers a mechanical analogy. The swing oscillates at a given frequency decided by the length of the chains attaching the seat to the frame. By pushing the seat from behind on its forward motion, you apply positive feedback, which builds up the amplitude of the swing. The motion is dampened by friction and air resistance, so control can be maintained by balancing the pushing force with the dampening. With a constant input of energy the swing could become unstable and be made to rotate a complete circle.

If you pluck a stringed instrument, the energy given to a string makes it vibrate at its tuned frequency. The body of the instrument helps amplify the sound, which travels outwards. If you watch and listen to another nearby instrument with a string tuned to the same frequency, you can see and hear that string vibrate; energy has been transmitted and received. The system behaves like a radio spark-gap generator connected to a dipole. The second instrument behaves like a receiving dipole. Instruments such as guitars are plucked to generate a sequence of individual notes. Others such as violins are used with a bow to create sustained notes similar to the action of radio oscillators.

Vacuum-tube oscillators brought continuous-wave radio-frequency transmissions and with it the possibility of transmitting and receiving audio information. Could audio frequencies be converted directly to radio waves? Our hearing range is quoted as 20Hz to 20kHz and relies on the transmission of mechanical vibrations being passed between air molecules. A microphone can be used to convert audio to electrical signals but a problem arises with the radio aerial size needed to transmit audio frequencies.

The length of a radio aerial dipole needs to be λ/2.

For a 10 kHz audio-equivalent radio signal the wavelength would be:

[image: image]

So the dipole length would need to be 1.5km – a little impractical.

[image: image]

Modulation

The way round using radio waves to carry audio is to add the audio information to a radio-frequency carrier wave, a process called modulation. The information is recovered at the receiving end using demodulation. The technique was demonstrated by Alexander Graham Bell (1847–1922) and Charles Sumner Tainter (1854–1940) in 1880 using light as a carrier with a device called the photophone. They used a process called amplitude modulation.

•  In amplitude modulation (AM) the amplitude of the carrier wave is made to follow the variations in amplitude of the audio frequency (Fig. 1.6).

[image: image]

Figure 1.6  Amplitude modulation

•  In frequency modulation (FM) the frequency of the carrier wave is made to follow the variations in amplitude of the audio frequency (Fig. 1.7).

[image: image]

Figure 1.7  Frequency modulation

The main advantage of FM over AM is that the noise level at the receiver is reduced. Any electrical noise, for example from lightning and electrical machinery, tends to amplitude modulate the carrier and this appears at the output of the receiver. But an FM receiver is sensitive only to the frequency variations of the carrier wave and is less affected by noise.

The effect of modulation is to create a spectrum of frequencies with upper and lower sidebands centred on the carrier frequency.

The frequency width of the sidebands increases with the frequency range of the modulating signal and the type of modulation used. FM modulation has more sidebands, so it needs a greater overall bandwidth. This concept applies to all radio transmissions, including the latest digital techniques, and provides a means of separating simultaneous communications.

By using different frequency carriers separated by frequency gaps to allow for the sidebands, it is possible to send simultaneous communications without interference. When you tune into an AM or FM radio station, you are selecting a carrier frequency assigned to that station.

Multiplexing

Using different carrier frequencies to send simultaneous communications is an example of multiplexing (Fig. 1.8).

[image: image]

Figure 1.8  Concept diagram showing multiple conversations being multiplexed for sending on one communication channel and demultiplexed at the receiving end

As the demand for communication channels has increased, so new technologies have emerged, including time-division and code-division multiplexing. Time-division involves fast-switching between a number of different conversations using the same frequency carrier and recombining them in the same sequence at the receiving end (demultiplexing). Code-division digital broadcasting takes the process to another stage by digitally encoding audio or visual information so that different communications can be handled simultaneously on one carrier frequency channel, as used for digital audio broadcasting (DAB) radio.
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Spotlight




A good analogy for understanding multiplexing is listening to conversations in a crowded room. Like me, you may have found it difficult to understand a conversation when other people are talking at the same time. You may have been to a party where you are required to make contact with another person identified by a type of animal and to locate them using animal noises; this would be an example of code-division multiplexing. The different characteristics of animal noises make it easier to pick out individuals from competing sounds.

