
Network generations - from 1G to 4G
The first mobile networks were based on analogue technology.  
This approach is now known as 1st Generation (1G). The next 
generation (2G), introduced in the early 1990s, uses digital technology. 
In digital networks, all forms of information - text, images, video etc. are 
sent across the network in digital format. This means that the information 
is coded in binary form (combinations of 1s and 0s) by the device at one 
end of the connection and decoded by the device at the other end. 

This kind of data can be compressed, so it takes up much less 
bandwidth in the connecting links. For example, a digital circuit may 
carry ten times as many voice calls in the same bandwidth required by an  
analogue call. 2G network also introduced text messaging, a service that 
we now take for granted. 3rd Generation (3G) networks were developed 
to provide much higher transmission rates in order to meet the demand 
for multimedia services. In the mobile world, the transmission rate is 
referred to as the speed and is measures in bits per second (bps).  
This should not be confused with bytes per second (bps). File size is 
usually measured in bytes. To download a three minute song on a 2G 
network might take over three minutes while on a 3G network offering 
speeds of 3 Mbps (megabits per second), it might take around ten seconds. 

The 4th Generation (4G) provides even higher speeds to enable high 
quality broadband access to the internet for mobile devices. Vodafone’s 
Superfast 4G provides speeds of up to 75 Mbps.

The mobile network changes our lives
Mobility is characterised by the phrase anywhere/anytime, meaning that 
neither time nor location is a barrier to communication. Two factors  
have driven this world – mobility and connectivity. There is probably no 
aspect of social or business life that has remained immune to the impact 
of mobile technology. We send and receive unprecedented numbers 
of text and voice messages. We use mobiles to access the internet for 
information and entertainment and to communicate with social networks 
of one form or another. Knowledge of world events is immediate. 

We can respond instantly with support messages or donations to victims 
of military conflict, serious disease outbreaks or natural disaster. 

Vodafone call the use of mobile technology to support good causes  
‘Mobile for Good’ and the company works with many charities to make 
this vision a reality. Examples include services that allow victims of 
domestic violence to reach immediate emergency help, and a system 
where doctors can remotely monitor epilepsy patients. This use of  
mobile technologies for healthcare purposes has become the focus of 
much attention and this field is now known as the mHealth sector. 

Mobility is also bringing many changes to the field of education. An  
increasing number of schools and colleges are now allowing students to 
use their own mobile devices for learning purposes. Many elearning sites 
are available on the internet, and mobile devices provide ready access 
to them. This ‘bring your own device’ (BYOD) policy is also becoming 
popular in the world of work. For example, Vodafone employees are not 
assigned to particular physical spaces, offices or desks; they can use their 
own mobile devices and choose a room to work from home or, indeed, 
from anywhere. When working on international projects, high speed 
connectivity and high quality video conferencing make mobile global 
communication easy. Project teams can collaborate, discuss issues and 
solve problems. The virtual workplace is now a reality. 

Into the future
The mobile network is the driver of much social change. At a personal 
level almost every aspect of our work and leisure has been influenced. 
This change process is certain to continue into the future. It is almost 
inevitable that the price of mobile devices and network connections will 
go down. At the same time, the capability of devices and networks will  
increase. Research indicates phenomenal growth in mobile device  
usage over the next few years. For example, it is estimated that global 
mobile data traffic will increase by a factor of eleven (on 2013 figures) by 
2018 to reach some 16 exabytes (1018 bytes) per month. In addition there 
will be 10 billion mobile devices – about 1.4 times the world’s population. 

Mobile video already makes up more than half of the data transmitted 
worldwide and will make up two-thirds by 2018. So we can expect  
networks to deliver even faster multimedia streaming. Thousands of new 
apps will also drive network traffic up. We will probably stop filing these 
apps on our mobile devices. Instead, we will download them from the 
internet (the cloud) whenever we need them. 

There will also be many new types of mobile device including smart 
meters, video surveillance units, business, healthcare and household 
management sensors. Many of these will be machine-to-machine (M2M) 
systems that do not need any human intervention but will communicate 
directly to other computers across the network. The number of wearable 
mobile devices is also expected to grow significantly over the period. 
These devices, which include glasses and smartwatches, contain 
wireless capabilities, cameras and other electronics.

