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Introduction 
In the last few years the two 
symbols shown here have become 
very familiar. The first is the Wi-Fi 
logo and the second tells us that a 
Wi-Fi service is available at a 
specific place. Most people also know that if they have Wi-Fi service 
they can connect a computer to the internet to browse or check 
email. In this lesson we look at this Wi-Fi technology and some of 
the fundamentals underlying it. 

Local Area Networks
As a background to this we need to appreciate 
that Wi-Fi is a form of local area network (LAN). 
A LAN is a network that interconnects 
computers in a small area such as an office, 
house or school.  Larger networks such as 
public telephone networks are called wide area 
networks (WANs). LANs connect computers 
and other devices such as printers together 
using cable. However, Wi-Fi is a wireless 
technology. This type of network is called a wireless LAN (WLAN). As such, 
it uses radio rather than cables to connect the devices. The frequencies 
used are located in the radio spectrum.  The radio spectrum itself is a subset 
of the electromagnetic spectrum. Most frequencies in the radio spectrum 
require a licence from ComReg (see panel). However, certain frequencies 
do not require a licence and Wi-Fi uses two such bands, one around the 2.4 
GHz region and the other in the 5 GHz region. 

How does it work?
The central device in the network is called a router. Most laptops and 
computers are fitted with a device called a wireless adaptor. In effect, this 
adaptor translates data, such as text, image or video, into radio signals and 
transmits the signals through the air to the router. It can also receive signals 
from the router and translate them back to data. In order to transmit or 
receive radio signals both the router and the adapter must be equipped with 
an antenna, often called an aerial. The router is usually connected to the 
Internet by cable, although it may be connected by a wireless link. However, 
this link is not considered to be part of the WLAN.

The importance of technical 
standards
The various components of a network 
cannot work together unless they all 
operate to an agreed standard. If a laptop 
sends a message to the router, the router 
must be able to understand it. For example, 
in computer networks, information is sent in 
groups of binary digits (bits) called packets 
or frames. When these packets reach the 
destination computer it must be able to 
extract the information from them. The standards, or rules, governing  
Wi-Fi networks are published by the Institute of Electrical and Electronic 
Engineers (IEEE). Without such standards there would be no useable  
Wi-Fi. All equipment manufacturers follow these standards so that if you 
purchase a Wi-Fi adapter for your computer, either in card form or as a 
USB device, you know it will work. 

What is a hotspot?
A device that allows wireless access to the internet is called a wireless 
network access point. These points are called hotspots and are often 
located in places such as cafes, libraries and hotels. These hotspots are 
often free of charge and are used to attract customers. The range of a 
hotspot might be around 20 metres. Larger areas can be covered by using 
a number of overlapping access points. 

Radio versus cable
It can be difficult to install cables in 
buildings, especially in older ones 
where provision for cabling may not 
have been made. Wireless removes 
the need for physical cables and 
this is an important advantage. It is 
common knowledge that radio 
waves are subject to many kinds of 
interference caused by atmospheric 
conditions and physical objects 
such as trees or buildings. Signals 
can be blocked, reflected and distorted in many ways. Even with local 
systems such as Wi-Fi, walls and other physical features of buildings can 
interfere with wireless signals causing low quality communication or even 
no reception at all.

Security issues
In addition, wireless signals can be easily accessed by outsiders. If you have 
a wireless network at home and the signal is available outside your house, 
you are actually providing a public hotspot. Your mobile phone is also 
equipped with an adapter and will inform you that a network has been 
detected. Many people have noticed that they are inadvertently picking up a 
signal from a neighbour’s house. The signal can then be used to access the 
neighbour’s network and the internet. This is called piggybacking. Most 
domestic users may not feel that this is important but it could cause problems. 
For example, access could be used to commit a cyber-crime such as credit 
card fraud. 

These security issues are very important for businesses. Hackers often 
break into networks in order to access confidential information. This is why 
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identifiers such as usernames and passwords are used to control access. In 
addition, confidential data is often encrypted.

A special code called a decryption key is then required in order to restore 
the original data.