[image: image]

Radio transmission

Depending on the frequency of radio waves, the shape of the aerial used and the power of the transmitter, radio waves reach a receiver by one or more routes, as shown in Figure 1.9. Surface or ground waves follow the curvature of the Earth. The range of these waves is limited because poor conductors such as sand absorb them, but they travel further over water because it is a better conductor. The range may be about 1500km for long waves having a frequency of less than about 300kHz, but only a few kilometres for very high-frequency waves. Sky waves travel upwards from an aerial but, for frequencies of less than 30MHz, are reflected off the ionosphere. Multiple reflections can take place between the ionosphere and Earth to create longer-range transmissions. Radio waves that have frequencies greater than 30MHz can penetrate the ionosphere and frequencies between 1GHz and 100GHz are used for communications with satellites and interplanetary spacecraft. At frequencies above 100GHz, radio waves begin to be absorbed by oxygen and other gases in the atmosphere.

[image: image]

Figure 1.9  Multipath radio transmissions: surface waves, space waves and sky waves

Mobile phone systems

The mobile phone has become an important spin-off of radio technology and we will consider how it addresses the technical challenges of speech radio transmission. Figure 1.10 shows the basic systems involved.

[image: image]

Figure 1.10  Mobile phone system

The process involves converting sound pressure waves into an analogue signal using a microphone. An analogue-to-digital convertor (ADC) is used to sample the analogue signal at regular time intervals and convert the signal amplitudes into digital numbers and then coded pulse waveforms (Fig. 1.11).

[image: image]

Figure 1.11  Analogue-to-digital conversion process

The RF carrier is generated by a crystal oscillator circuit and the modulator adds the digitized analogue signal to the radio-frequency carrier using phase and amplitude coding. The radio signal is amplified and transmitted using a dipole plate aerial contained within the phone.

When a mobile phone receives a call, it works in the reverse way. A signal is detected by the aerial and fed to a demodulator to remove the radio-frequency carrier. A digital-to-analogue convertor (DAC) converts the digital to an analogue signal. It achieves this by converting each binary number into a voltage level at fixed time intervals and essentially plots an electronic graph to recreate an analogue waveform representing the audio signal. The analogue signal is amplified and fed to a speaker.

We have looked at the systems inside a mobile phone enabling it to send and receive a call, but how does a call get transferred to another person? A mobile phone can make and receive telephone calls while moving around a wide geographic al area. It does so by connecting to a local cell, which has a number of carrier frequencies available for speaking. A carrier frequency handles one voice channel; two carrier frequencies are used for a call to allow for simultaneous voice use by both callers.

A mobile phone operator manages a number of cells in an area. Imagine the cells as hexagons in a grid, one central cell with six others around it (Fig. 1.12). Each cell covers an area of a few square miles and has a base station, which connects to a central switching office. Adjacent cells have to use different carrier frequencies to avoid interference but non-adjacent cells can use the same carrier frequencies. By making the phones short-range, carrier frequencies can be reused in non-adjacent cells, increasing the capacity of the system. Phones automatically switch frequencies when moved from one cell to another and the calls are routed to the main telephone network by the central switching office.

[image: image]

Figure 1.12  Mobile cell network

The use of radio is only one approach to communication. When a mobile phone connects to the main telephone network or to the Internet, messages can be sent on wires, fibre-optic cable or transmitted through space and relayed using satellites. A wide range of electromagnetic frequencies is used as part of an international communications network.

Smartphones

It seems fitting to conclude this introduction to communications by considering smartphones. Smartphones were developed to enable mobile phones to connect to the Internet and become handheld digital computers. The first electronic digital computer was developed less than 70 years ago and filled a large room. Smartphones have more power than the computer used in the Apollo 11 lunar landing mission and make use of a number of different communication systems, including the following:

THE INTERNET AND WORLD WIDE WEB

The development of communication networks and digital technology led to the Internet – a global system of linked computers that could communicate using agreed protocols. General access to the Internet was pioneered by Tim Berners-Lee (1955–), who in 1989 came up with a software approach for enabling web pages to be accessed, linked and displayed. This became known as the World Wide Web (www).