All of these developments will increase demand for bandwidth even  
further, giving rise to faster and more powerful networks. In turn, these 
networks will drive many new opportunities in almost every field of  
human activity. We will see widespread access to health care and  
education, and the business world will benefit from instant connectivity 
with customers in a growing global market. 

Find this and other lessons on www.sta.ie

Vodafone is Ireland’s leading mobile communications 
operator with 2.4 million customers since entering the Irish 
market in May 2001. Vodafone is the single biggest investor 
in new technology in the Irish telecoms industry annually, 
with over €900 million spent building and maintaining its 
network.

Such innovation means Vodafone Ireland has been the first 
to launch a number of leading edge technologies onto the 
Irish market. These include opening Ireland’s first 3G 
network in May 2003, delivering mobile broadband speeds 
of up to 21Mbps through HSPA+ technology in February 
2010 and more recently the launch of HD Voice which 
enables the clearest voice call experience yet.

Vodafone Ireland secured the largest allocation of mobile 
spectrum available to the market in 2011. Delivering 4G 
services is a key element of Vodafone’s nationwide network 
enhancement programme. This programme has already 
positively impacted on customers and businesses across 
the country that can now access high-speed data services 
on Ireland’s leading network.

Vodafone Ireland is part of Vodafone Group, one of the 
world’s largest mobile communications companies by 
revenue. With approximately 403 million customers in its 
controlled and jointly controlled markets as of 30 September 
2013, Vodafone currently has equity interests in over 30 
countries across five continents and more than 50 partner 
networks worldwide.

For the second year in succession Vodafone is listed as a 
Great Place to Work in Ireland 

Find out more about Vodafone at www.vodafone.ie
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The Future is Mobile

Mobile devices are changing our world 
In the past, certain technologies have brought about significant 
and unforeseen changes in society. Well known examples of 
such technologies are the printing press, railways and 
electricity. However, no previous technology has had the 
dramatic impact of the mobile device. For example, there were 
no mobile phone subscribers in 1982. Today, some thirty years 
later, nearly 85% of the world’s population have mobile phones. 
This extraordinary situation illustrates our fascination with the 
mobile devices that have begun to dominate our lives. 
However, none of these devices could communicate without 
the telecommunications network that connects them together.

In this lesson we look at some of the fundamental science 
associated with mobile devices and the network that allows them  
to connect with the internet and with each other, and then discuss 
some of the many ways these technologies are influencing our lives.

The mobile network provides the connectivity
There are many types of mobile device, including, smartphones, laptops 
and tablets. Mobile devices use radio waves called microwaves, to 
send and receive information. This information may be a voice call, a text  
message, an email, images, video or a web page. To illustrate how a  
mobile network operates we will use the example of a phone call. When 
you switch your phone on, it finds and connects to a transceiver called  
a base station. If you dial a friend’s number, the base station locates  
your friend’s phone and the connection is set up. 

A mobile network is comprised of a number of these base stations.  
They are usually located on tall steel towers, often disguised as trees.  
However, in cities, where each cell covers a relatively small geographical 
area, they might be located on the roofs or walls of buildings.

Each base station serves a limited geographical area called a cell.  
This is why mobile phones are also called cell phones. Each cell can  
deal only with a certain number of simultaneous  
connections. However, there are lots of them 
and the areas are often small, especially in 
large cities. When a user moves between 
cells, one cell is said to handover the 
connection to the next cell without interruption. 
This freedom of movement is one of great 
strength of mobile technology. 

All of the base stations are connected, often 
by high speed optical fibre cable, to a control 
centre called a Mobile Telephone Switching 
Office (MTSO). All enabled mobile devices 
have certain codes associated with them and 
the MTSO checks these codes in order to 
authorise a connection. The MTSO also routes calls between base stations 
and, when required, to the fixed telephone network or the internet. 

This flexibility means that a user can readily make connection with  
another user or with a website. Connectivity is the other great attribute  
of mobile networks. 