Technical design
If you have a Wi-Fi network at home, have a look at the base of the router. 
You should see an entry called SSID, which stands for service set identifier. 
As mentioned above, this router is the centre of the network. It is a wonderful 
piece of electronic engineering, performing many functions.

 - It is a wireless access point.

 - It provides a gateway to the internet.  

 - It is also an Ethernet hub. This means that devices can be    
 connected to it by Ethernet cable, familiar to most students. 

 - In addition, it is also a firewall, which allows you to protect your   
 network from intruders by setting usernames and passwords.

Your internet service is probably provided on the cable that delivers the TV 
service, or over a standard telephone line. This is why service providers 
often call the router a cable modem or DSL modem. ‘DSL’ stands for digital 
subscriber line, which is your digital telephone line. ‘Modem’ stands for 
modulator/demodulator, in reference to the function of ‘translating’ signals 
so they can be carried over the cable.

Technical progress never ends as engineers and scientists come up with 
innovative developments. For example, efforts are being made to increase 
the distance over which Wi-Fi can operate while still using unlicensed 
frequencies. This technology is called Super Wi-Fi.

More access points
Wi-Fi is extremely popular and many local authorities now see it as a 
necessary service. Accordingly, they are planning to make Wi-Fi available to 
the public and city wide services are becoming more common all over the 
world.  Ireland is no exception and, in the drive to produce the digital city, 
service has already been installed in several cities including Dublin, Cork, 
Galway and Limerick. 

ComReg is the statutory body responsible for the regulation 
of the electronic communications sector (telecommunications, 
radiocommunications and broadcasting transmission) and the  
postal sector. Its remit covers all kinds of transmission networks 
including:

• Traditional wired telephone network

• Television and radio frequencies

• Radiocommunications including fixed wireless

• Mobile operators providing voice and data services

• Satellite services.

ComReg enables competition in the communications sector by 
facilitating market entry for networks and services and by 
regulating access to networks so as to ensure that consumers, 
both business and residential, have choice in the services 
which they wish to use. In a rapidly evolving sector, both in 
technological and commercial terms, ComReg provides the 
framework for the introduction of new services such as next 
generation mobile to support smartphones and similar 
applications.

Encouraging innovation is also a key role for ComReg. This 
covers both regulatory innovations, such as implementation of 
market reviews under the new European regulatory framework, 
and technical innovations. On the radio spectrum side the role 
involves development of strategies for management and use of 
the radio spectrum, new initiatives in the wireless licensing 
area, and the promotion of Ireland as a test bed for innovative 
uses of spectrum.  
(See Test & Trial Ireland at www.testandtrial.ie ).

ComReg websites provide information and advice to users.

Consumer advice  www.askcomreg.ie

Guide on pricing  www.callcosts.ie

Premium Rate services  www.phonesmart.ie

Statistics on Irish comms. market  www.comstat.ie

Find out more about the work of ComReg at  www.comreg.ie

Find this and other lessons on www.sta.ie

Radio Fundamentals
The word ‘radio’ comes from the verb ‘radiate’ (Latin 
‘radiare’). Radio is the transmission of electromagnetic 
waves through free space in a frequency band up to 300 
GHz. This is the radio band of the electromagnetic spectrum.  
Information such as sound or images is transmitted by 
changing some property of a carrier wave so that the change 
represents the information being sent.  This changing 
process is called modulation. For example, in FM radio the 
frequency is changed (frequency modulation). The waves 
are emitted from an antenna and received by another 
antenna. When the waves strike the antenna which is a 
conductor, they induce an alternating current in it. The wave 
can then be demodulated and the original information 
recovered.  
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Syllabus References
The relevant syllabus references are:

Leaving Certificate Physics
• Radio Waves

Leaving Certificate Technology
• Local Area Networks

• The  Internet

Science and Technology in Society (STS)
This lesson is very relevant to the STS component of the Leaving 
Certificate science syllabi.

Transition Year 
This lesson can be effectively used in a Transition Year ICT module. 

Learning Outcomes

On completion of this lesson, students should be able to: 

• Provide an outline description of the electromagnetic spectrum

• Describe what Wi-Fi technology is

• Differentiate between LANs and WLANs

• Identify the main components of a wireless local area network 

(WLAN)

• Debate the issue of security in the context of computer networks

• Outline some advantages and disadvantages of wireless networks

• Describe the function of a carrier wave

• Describe the general functions of ComReg.