The World Wide Web uses the Internet to access information in a similar way to the approach you would use in your local library. How do you use your library? Perhaps you browse the magazine racks or look for a specific book or piece of information. You may need to ask a librarian to guide you to specific information. You can use the Internet on a PC or smartphone in a similar way by typing or speaking your requests into an Internet search engine such as Safari, Internet Explorer or Google Chrome.

So how does your PC or smartphone connect to the Internet? You need an electronics system to communicate using the correct Internet protocols. Data is modulated to encode digital information for transmission and demodulated at the receiver end to decode the information, in a way similar to radio transmission. The device used for this is called a modem (modulator-demodulator). The performance of a modem is measured in terms of the speed with which it can transmit and receive data measured in bits per second (bits/s, bps or baud).

THE CELLULAR NETWORK

Cellular communications are based on standard protocols, which have improved with successive generations. These are designated by 1G, 2G, 3G and 4G – the G stands for ‘generation’:

•  1G: analogue technology

•  2G: digital encoding

•  3G: digital plus increased bandwidth and transfer rates for Web use

•  4G: 3G plus increased speed

A number of frequency bands have been allocated, designated ultra-high frequency, or UHF, ranging from 800MHz to 2600MHz.

WI-FI

Wi-Fi uses radio waves to connect your devices to a wireless network access point. This is sometimes called a Wi-Fi hotspot or hub in public areas. Home Wi-Fi routers commonly combine Wi-Fi, modem and connection points for multiple computers. Wi-Fi can have a range from 20m to several miles, depending on the transmission standard used by the network system and whether inside or outdoors. Wi-Fi operates on the 1.4GHz and 5GHz bands using the Institute of Electrical and Electronics Engineers’ (IEEE) 801.11 standards.

BLUETOOTH

Bluetooth is a short-range, wire replacement radio communication protocol intended for connecting portable equipment such as your phone to headphones or speakers or a keyboard. The range is approximately 10m for mobile devices. It operates in the 1.4–1.485GHz range.

NEAR-FIELD COMMUNICATION (NFC)

Near-field communication is used for close-range identification and data transfer in a range of approximately 10cm. It uses radio waves in the 13.56MHz band.

The social impact of communications

It is estimated that mobile phones will be owned by 69% of the world’s population by 2017. The impact of mobile communications may be hard to measure but the ability to share instant news and influence others has enabled ordinary members of society to engage with social and political activity in an unprecedented way. Mobile communications have played a role in relaying disasters and appeals for humanitarian aid. They have been used for fund-raising activities, for co-ordinating the overthrow of military dictatorships and for recruitment to terrorist campaigns and political marches. We also see friends together but on the phone to others outside their group, a form of virtual social exclusion. For some, their use of mobile phones has become an addiction to a virtual world.
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Dig deeper




Electromagnetic spectrum:

https://en.wikipedia.org/wiki/​Electromagnetic_spectrum

Multipath radio transmissions:

http://www.frankswebspace.org.uk/ScienceAndMaths/​physics/physicsGCE/radioComms.htm

Photophone: https://en.wikipedia.org/​?title=Photophone

Multiplexing: https://en.wikipedia.org/wiki/Multiplexing

Wireless: https://en.wikipedia.org/wiki/Wireless

Measuring mobile penetration: https://gsmaintelligence.com/research/2014/05/​measuring-mobile-penetration/430/

Internet: https://en.wikipedia.org/wiki/Internet
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Fact-check