The Future is Mobile
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The first mobile networks were based on analogue technology.  
This approach is now known as 1st Generation (1G). The next 
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this vision a reality. Examples include services that allow victims of 
domestic violence to reach immediate emergency help, and a system 
where doctors can remotely monitor epilepsy patients. This use of  
mobile technologies for healthcare purposes has become the focus of 
much attention and this field is now known as the mHealth sector. 

Mobility is also bringing many changes to the field of education. An  
increasing number of schools and colleges are now allowing students to 
use their own mobile devices for learning purposes. Many elearning sites 
are available on the internet, and mobile devices provide ready access 
to them. This ‘bring your own device’ (BYOD) policy is also becoming 
popular in the world of work. For example, Vodafone employees are not 
assigned to particular physical spaces, offices or desks; they can use their 
own mobile devices and choose a room to work from home or, indeed, 
from anywhere. When working on international projects, high speed 
connectivity and high quality video conferencing make mobile global 
communication easy. Project teams can collaborate, discuss issues and 
solve problems. The virtual workplace is now a reality. 

Into the future
The mobile network is the driver of much social change. At a personal 
level almost every aspect of our work and leisure has been influenced. 
This change process is certain to continue into the future. It is almost 
inevitable that the price of mobile devices and network connections will 
go down. At the same time, the capability of devices and networks will  
increase. Research indicates phenomenal growth in mobile device  
usage over the next few years. For example, it is estimated that global 
mobile data traffic will increase by a factor of eleven (on 2013 figures) by 
2018 to reach some 16 exabytes (1018 bytes) per month. In addition there 
will be 10 billion mobile devices – about 1.4 times the world’s population. 

Mobile video already makes up more than half of the data transmitted 
worldwide and will make up two-thirds by 2018. So we can expect  
networks to deliver even faster multimedia streaming. Thousands of new 
apps will also drive network traffic up. We will probably stop filing these 
apps on our mobile devices. Instead, we will download them from the 
internet (the cloud) whenever we need them. 

There will also be many new types of mobile device including smart 
meters, video surveillance units, business, healthcare and household 
management sensors. Many of these will be machine-to-machine (M2M) 
systems that do not need any human intervention but will communicate 
directly to other computers across the network. The number of wearable 
mobile devices is also expected to grow significantly over the period. 
These devices, which include glasses and smartwatches, contain 
wireless capabilities, cameras and other electronics.

All of these developments will increase demand for bandwidth even  
further, giving rise to faster and more powerful networks. In turn, these 
networks will drive many new opportunities in almost every field of  
human activity. We will see widespread access to health care and  
education, and the business world will benefit from instant connectivity 
with customers in a growing global market. 
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Such innovation means Vodafone Ireland has been the first 
to launch a number of leading edge technologies onto the 
Irish market. These include opening Ireland’s first 3G 
network in May 2003, delivering mobile broadband speeds 
of up to 21Mbps through HSPA+ technology in February 
2010 and more recently the launch of HD Voice which 
enables the clearest voice call experience yet.

Vodafone Ireland secured the largest allocation of mobile 
spectrum available to the market in 2011. Delivering 4G 
services is a key element of Vodafone’s nationwide network 
enhancement programme. This programme has already 
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the country that can now access high-speed data services 
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deal only with a certain number of simultaneous  
connections. However, there are lots of them 
and the areas are often small, especially in 
large cities. When a user moves between 
cells, one cell is said to handover the 
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This freedom of movement is one of great 
strength of mobile technology. 

All of the base stations are connected, often 
by high speed optical fibre cable, to a control 
centre called a Mobile Telephone Switching 
Office (MTSO). All enabled mobile devices 
have certain codes associated with them and 
the MTSO checks these codes in order to 
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another user or with a website. Connectivity is the other great attribute  
of mobile networks. 

