
About DSL

DSL allows the use of copper telephone wires to be used for 
broadband. There are various forms of Digital Subscriber Line. The 
most common one, used by eircom to deliver broadband, is ADSL 
(Asymmetric DSL). It is asymmetric because the bandwidth in the 
upstream direction (from the user to the Internet) and the downstream 
direction (from the Internet to the user) are not identical. This is 
because requests to the Internet are small fi les compared to the fi les 
downloaded to the user.

Rate Adaptive DSL (RADSL) is a technology used by eircom to 
automatically adjust the speed to the quality of the telephone 
line. This feature allows broadband to be delivered over longer 
distances. 

What is the Internet?

The Internet is a worldwide computer network, or more 
accurately a network of networks, which can be accessed 
from business and home computers and even from mobile 
phones. Users can communicate with one another using 
services such as e-mail, or can retrieve information (data) 
from other remote host computers. The ‘information’ – which 
can be text, music, photographs, a movie, animation, an on-
line game or other computer programme – is downloaded to 
the user’s computer in the form of a digital fi le. The user’s 
computer is known as the client and the host computer is 
called the server. 

So the Internet, made up of thousands of networks and millions of 
computers offers: 

• an infrastructure on which services such as email can run,  and

•  an incredibly vast store of information; for example, the word 
broadband entered in a search engine brings up some 400 million 
references.

Strictly speaking the term ‘Internet’ refers to the physical infrastructure. 
The collection of web pages on the various computers is the worldwide 
web, often simply called the web. It is literally a web of information 
because the documents are hyperlinked together.  The thousands of 
computers that make up the Internet are connected by many different 
types of communication links – cable, microwave and optical fi bres. 

eircom communities start here

eircom is Ireland’s leading communications provider. Its 
principal activities include local and national fi xed and mobile 
telecommunications, in addition to the provision of network, 
broadband and Internet products and services. 

eircom’s key priority is to ensure that the benefi ts of broadband 
are available to all. eircom continues to lead the way in broadband 
and is on track to meet their target of 500, 000 customers by 2007. 
This rollout is part of an annual €200 million investment in the 
network. Research and development is key to its success.

eircom values the commitment of its 7200 employees and strives 
to improve their working lives, by providing a range of fl exible 
working options, development and training opportunities, and 
more importantly listening to what employees have to say and 
building on that feedback.

For many years eircom has been committed to supporting 
communities at all levels, through the provision of crucial services 
and sponsoring programmes such as Special Olympics Ireland, 
International Soccer, the Ireland Funds and numerous supports 
for education. eircom is a member of Junior Achievement Ireland 
and the National Parents Council, which both provide support to 
students throughout the country. 

eircom’s work in the community and the partnerships they have 
built are very important to how they do business today. 

For further information on eircom and the people that 
work there visit www.eircom.ie or www.sta.ie 

With dial-up, the user makes a phone call to the eircom computer and 
the phone line is used to transmit and receive data. Many home users 
and small businesses connect with dial-up because they can make use 
of an existing telephone line. DSL means Digital Subscriber Line and is a 
technology which also uses the telephone line but provides a broadband 
channel which is permanently connected to eircom. This is called an 
always-on connection. DSL also allows the simultaneous use of the line 
for ordinary telephone calls. Users can also connect by wireless if their 
computers are equipped with a wireless card and a WiFi or alternative 
service is available in the area.

Computer data is digital

What is broadband?
To understand what is meant by ‘broadband’ it is necessary to be familiar 
with the term bandwidth. Bandwidth is a measure of the capacity of a 
channel to transmit data. In analogue terms the bandwidth of a channel 
is the difference between the upper and lower limits of frequency that the 
channel can transmit. Frequency is measured in hertz (Hz). The traditional 
telephone system uses a bandwidth of about 4 kHz to transmit one voice 
signal. To turn this into a digital signal the analogue waveform is sampled 
8000 times per second and each sample is represented by an 8 bit 
code. This process produces 64,000 bits per second (bps). This value of
64 kbps, which is known to engineers simply as ‘64k’, is the fundamental 
building block of European telecommunication transmission systems. It 
will be noted that the broadband services provided by eircom are multiples 
of this fi gure (128k, 256k, 512k 1 Mbps, 2 Mbps, etc.). Strictly speaking, 
‘bandwidth’ is an analogue term, although it is now commonly used in the 
digital world. Alternatively, the term line speed is used when referring to 
the capacity of digital channels. Although defi nitions of broadband differ, 
it is common to apply the term to any bandwidth above 128kbps. 