  1  Electromagnetic waves enable communications to take place over vast distances using:

a    Amplified sound

b    Electromagnetic cables

c    Modulated radio waves

d    Electronic carrier pigeons

  2  Wavelength is:

a    The distance between a radio transmitter and receiver

b    Two smartphones working on the same frequency

c    The inverse of frequency

d    Determined by dividing wave speed by wave frequency

  3  Radio waves can be generated by:

a    Speaking into a microphone

b    A powerful loudspeaker

c    A transistor radio

d    Accelerating electric charge

  4  Modulation in communication technology is used to:

a    Add sound or visual information to a carrier wave

b    Warble your voice to make it sound good

c    Send and receive radio signals using dipole aerials

d    Separate information from an incoming radio signal

  5  Multiplexing is used to:

a    Scramble the information in a radio signal so that others can’t decode it

b    Enable multiple communications to be sent simultaneously without interference

c    Allow high-quality video information to be sent to cinemas

d    Describe the stress involved in understanding radio communication

  6  The Internet is:

a    A high-tech café used to access the Web

b    A communication protocol that enables data to be modulated

c    Optical cabling used to transmit radio waves

d    A communications network involving linked computers

  7  The World Wide Web is:

a    A network of mobile phones that can communicate globally

b    Software for enabling web pages to be accessed, linked and displayed

c    A global network of spiders in communication with one another

d    A website dedicated to communications

  8  A modem is:

a    A modulator-demodulator allowing devices to connect to the Internet

b    A cellphone that can connect to the Internet

c    A modern cellphone

d    A modulated emulator used for recreating voice messages

[image: image]

OPS/images/fig1-11.jpg
Audio voltage signal
AT
Time
4]
E %\
2]
Sample times
Digital numbers
1
0

Pulse wave forms





OPS/images/fig1-10.jpg
‘Micmphone}—»{ ADC }—»‘ Modulator HRFImnsmn Y

‘ Speaker H Audio amp H DAC HDemodulalorH RF receive






OPS/images/fig1-2.jpg
Electric
field
A

Magnete| b qion

ol 2





OPS/images/fig1-12.jpg





OPS/images/fig1-1.jpg
b)





OPS/images/fig0-1.jpg
- nput |-}‘ Process ‘-}' Output

I
Feedback






OPS/images/p9-01.jpg
A = speed radio wave/frequency
=3x 108 ms /10 x 10°
—3km





OPS/images/line2.jpg





OPS/images/P003-001.jpg
Teach
Yourself





OPS/images/line.jpg





OPS/images/common5.jpg





OPS/images/common3.jpg





OPS/images/common7.jpg





OPS/images/common.jpg





OPS/images/fig1-7.jpg
b /Smuso\da\ modulation signal
T
1
1
0 >

i ] ) TTime

| i ' {

| | | |

| I I |

N i | i T |
| | | | |
N ! ! '
0
UU Time
- o =
Unmodulated | 32 | B | 3£ | 32!

1 5% 158 1581 5% !
snusoidal | 89 | §€ | B € | 87 |
carrierwave, | 5 | §o | §5 | §2 |
constant JCE€ 1 os o8 1 wg

P BT BT B
frequency | 1 " "

A A A
Maximum Carier  Minimum Carrier
Seanenty Frsaumocy bcisncy frecusncy

>





OPS/images/fig1-9.jpg
Communication

satellite
The wave received

via the satelite is
usually designated
as aspace wave.

% sky wave
. Spacewave
Receiving aerial
——— Surface wave





OPS/images/fig1-8.jpg





OPS/images/cover.jpg
PRACTICAL
ELECTRONICS

A complete introduction

© Understand practical electronics faster
© Master the subject step by step

o Test yourself as you go %; "
T i

X F“%ﬁ%
L
=

.9_/
o
Andy Cooper and Malcolm Plant

@)






OPS/images/fig1-4.jpg
(_Radio ) (Microwave) (Infrared] ( Visible ] (Uhraviolet] [ X-ray | (Gamma ray)
0

(in metres)

S,

ot & | 5 B % 4

Buikding Humans Honeybee Pinpoint Protozoans Molecules  Atoms  Atomic
nuckei

IR
inHa)





OPS/images/fig1-3.jpg
One wavelength &

<

+  epnudwy





OPS/images/fig1-6.jpg
Unmodulated
sinusoidal

/§\< Sinusoidal modulation signal
|

>
Time

Time
Carrier frequency

Envelope' of
modulated carrier wave

carrier wave





OPS/images/fig1-5.jpg
Dipole —___

Half

To receiver =———
~— | wavelength