The Future is Mobile



True/False Questions

a) Light travels faster than radio waves.  T F
b) A digital mobile network is comprised of a number of cells.  T F
c) A base station provides the mobile service in a cell. T F
d) 1st Generation networks provide broadband to the internet. T F
e) Mobile users cannot move between cells without  

interruption. T F
f) Cells are connected to an MTSO. T F
g) There will be very few new mobile devices available over  

the next few years.  T F
h) Mobile networks have improved access to health care and 

education.  T F
i) Mobile devices use Gamma Rays to send calls. T F 
j) Vodafone operates the largest mobile network in Ireland.  T F

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

Syllabus references
The main syllabus references for the lesson are:

Leaving Certificate Technology
• Information and Communications Technology
• Computer Systems, Computer Architecture
• Data Communications
• The Internet

Leaving Certificate Physics
• Wave phenomena (including radio waves)
• Relationship c = f λ
• Electromagnetic waves
• Properties of waves

Science and Technology in Action is also widely used  
by Transition Year classes. 

Did You Know?
• There were mobile phones in the US in the late 1940s but they 

were confined to motor vehicles. Calls were set up manually by 
an operator in an exchange.  
The equipment in the car weighed over 30 kg. 

• The first mobile operator in Ireland was Eircell, which was 
owned by eircom. Vodafone purchased the company in 
2001 and rebranded as Vodafone Ireland.

• Vodafone launched the world’s cheapest mobile phone in 2010 
(the Vodafone 150) for use in developing countries. 

• Superfast 4G is now available in the following cities: Dublin, 
Cork, Galway, Limerick, Waterford and Kilkenny.

• Vodafone’s World of Difference is a Vodafone Foundation 
programme that allows employees to take a paid career break 
and use their skills and experience on social projects.  
It currently operates in 19 countries.

• You can find interesting mobile data usage forecasts in the 
Cisco Visual Networking Index at www.cisco.com.

Biographical Notes

Martin “Marty” Cooper (1928 - )
Martin “Marty” Cooper (born 
1928) is an American pioneer 
in the wireless communications 
technologies Industry who is 
seen as the ‘father of the cell 
phone’. He developed the first 
handheld mobile phone during 
the 1970s, the Motorola 
DynaTAC. Up to that, mobiles 
were so heavy that they were 
only used in cars. Even so, his 
mobile was 9 inches long and weighed 2.5 pounds. He is also said 
to be the first person in history to make a handheld public mobile 
phone call. He is a prolific inventor with many patents to his name.

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

• Outline how a mobile call is set up
• Discuss the evolution of the mobile generations (1G - 4G)
• Describe the function of a mobile network
• Identify areas in which mobile technologies have had significant 

impact on society
• Discuss the probable future evolution of mobile technology
• Outline the role and activities of Vodafone.

General Learning Points 
These are additional relevant points which are used to extend 
knowledge and facilitate discussion.

• The mobile phone is a computer so, like all computers, it needs 
an Operating System (OS) The most widely used mobile OS is 
Android which is owned by Google and holds over 80% of the 
market. The second largest share is served by iOS owned by 
Apple and the third by Windows Phone from Microsoft.  
There are many others also, but they are used by relatively 
small numbers.

• When the European standards for 2G were being developed 
during the 1980s, the engineers included a text capability. 
Having analysed various message lengths they decided that 
160 characters would be sufficient. This became known as SMS 
(Short Message Service). The first SMS message was sent over 
the Vodafone network in the UK in December 1992; the 
message was ‘Merry Christmas’.

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

antenna, anywhere/anytime, base station, bits per second (bps), 
bytes per second (Bps), bring your own device (BYOD), cell, cell 
phone, compression, connectivity, handover, mHealth, machine-to- 
machine (M2M), microwaves, mobile network, mobile technology, 
Mobile for Good, Mobile Telephone Switching Office (MTSO), 
mobility, radio waves, smartwatch, social networks, streaming, 
telecommunications network, the cloud, wearable mobile devices.

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

• The impact of innovation does not 
behave linearly but is often characterised 
by a series of stops and starts called ‘inflection points’. Mobile 
technology is an example. Sales of mobiles were relatively slow 
early in the 2G era but then exploded. Early text messaging was 
considered to be a novelty. No analyst or marketer forecast the 
incredible later growth of text messaging. 

• The first mobiles able to send email and use the web became 
available in April 1999. (www.phonehistory).

• A notable mHealth project is ‘SMS for Life’ in Tanzania, where 
Vodafone (in partnership with the pharmaceutical company 
Novartis) have provided a service that allows thousands of 
health centres renew their stock levels of anti-malaria 
medications by text messaging. 