General Learning Points
The following points can be used to enhance the 
lesson content and to inform discussion.

• It is said that Wi-Fi would not exist if the US Federal Communications 
Commission (FCC) had not decided to allow some bands of 
spectrum to be used without a licence.  This was in 1985. Then, a 
few years later, NCR wanted to link cash registers and asked the 
Institute of Electrical and Electronic Engineers (IEEE) to produce a 
standard. The IEEE set up a new committee called 802.11. All WLAN 
standards carry this number.

• Wi-Fi really took off when Apple put an adapter into the iBook in 
1999 and other manufacturers followed suit.

• There are various forms of modulation. Amplitude (AM), frequency 
(FM) and phase (PM) are the most common. 

• The Wi-Fi Alliance is an industry association that promotes WLAN 
technologies and certifies products to ensure that can interoperate. 

• Radio waves are affected as they propagate through the atmosphere. 
Like light waves they are subject to absorption, reflection, refraction, 
diffraction and scattering losses.  

• A hotspot can sometimes contain more than one access point. 
ComReg estimate that there are some 2,200 hotspots but some 4,000 
access points in Ireland (ComReg Quarterly Key Data Report, Q4 
2012).

• The electromagnetic spectrum is discussed in more detail in the 
ComReg lesson in Edition 8 of Science and Technology in Action 
(www.sta.ie).

Student Activities
1.  Can mobile signals be blocked?

Explore various ways of blocking mobile phone signals. Can the phone 
receive signals if it is: 

- wrapped in one or more layers of kitchen foil?

- placed in an aluminium saucepan (with a lid on)?

- placed in an aluminium saucepan but covered with a metal mesh 
(e.g. a frying pan splatter screen)?

- placed in a well-sealed glass jar and held under water? 
(Note: Be sure the phone does not come in contact with the 
water.) The response of the phone to incoming signals should be 
visible even if the ring tone is not easily heard.

2.  A relatively straightforward mobile phone signal detector can be built 
on a standard prototyping board (a.k.a. a ‘breadboard’) using just ten 
electronic components. Details of one such device are available on 
Seattle University’s website. => College of Science and Engineering 
=> Electrical & Computer Engineering => Laboratory:    
http://www.seattleu.edu/scieng/ece/CellPhoneSignalDetector.html

True/False Questions
a) To transmit or receive radio frequencies an  

aerial or antenna is required.    T  F
b) The eircom telephone network is a WAN.   T F
c) The radio spectrum is not related to the   

electromagnetic spectrum.  T   F
d) The component of a WAN that is connected to the  

Internet is called a router  T  F
e) A wireless network access point and a hotspot are   

two different things.         T   F
f) Atmospheric conditions can interfere with radio signals.  T   F
g) Using someone else’s Wi-Fi service without permission   

is called piggybacking.  T   F
h) Changing a carrier wave to embed information is   

called modulation.          T  F
i) Data can be protected by encryption.      T   F

j) ComReg provide licences for Wi-Fi networks.    T F

Check your answers to these questions on www.sta.ie.
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Examination Questions

Leaving Certificate Physics (HL) 2007, Q. 7 
What is the Doppler effect?
Explain, with the aid of labelled diagrams, how this phenomenon 
occurs. The emission line spectrum of a star was analysed using the 
Doppler effect. Describe how an emission line spectrum is produced. 
The red line emitted by a hydrogen discharge tube in the laboratory has 
a wavelength of 656 nm. The same red line in the hydrogen spectrum of 
a moving star has a wavelength of 720 nm. Is the star approaching the 
earth? Justify your answer. Calculate:

(i) the frequency of the red line in the star’s spectrum

(ii) the speed of the moving star.  (speed of light = 3.00 × 10 8 m s–1)

Leaving Certificate Physics (HL) 2002, Q. 7
“Constructive interference and destructive interference take place 
when waves from two coherent sources meet.” 

(a) Explain the underlined terms in the above statement.

(b) What is the condition necessary for destructive interference to 
take place when waves from two coherent sources meet? 

