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Introduction 

Over the past twenty five years, the mobile phone has 

evolved into a multi-function communications, media 

and internet device. Common functions today include 

the ability to store and play music, receive radio 

broadcasts, take digital photographs, check email and 

browse the web. Some phones incorporate satellite 

navigation systems.  

In this lesson, we will look at some of the physical 

principles underlying the operation of today’s mobile 

phones. We will then see how the change from analogue 

signals to digital data facilitated convergence of 

technologies.  

 

Early Development of 

Telecommunications 
In 1800, Alessandro Volta invented the battery and it quickly 

became a sensation. However, the magnetic effect of an electric 
current was not discovered until 1820. By 1840, a number of long-

distance wired communications systems were in use. Distant 

electromagnets were switched on and off following a pattern of 

digital codes that represented letters of the alphabet. Wired 

transmission of analogue signals (voice or music) by wire was not 

achieved until the 1870s. In 1887, Heinrich Hertz demonstrated the 

propagation of signals over a distance without wires and within a 

few years these Hertzian waves (radio waves) were used for 

telecommunication. Initially, the transmissions were digital (using 
Morse code). In 1906, the first wireless transmission of analogue 

signals was achieved. Today the trend is from analogue 

technologies to digital. 

Solid State Electronics 
Prior to 1950, mobile media and communications technologies 
(radio and telephone) were largely confined to motor vehicle use. 

The invention of the transistor around 1950 and its application in 

electronics brought about a dramatic reduction in the physical size 

and power requirements of electronic equipment. In the 1960s, 

transistor radios were mass produced and were more affordable as 
they cost about a week’s wages. Portable tape recorders also 

arrived, enabling people to make their own recordings. A cassette 

tape could hold about thirty audio tracks. These were analogue 

technologies. Cell phones, as we know them today, were not 
produced until the 1980s. 

Personal Computers 
The first personal computers arrived in the late 1970s. They cost 

about a month’s wages and ran at one megahertz (1 MHz). 

Typically, they had less than one twentieth of a megabyte of 
memory. Disk drives cost extra.  

Mobile Phones 
In the mid 1980s, cellular phone networks were established, 

facilitating the use of low power mobile phones. The phones could 

transmit and receive radio frequency signals. Each ‘cell’ had an 

aerial (usually on a mast) and could pick up the signals from 

phones in the area (i.e. within the ‘cell’) and relay them to the cell in 

which the other caller was, or to a landline. Systems were devised 

to enable one cell to ‘hand over’ a call to another cell if the mobile 
phone moved into that area. These early mobile phones used 

mainly analogue signals. 

Digital Music 
The development of music CDs (Compact Discs) in the early 1980s 

was a major step in the move from analogue to digital media. The 
sound quality was excellent and did not deteriorate with time as 

happened with analogue recordings on vinyl discs or cassette 

tapes.  

Digital Data 
During the 1990s, personal and home computers became more 
affordable, more common and more capable. New methods were 

devised to digitise sound, pictures and movies. These generally 

involved some algorithm (a kind of mathematical rule) to enable the 

data to be compressed. For example, a picture having 1000 × 

1000 dots, with each dot having one of 256 possible values (e.g. of 

brightness or colour) would take exactly one million bytes. The 

compressed file might be only 10% of that. The compression 

algorithms had to work in reverse so that compressed files could 

be decompressed to regenerate the original data.  

Digital Cameras and Camcorders 
In 1995, DV (digital video) camcorders were launched and a 

compact format called mini DV quickly became the most popular 

video recording system. There followed a demand for user-friendly 

computer software for video editing. In the late 1990s, digital still 
cameras were still much less common than cameras using 

photographic film, mainly because they generally did not match the 

resolution of the older technology. That began to change with the 

arrival of megapixel cameras. 

2G and 3G Mobiles 
The launch in 1991 of 2G (Second Generation) mobile phones 

marked the beginning of the move to digital mobile phones. The 

2G system could support more users and the calls were encrypted 

so that calls could not be picked up by radio receivers. Second 

Generation phones also introduced SMS (text messaging). 

From 2003, 3G phone systems could support high speed data 

transmission. Mobile phones could then be used to send digital 

files of all kinds (text, images, video) and could access wireless 
internet services. Integration of additional hardware such as MP3 

players, radio, television, digital video, Bluetooth, WiFi, AGPS 

(Assisted Global Positioning System) increased versatility. Support 

for third party software applications such as maps (linked to AGPS), 
navigation, traffic information, location of local shops etc. opened 

the way for a wide variety of new applications. The miniaturisation 

of memory cards provided greater scope for recording music and 

video. 

Market Penetration 
In the OECD countries mobile phone penetration rose from about 

1% in 1990 to about 26% in 2000 and it is now near 100%. Mobile 

phone penetration in Ireland is currently over 120%. Obviously, 

many people have more than one mobile phone. 