• Infact, mobile phone operators such as Vodafone no longer 
provide only phone services to their business customers.  
They also advise businesses on the best ways to use the 
technology and assist them in organising and managing the 
mobile work place. 

 

Student Activities
These activities are suitable for group work.

1. The area served by a mobile mast is generally referred to as  
a cell. The masts (and cells) are often arranged in a hexagonal 
pattern rather than a square one and the typical range is about 
50 km in open country and less in cities. 
Sketch the two arrangements and find which arrangement is 
most efficient (assuming ideal conditions).

2. Outline the advantages and disadvantages of the use of mobile 
devices in school.  
Are there specific ways in which smartphones can contribute to 
science education?

3. Using the following list of words (and any others you consider 
relevant) construct a concept map to show how the words relate 
to mobile phone technology: 
bandwidth, base station, camera, cell phone, charger, digital 
camera, electromagnetic wave, frequency, Internet, locked, 
MHz, microwave, power, radio wave, range, receiver, 
smartphone, switching / routing, transmission rate, transceiver, 
wavelength, wireless. 
(The diagram below may be used as a starting point.)

Examination Questions 
Leaving Certificate Physics (HL) 2010, Q. 11 (part)

“ 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 absorbed energy in watts per kilogram.

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

(d)  Why are radio frequency waves not very penetrating? 
(e)  A mobile phone converts the received radio frequency waves to 

sound waves. What are the audible frequency limits for sound 
waves? 

(f)  Give two safety precautions you should take when using a 
mobile phone. 

(g)  If a mobile phone transmits at 1200 MHz from its antenna, 
calculate the length of its antenna, which is one quarter of the 
wavelength that it transmits.

(h)  Name an electromagnetic wave which may induce cancer. 
Justify your answer. 

 (speed of light = 3.0 × 108 m s–1)
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technology is an example. Sales of mobiles were relatively slow 
early in the 2G era but then exploded. Early text messaging was 
considered to be a novelty. No analyst or marketer forecast the 
incredible later growth of text messaging. 

• The first mobiles able to send email and use the web became 
available in April 1999. (www.phonehistory).

• A notable mHealth project is ‘SMS for Life’ in Tanzania, where 
Vodafone (in partnership with the pharmaceutical company 
Novartis) have provided a service that allows thousands of 
health centres renew their stock levels of anti-malaria 
medications by text messaging. 

• Infact, mobile phone operators such as Vodafone no longer 
provide only phone services to their business customers.  
They also advise businesses on the best ways to use the 
technology and assist them in organising and managing the 
mobile work place. 

 

Student Activities
These activities are suitable for group work.

1. The area served by a mobile mast is generally referred to as  
a cell. The masts (and cells) are often arranged in a hexagonal 
pattern rather than a square one and the typical range is about 
50 km in open country and less in cities. 
Sketch the two arrangements and find which arrangement is 
most efficient (assuming ideal conditions).

2. Outline the advantages and disadvantages of the use of mobile 
devices in school.  
Are there specific ways in which smartphones can contribute to 
science education?

3. Using the following list of words (and any others you consider 
relevant) construct a concept map to show how the words relate 
to mobile phone technology: 
bandwidth, base station, camera, cell phone, charger, digital 
camera, electromagnetic wave, frequency, Internet, locked, 
MHz, microwave, power, radio wave, range, receiver, 
smartphone, switching / routing, transmission rate, transceiver, 
wavelength, wireless. 
(The diagram below may be used as a starting point.)

Examination Questions 
Leaving Certificate Physics (HL) 2010, Q. 11 (part)

“ 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 absorbed energy in watts per kilogram.

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

(d)  Why are radio frequency waves not very penetrating? 
(e)  A mobile phone converts the received radio frequency waves to 

sound waves. What are the audible frequency limits for sound 
waves? 

(f)  Give two safety precautions you should take when using a 
mobile phone. 

(g)  If a mobile phone transmits at 1200 MHz from its antenna, 
calculate the length of its antenna, which is one quarter of the 
wavelength that it transmits.