(c) Describe an experiment that demonstrates the wave nature of 
light.

Radio waves of frequency 30 kHz are received at a location 1500 km from 
a transmitter. The radio reception temporarily “fades” due to destructive 
interference between the waves travelling parallel to the ground and the 
waves reflected from a layer (ionosphere) of the earth’s atmosphere.

(e) Calculate the wavelength of the radio waves.

(f)  What is the minimum distance that the reflected waves should 
travel for destructive interference to occur at the receiver?

Leaving Certificate Physics (HL) 2010, Q.11
Read the following passage and answer the accompanying questions. 
“A person’s exposure to radiation when using a mobile phone is measured 
in terms of the Specific Absorption Rate (SAR). This is a measure of the rate 
at which radio frequency energy is absorbed by a person’s body during a 
phone call and is expressed in watts per kilogram.   
A radio frequency wave penetrates the body to a depth that depends on 
its frequency. At mobile phone frequencies the wave energy is absorbed 
by about one centimetre of body tissue. The energy absorbed is 
converted into heat and is carried away by the body. Any adverse health 
effects from radio frequency waves are due to heating. Current scientific 
evidence indicates that exposure to radiation from mobile phones is 
unlikely to induce cancer.” (Adapted from a Dept. of Communications, 
Energy and Natural Resources Press Release of 22 March 2007.)

(a)  Give two properties of radio waves. 

(b)  In a three-minute phone call, 10 g of head tissue absorbs 0.36 J of 
radio frequency energy. Calculate the SAR value.

(c)  What happens to the radio frequency energy absorbed by the 
body?

(e)  A mobile phone converts the received radio frequency waves to 
sound waves. What are the audible frequency limits for sound 
waves?

(g)  A mobile phone transmits at 1200 MHz from its antenna.  
Calculate the length of its antenna (which is one quarter of the 
wavelength it transmits.)

Did You Know?

• The term Wi-Fi was invented by a marketing company called Interbrand. 
They were asked to come up with a better name than ‘IEEE 802.11b 
Direct Sequence’, the original name of the standard for wireless 
networks. Wi-Fi is a play on the term HiFi, an audio term for High Fidelity.

• The successful tender for the provision of free Wi-Fi access points in 
Dublin City was signed in October 2012. The service provider is Gowex, 
a Spanish company.

• Vic Hayes is an engineer who was chairperson of the IEEE 802.11 
Committee for ten years and is often called the father of Wi-Fi. 

• It is estimated that Ireland’s household broadband penetration is 65%, 
while the EU average is 68%. (ComReg Quarterly Key Data Report, Q4 
2012).

• You will often hear the term cable modem in connection with household 
Wi-Fi. This performs the same functions as the device called the router 
in this lesson. 

Biographical Notes 
Hans Christian Ørsted (1777 – 1851), 
Ørsted, a Danish scientist, was preparing a lecture on 21 April 1820 
when he noticed that a compass needle deflected from magnetic north 
when a nearby electric current was switched on and off. This observation 
influenced much subsequent research by scientists and confirmed a 
direct relationship between electricity and magnetism.

Nikola Tesla (1856 –1943) 
Nikola Tesla (1856 –1943) was a Serbian-American whose theoretical 
work and commercial patents were instrumental in the development of 
electrical engineering and radio communications. He was an advocate 
of AC technology for power distribution when the dominant technology 
was DC. He demonstrated short range wireless communication in 
1894.The SI unit of magnetic flux density is named after him.  

Revise the Terms

Can you recall the meaning of the following terms? Revising 
terminology is a powerful aid to recall and retention.

Aerial, antenna, binary digits, bits, card, carrier, decryption key, 
demodulated, DSL, digital subscriber line, electromagnetic spectrum, 
encrypted, frames, Ethernet cable, Ethernet hub, firewall, GHz,  Internet, 
kHz, local area network (LAN),.modem, modulation, packets, router, 
SSID, service set identifier, Super Wi-Fi, USB, username, wide area 
network (WAN),  Wi-Fi, wireless local area network (WLAN). 

Check the Glossary of terms for this lesson on www.sta.ie