 

 

Convergence 
Pocket radios, Walkman tape recorders and CD players were the 

fashionable objects of their day. However, they were generally just 

single-function devices. Even today, many functionally similar items 

such as radios, MP3 players and digital cameras are sold as 

discrete devices. Now all that functionality and more is available in 

a single device. Using today’s multi-function mobile phone, such as 

the Nokia N97, you can not make standard telephone calls but also 

use a wide range of other functions. You can listen to or record 
music, record/view videos, find your way using AGPS, take 

photographs, send text messages, send emails with attachments, 

update your personal webspace, check your bank account, 

transfer funds, book flights, link to other devices using Bluetooth 

and print messages wirelessly.  

 

 

Nokia 
Nokia Corporation is the world’s number one manufacturer of 

mobile devices by market share and a leader in the converging 

internet and communications industries. 

The company is headquartered in Finland and is listed on the 

Helsinki, Frankfurt, and New York stock exchanges. 

The Nokia Research Center is the company’s research unit. Some 
500 researchers, engineers and scientists work at locations in 

seven countries: Finland, China, India, Kenya, Switzerland, the 

United Kingdom and the United States. The company also owns 

the Nokia Institute of Technology, an R&D institute which is 

located in Brazil.  

Nokia manufactures its products at fifteen facilities located at 

Espoo, Oulu and Salo, Finland; Manaus, Brazil; Beijing, Dongguan 
and Suzhou, China; Farnborough, England; Komárom, Hungary; 

Chennai, India; Reynosa, Mexico; Jucu, Romania and Masan, 

South Korea. Nokia’s Design Department is located in Finland. 

In 2006, Nokia and Siemens created a joint venture company 
called Nokia Siemens Networks which operates in around 200 

countries worldwide, and with about 60,000 employees.  

Nokia Ireland Limited is an Irish company. 

Nokia’s latest service innovation integrates many current 

communication technologies in a service gateway called Ovi. 

Ovi delivers the following services:  

games 

maps  

media 

messaging 

music. 

 

More information can be found on www.ovi.com. 

You can find this, and other lessons, on www.sta.ie. 

 

You can find out more about the work of Nokia on  

www.nokia.ie and www . 
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Teaching Notes 

Syllabus References 

The relevant syllabus references are: 

Leaving Certificate Physics 

Mechanics (p. 25-27) 

Circular satellite orbits 

Power, efficiency 

Waves (p. 30-31) Light (p. 32-33) 

Properties of waves; c = fλ; Resonance; Sound 

Total internal reflection; Colours 

Electricity (p. 34-38) 

Electromagnetic spectrum 

Electromagnetic induction 

Learning Outcomes 

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

• Understand the basic physical principles underlying 

telecommunications 

• Understand the difference between analogue signals to digital 

data 

• Appreciate that the development of telecommunications 

systems is an incremental process; progress is made in a 

series of steps but the overall change can be dramatic 

• Outline the main steps involved in the evolution of mobile 

communications technology 

• Appreciate that the miniaturisation of electronic components 

made consumer equipment more powerful and more 

affordable 

• Appreciate the significance of the move from analogue signals 

to digital data in the integration of functions 

• Appreciate the significance of data compression. 

 

General Learning Points 

The following information can be used to revise the lesson’s main 

learning points and inform discussion. 

• Early wired telecommunications systems used Morse code; 

messages were spelled out as a series of short and long 

pulses. 

• In 1887 Heinrich Hertz demonstrated the propagation of signals 

over a distance without wires. 

• The early wireless telecommunication systems using Morse 

code were developed by Marconi, were based on Hertz’s work. 

• The invention of the transistor revolutionised electronics from 

the 1950s onwards. 

5. With progressive miniaturisation of electronic components 

consumer equipment became smaller and more versatile.  

6. Different technologies generally developed independently until 

the 1990s when media began to switch to digital forms. This 

made real integration possible. 
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Exercises 

Investigation 

This exercise is very suitable for a class group. Students might 

work singly or in pairs. In the case of one of the following physics 

topics investigate its application in portable devices such as mobile 

phones. 