(h)  Name an electromagnetic wave which may induce cancer. 
Justify your answer. 
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True/False Questions

a) Light travels faster than radio waves.  T F
b) A digital mobile network is comprised of a number of cells.  T F
c) A base station provides the mobile service in a cell. T F
d) 1st Generation networks provide broadband to the internet. T F
e) Mobile users cannot move between cells without  

interruption. T F
f) Cells are connected to an MTSO. T F
g) There will be very few new mobile devices available over  

the next few years.  T F
h) Mobile networks have improved access to health care and 

education.  T F
i) Mobile devices use Gamma Rays to send calls. T F 
j) Vodafone operates the largest mobile network in Ireland.  T F

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

Syllabus references
The main syllabus references for the lesson are:

Leaving Certificate Technology
• Information and Communications Technology
• Computer Systems, Computer Architecture
• Data Communications
• The Internet

Leaving Certificate Physics
• Wave phenomena (including radio waves)
• Relationship c = f λ
• Electromagnetic waves
• Properties of waves

Science and Technology in Action is also widely used  
by Transition Year classes. 

Did You Know?
• There were mobile phones in the US in the late 1940s but they 

were confined to motor vehicles. Calls were set up manually by 
an operator in an exchange.  
The equipment in the car weighed over 30 kg. 

• The first mobile operator in Ireland was Eircell, which was 
owned by eircom. Vodafone purchased the company in 
2001 and rebranded as Vodafone Ireland.

• Vodafone launched the world’s cheapest mobile phone in 2010 
(the Vodafone 150) for use in developing countries. 

• Superfast 4G is now available in the following cities: Dublin, 
Cork, Galway, Limerick, Waterford and Kilkenny.

• Vodafone’s World of Difference is a Vodafone Foundation 
programme that allows employees to take a paid career break 
and use their skills and experience on social projects.  
It currently operates in 19 countries.

• You can find interesting mobile data usage forecasts in the 
Cisco Visual Networking Index at www.cisco.com.

Biographical Notes

Martin “Marty” Cooper (1928 - )
Martin “Marty” Cooper (born 
1928) is an American pioneer 
in the wireless communications 
technologies Industry who is 
seen as the ‘father of the cell 
phone’. He developed the first 
handheld mobile phone during 
the 1970s, the Motorola 
DynaTAC. Up to that, mobiles 
were so heavy that they were 
only used in cars. Even so, his 
mobile was 9 inches long and weighed 2.5 pounds. He is also said 
to be the first person in history to make a handheld public mobile 
phone call. He is a prolific inventor with many patents to his name.

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

• Outline how a mobile call is set up
• Discuss the evolution of the mobile generations (1G - 4G)
• Describe the function of a mobile network
• Identify areas in which mobile technologies have had significant 

impact on society
• Discuss the probable future evolution of mobile technology
• Outline the role and activities of Vodafone.

General Learning Points 
These are additional relevant points which are used to extend 
knowledge and facilitate discussion.

• The mobile phone is a computer so, like all computers, it needs 
an Operating System (OS) The most widely used mobile OS is 
Android which is owned by Google and holds over 80% of the 
market. The second largest share is served by iOS owned by 
Apple and the third by Windows Phone from Microsoft.  
There are many others also, but they are used by relatively 
small numbers.

• When the European standards for 2G were being developed 
during the 1980s, the engineers included a text capability. 
Having analysed various message lengths they decided that 
160 characters would be sufficient. This became known as SMS 
(Short Message Service). The first SMS message was sent over 
the Vodafone network in the UK in December 1992; the 
message was ‘Merry Christmas’.

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

antenna, anywhere/anytime, base station, bits per second (bps), 
bytes per second (Bps), bring your own device (BYOD), cell, cell 
phone, compression, connectivity, handover, mHealth, machine-to- 
machine (M2M), microwaves, mobile network, mobile technology, 
Mobile for Good, Mobile Telephone Switching Office (MTSO), 
mobility, radio waves, smartwatch, social networks, streaming, 
telecommunications network, the cloud, wearable mobile devices.

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

• The impact of innovation does not 
behave linearly but is often characterised 
by a series of stops and starts called ‘inflection points’. Mobile 
technology is an example. Sales of mobiles were relatively slow 
early in the 2G era but then exploded. Early text messaging was 
considered to be a novelty. No analyst or marketer forecast the 
incredible later growth of text messaging. 