What is the difference between 
bits and bytes?
The size of a computer fi le is expressed in bytes while bandwidth is 
expressed in bits per second. Therefore, a fi le of 128 kilobytes (kB) would 
take eight seconds to download across a 128 kbps line. Very large fi les 
are often compressed in order to transmit them as quickly a possible. For 
example, full-screen live TV requires at least 10 million bits per second 
of data (say 200 x 300 pixels using 7-bit analogue-to-digital conversion 
and 24 frames per second) and so cannot be transmitted effectively, even 
using broadband. However by making the fi le smaller with compression 
techniques viewable video data can be sent on broadband. 

How is data sent across the Internet?
Data to be sent over the Internet is divided into blocks or packets of 
2048 characters. Each packet contains information about the source 
and destination of the packet as well as the position of the packet in 
the complete message. In this way, data packets can be transmitted via 
different routes to the fi nal destination where the packets are reassembled 
in the correct order to form the original fi le. This is the key to the effi ciency 
of the internet protocol (IP) which, among other things, defi nes the address 
of all computers attached to the Internet.

How do I access the Internet?

Users are generally connected to the Internet by an Internet Service 
Provider (ISP). ISPs are organisations authorised to connect customers to 
the Internet.  eircom is the largest ISP in Ireland. To connect to the Internet 
via eircom your computer must fi rst connect to eircom’s server. There are 
two common ways of doing this, namely dial-up and DSL.

Fig.1   Optical fi bres: These fi bres are used for transmitting 
sound and images as coded light pulses 
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Fig.3  A wireless router

It should be noted that 
computer data is always digital 
but telephone lines were 
designed to carry analogue 
information (voice). Therefore 
it is necessary to use a special 
device to modulate analogue 
signals to represent the digital 
data. A simple form uses two 
notes – one to represent a ‘1’ 
and another to represent a ‘0’. 
A device called a demodulator 
at the receiving end converts 
the notes back to digital data.  
Because the communication is 
generally in both directions a 
modulator and a demodulator 
are needed at each end. This 
combined device is called 
a modem. This term comes 
from the combination of 
the two words modulator/
demodulator. In the DSL case 
a single device combines 
the functions of a modem and 
a router.
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What is an Internet address?
Every computer on the Internet is identifi ed by its own IP address. 
The address is a string of four numbers separated by periods such as 
111.22.33.444. These numbers are translated into a domain name such as 
eircom.ie which is much easier for people to remember. This translation is 
done by computers called a domain name servers (DNS). The address for 
individual web pages is known as a Uniform Resource Locator (URL). For 
example, the URL for breaking news on eircom’s website is http://home.
eircom.net/news/breaking/
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computers that make up the Internet are connected by many different 
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eircom communities start here

eircom is Ireland’s leading communications provider. Its 
principal activities include local and national fi xed and mobile 
telecommunications, in addition to the provision of network, 
broadband and Internet products and services. 

eircom’s key priority is to ensure that the benefi ts of broadband 
are available to all. eircom continues to lead the way in broadband 
and is on track to meet their target of 500, 000 customers by 2007. 
This rollout is part of an annual €200 million investment in the 
network. Research and development is key to its success.

eircom values the commitment of its 7200 employees and strives 
to improve their working lives, by providing a range of fl exible 
working options, development and training opportunities, and 
more importantly listening to what employees have to say and 
building on that feedback.

For many years eircom has been committed to supporting 
communities at all levels, through the provision of crucial services 
and sponsoring programmes such as Special Olympics Ireland, 
International Soccer, the Ireland Funds and numerous supports 
for education. eircom is a member of Junior Achievement Ireland 
and the National Parents Council, which both provide support to 
students throughout the country. 

eircom’s work in the community and the partnerships they have 
built are very important to how they do business today. 