 Topic  Application 

1. Newton’s laws of motion; F = ma Accelerometer 

2. Circular motion Vibration alert 

3. Circular satellite orbits Satellite Navigation 

4. Properties of waves; c = fλ Microwaves 

5. Sound levels; decibels Ear protection 

6. Light, colour Colour screens (RGB, LCD) 

7. Electromagnetic induction NFC (Near Field Communication) 

8. Sources of emf Batteries 

9. Diode, transistor, logic gates Integrated circuits 

True/False Questions 

a) Digital signals require computers. T F 

b) Heinrich Hertz was the first to demonstrate radio  

transmission. T F 

c) The word ‘telecommunication’ means ‘communication  

over a distance’. T F 

d) The invention of the transistor brought about a dramatic  

reduction in the size of electronic equipment. T F 

e) A digitised sound could be written as a series of numbers. T  F 

f) First generation mobile phone conversations were  

encrypted. T F 

g) SMS (text messaging) is possible only with 3G phones. T F 

h) 3G phones can access files on computer networks. T F 

i) Messages are encrypted to make phone conversations  

and data transmission more secure. T F 

j) There are more mobile phone than people in Ireland. T F 

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

Examination Questions 

Leaving Certificate Physics, HL, 2008 

6. State Newton’s law of universal gravitation. 

 The International Space Station (ISS) moves in a circular orbit 

around the equator at a height of 400 km. What type of force is 

required to keep the ISS in orbit? What is the direction of this 

force? Calculate the acceleration due to gravity at a point 400 

km above the surface of the earth. 

 An astronaut in the ISS appears weightless. Explain why.  

 Derive the relationship between the period of the ISS, the radius 

of its orbit and the mass of the earth. Calculate the period of an 

orbit of the ISS. After an orbit, the ISS will be above a different 

point on the earth’s surface. Explain why. 

 How many times does an astronaut on the ISS see the sun rise 

in a 24 hour period?  

 (gravitational constant = 6.6 × 10-11 N m2 kg-2; mass of the 

earth = 6.0 × 1024 kg; radius of the earth = 6.4 × 106 m) 

10 (b) The transistor was one of the most important inventions of 

the twentieth century. 

 Draw the basic structure of a bi-polar transistor. Name the three 

currents flowing in a transistor:  

 State the relationship between them. 

  The diagram shows the circuit of a voltage amplifier. 

 

 What is the purpose of: 

 (i) the bias resistor; 

 (ii) the load resistor? 

 A varying voltage is applied to the amplifier. Draw a sketch of 

the input and output voltages, using the same axes and scales.  

 A NOT gate is a voltage inverter. Draw a circuit diagram to 

show how a transistor can be used as a voltage inverter. 

 Give the truth table of a NOT gate. 

 

 



 

 

Did You Know? 

Digital and analogue 

Early media and communications technologies used digital signals 

and later changed over to analogue signals: 

• Telegraph (digital) around1832 to telephone (analogue) around 

1876. 

• Wireless, using Morse code (digital) to radio transmission of 

voice (analogue) around 1906. 

In more recent times the evolution is generally from analogue to 

digital: 

• Radio – analogue (from 1906) to digital (1990s). 

• Television – analogue (from 1929) to digital (1990s). 

• Audio recording (from 1880s) to digital (1970s). 

• Video recorder – analogue (ca. 1970) to digital (1990s). 

• Camcorder – analogue (1980s) to digital (1990s). 

• Satellite TV – analogue (1970s) to digital (1990s). 

• Mobile phones – analogue (ca. 1983) to digital (1990s). 

Biographical Notes 

Guglielmo Marconi (1874 –1937) 

Guglielmo Marconi was born in Italy. His father was Italian and his 

mother, Annie Jameson, was Irish; her grandfather was the founder 

of the Jameson Whiskey distillery. From his youth Marconi was 

interested in science, especially electromagnetism. When Hertz 

died in 1894 his demonstration of the propagation of radio waves 

(in 1888) received some publicity. Marconi was fascinated and 

began his own attempts to produce a practical communication 

system between places that were not linked by wires; his goal was 

a ‘wireless’ system.  

He conducted demonstrations in many places including 

Ballycastle, Co. Antrim to Rathlin Island (ca. 10 km) and across the 

English Channel (ca. 35 km). 

In 1901 he set up a transmitter at Rosslare Strand, Co. Wexford, 

Clifden in Co. Galway and Poldhu in Cornwall. Marconi’s system, 

which used Morse code, ensured the survival of 706 of the 2223 on 

board the Titanic in 1912. 

A regular transatlantic radio-telegraph service was established in 

1907 between Clifden and Glace Bay, Canada. For his efforts was 

awarded the Nobel Prize for Physics in 1909. 

Revise The Terms 

Can you recall the meaning of the following terms? Reviewing 

terminology is a powerful aid to recall and retention. 

aerial, AGPS, algorithm, analogue signal, battery, Bluetooth, byte, 

camcorders, cassette tape, cellular, communications, compress, 

convergence, digital code, digitise, discrete, electric current, 

electromagnet, email, encrypted, Internet, landline, magnetic effect, 

mast, media, megabyte, megahertz, memory, mini DV, MP3, 

satellite navigation systems, QWERTY, SMS, software, solid state, 

tape recorders, telecommunication, third party, transistor, Web, 

WiFi . 

Check the Glossary of Terms for this lesson on 

www.sta.ie. 