• The first mobiles able to send email and use the web became 
available in April 1999. (www.phonehistory).

• A notable mHealth project is ‘SMS for Life’ in Tanzania, where 
Vodafone (in partnership with the pharmaceutical company 
Novartis) have provided a service that allows thousands of 
health centres renew their stock levels of anti-malaria 
medications by text messaging. 

• Infact, mobile phone operators such as Vodafone no longer 
provide only phone services to their business customers.  
They also advise businesses on the best ways to use the 
technology and assist them in organising and managing the 
mobile work place. 

 

Student Activities
These activities are suitable for group work.

1. The area served by a mobile mast is generally referred to as  
a cell. The masts (and cells) are often arranged in a hexagonal 
pattern rather than a square one and the typical range is about 
50 km in open country and less in cities. 
Sketch the two arrangements and find which arrangement is 
most efficient (assuming ideal conditions).

2. Outline the advantages and disadvantages of the use of mobile 
devices in school.  
Are there specific ways in which smartphones can contribute to 
science education?

3. Using the following list of words (and any others you consider 
relevant) construct a concept map to show how the words relate 
to mobile phone technology: 
bandwidth, base station, camera, cell phone, charger, digital 
camera, electromagnetic wave, frequency, Internet, locked, 
MHz, microwave, power, radio wave, range, receiver, 
smartphone, switching / routing, transmission rate, transceiver, 
wavelength, wireless. 
(The diagram below may be used as a starting point.)

Examination Questions 
Leaving Certificate Physics (HL) 2010, Q. 11 (part)

“ 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 absorbed energy in watts per kilogram.

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

(d)  Why are radio frequency waves not very penetrating? 
(e)  A mobile phone converts the received radio frequency waves to 

sound waves. What are the audible frequency limits for sound 
waves? 

(f)  Give two safety precautions you should take when using a 
mobile phone. 

(g)  If a mobile phone transmits at 1200 MHz from its antenna, 
calculate the length of its antenna, which is one quarter of the 
wavelength that it transmits.

(h)  Name an electromagnetic wave which may induce cancer. 
Justify your answer. 
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c) A base station provides the mobile service in a cell. T F
d) 1st Generation networks provide broadband to the internet. T F
e) Mobile users cannot move between cells without  

interruption. T F
f) Cells are connected to an MTSO. T F
g) There will be very few new mobile devices available over  
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h) Mobile networks have improved access to health care and 
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i) Mobile devices use Gamma Rays to send calls. T F 
j) Vodafone operates the largest mobile network in Ireland.  T F

Check your answers to these questions on www.sta.ie.
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The main syllabus references for the lesson are:
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• Information and Communications Technology
• Computer Systems, Computer Architecture
• Data Communications
• The Internet

Leaving Certificate Physics
• Wave phenomena (including radio waves)
• Relationship c = f λ
• Electromagnetic waves
• Properties of waves

Science and Technology in Action is also widely used  
by Transition Year classes. 

Did You Know?
• There were mobile phones in the US in the late 1940s but they 

were confined to motor vehicles. Calls were set up manually by 
an operator in an exchange.  
The equipment in the car weighed over 30 kg. 

• The first mobile operator in Ireland was Eircell, which was 
owned by eircom. Vodafone purchased the company in 
2001 and rebranded as Vodafone Ireland.

• Vodafone launched the world’s cheapest mobile phone in 2010 
(the Vodafone 150) for use in developing countries. 

• Superfast 4G is now available in the following cities: Dublin, 
Cork, Galway, Limerick, Waterford and Kilkenny.

• Vodafone’s World of Difference is a Vodafone Foundation 
programme that allows employees to take a paid career break 
and use their skills and experience on social projects.  
It currently operates in 19 countries.

• You can find interesting mobile data usage forecasts in the 
Cisco Visual Networking Index at www.cisco.com.
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in the wireless communications 
technologies Industry who is 
seen as the ‘father of the cell 
phone’. He developed the first 
handheld mobile phone during 
the 1970s, the Motorola 
DynaTAC. Up to that, mobiles 
were so heavy that they were 
only used in cars. Even so, his 
mobile was 9 inches long and weighed 2.5 pounds. He is also said 
to be the first person in history to make a handheld public mobile 
phone call. He is a prolific inventor with many patents to his name.

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

• Outline how a mobile call is set up
• Discuss the evolution of the mobile generations (1G - 4G)
• Describe the function of a mobile network
• Identify areas in which mobile technologies have had significant 

impact on society
• Discuss the probable future evolution of mobile technology
• Outline the role and activities of Vodafone.

General Learning Points 
These are additional relevant points which are used to extend 
knowledge and facilitate discussion.

• The mobile phone is a computer so, like all computers, it needs 
an Operating System (OS) The most widely used mobile OS is 
Android which is owned by Google and holds over 80% of the 
market. The second largest share is served by iOS owned by 
Apple and the third by Windows Phone from Microsoft.  
There are many others also, but they are used by relatively 
small numbers.

• When the European standards for 2G were being developed 
during the 1980s, the engineers included a text capability. 
Having analysed various message lengths they decided that 
160 characters would be sufficient. This became known as SMS 
(Short Message Service). The first SMS message was sent over 
the Vodafone network in the UK in December 1992; the 
message was ‘Merry Christmas’.

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

antenna, anywhere/anytime, base station, bits per second (bps), 
bytes per second (Bps), bring your own device (BYOD), cell, cell 
phone, compression, connectivity, handover, mHealth, machine-to- 
machine (M2M), microwaves, mobile network, mobile technology, 
Mobile for Good, Mobile Telephone Switching Office (MTSO), 
mobility, radio waves, smartwatch, social networks, streaming, 
telecommunications network, the cloud, wearable mobile devices.

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

• The impact of innovation does not 
behave linearly but is often characterised 
by a series of stops and starts called ‘inflection points’. Mobile 
technology is an example. Sales of mobiles were relatively slow 
early in the 2G era but then exploded. Early text messaging was 
considered to be a novelty. No analyst or marketer forecast the 
incredible later growth of text messaging. 

• The first mobiles able to send email and use the web became 
available in April 1999. (www.phonehistory).

• A notable mHealth project is ‘SMS for Life’ in Tanzania, where 
Vodafone (in partnership with the pharmaceutical company 
Novartis) have provided a service that allows thousands of 
health centres renew their stock levels of anti-malaria 
medications by text messaging. 

• Infact, mobile phone operators such as Vodafone no longer 
provide only phone services to their business customers.  
They also advise businesses on the best ways to use the 
technology and assist them in organising and managing the 
mobile work place. 

 

Student Activities
These activities are suitable for group work.

1. The area served by a mobile mast is generally referred to as  
a cell. The masts (and cells) are often arranged in a hexagonal 
pattern rather than a square one and the typical range is about 
50 km in open country and less in cities. 
Sketch the two arrangements and find which arrangement is 
most efficient (assuming ideal conditions).

2. Outline the advantages and disadvantages of the use of mobile 
devices in school.  
Are there specific ways in which smartphones can contribute to 
science education?

3. Using the following list of words (and any others you consider 
relevant) construct a concept map to show how the words relate 
to mobile phone technology: 
bandwidth, base station, camera, cell phone, charger, digital 
camera, electromagnetic wave, frequency, Internet, locked, 
MHz, microwave, power, radio wave, range, receiver, 
smartphone, switching / routing, transmission rate, transceiver, 
wavelength, wireless. 
(The diagram below may be used as a starting point.)

Examination Questions 
Leaving Certificate Physics (HL) 2010, Q. 11 (part)

“ 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 absorbed energy in watts per kilogram.

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

(d)  Why are radio frequency waves not very penetrating? 
(e)  A mobile phone converts the received radio frequency waves to 

sound waves. What are the audible frequency limits for sound 
waves? 

(f)  Give two safety precautions you should take when using a 
mobile phone. 

(g)  If a mobile phone transmits at 1200 MHz from its antenna, 
calculate the length of its antenna, which is one quarter of the 
wavelength that it transmits.

(h)  Name an electromagnetic wave which may induce cancer. 
Justify your answer. 
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