For further information on eircom and the people that 
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example, full-screen live TV requires at least 10 million bits per second 
of data (say 200 x 300 pixels using 7-bit analogue-to-digital conversion 
and 24 frames per second) and so cannot be transmitted effectively, even 
using broadband. However by making the fi le smaller with compression 
techniques viewable video data can be sent on broadband. 

How is data sent across the Internet?
Data to be sent over the Internet is divided into blocks or packets of 
2048 characters. Each packet contains information about the source 
and destination of the packet as well as the position of the packet in 
the complete message. In this way, data packets can be transmitted via 
different routes to the fi nal destination where the packets are reassembled 
in the correct order to form the original fi le. This is the key to the effi ciency 
of the internet protocol (IP) which, among other things, defi nes the address 
of all computers attached to the Internet.

How do I access the Internet?

Users are generally connected to the Internet by an Internet Service 
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Fig.3  A wireless router
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Fig.3  A wireless router
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digital world. Alternatively, the term line speed is used when referring to 
the capacity of digital channels. Although defi nitions of broadband differ, 
it is common to apply the term to any bandwidth above 128kbps. 

What is the difference between 
bits and bytes?
The size of a computer fi le is expressed in bytes while bandwidth is 
expressed in bits per second. Therefore, a fi le of 128 kilobytes (kB) would 
take eight seconds to download across a 128 kbps line. Very large fi les 
are often compressed in order to transmit them as quickly a possible. For 
example, full-screen live TV requires at least 10 million bits per second 
of data (say 200 x 300 pixels using 7-bit analogue-to-digital conversion 
and 24 frames per second) and so cannot be transmitted effectively, even 
using broadband. However by making the fi le smaller with compression 
techniques viewable video data can be sent on broadband. 

How is data sent across the Internet?
Data to be sent over the Internet is divided into blocks or packets of 
2048 characters. Each packet contains information about the source 
and destination of the packet as well as the position of the packet in 
the complete message. In this way, data packets can be transmitted via 
different routes to the fi nal destination where the packets are reassembled 
in the correct order to form the original fi le. This is the key to the effi ciency 
of the internet protocol (IP) which, among other things, defi nes the address 
of all computers attached to the Internet.

How do I access the Internet?

Users are generally connected to the Internet by an Internet Service 
Provider (ISP). ISPs are organisations authorised to connect customers to 
the Internet.  eircom is the largest ISP in Ireland. To connect to the Internet 
via eircom your computer must fi rst connect to eircom’s server. There are 
two common ways of doing this, namely dial-up and DSL.

Fig.1   Optical fi bres: These fi bres are used for transmitting 
sound and images as coded light pulses 
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Fig.3  A wireless router

It should be noted that 
computer data is always digital 
but telephone lines were 
designed to carry analogue 
information (voice). Therefore 
it is necessary to use a special 
device to modulate analogue 
signals to represent the digital 
data. A simple form uses two 
notes – one to represent a ‘1’ 
and another to represent a ‘0’. 
A device called a demodulator 
at the receiving end converts 
the notes back to digital data.  
Because the communication is 
generally in both directions a 
modulator and a demodulator 
are needed at each end. This 
combined device is called 
a modem. This term comes 
from the combination of 
the two words modulator/
demodulator. In the DSL case 
a single device combines 
the functions of a modem and 
a router.
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Fig.2  The elements of internet 
communication 

What is an Internet address?
Every computer on the Internet is identifi ed by its own IP address. 
The address is a string of four numbers separated by periods such as 
111.22.33.444. These numbers are translated into a domain name such as 
eircom.ie which is much easier for people to remember. This translation is 
done by computers called a domain name servers (DNS). The address for 
individual web pages is known as a Uniform Resource Locator (URL). For 
example, the URL for breaking news on eircom’s website is http://home.
eircom.net/news/breaking/



About DSL

DSL allows the use of copper telephone wires to be used for 
broadband. There are various forms of Digital Subscriber Line. The 
most common one, used by eircom to deliver broadband, is ADSL 
(Asymmetric DSL). It is asymmetric because the bandwidth in the 
upstream direction (from the user to the Internet) and the downstream 
direction (from the Internet to the user) are not identical. This is 
because requests to the Internet are small fi les compared to the fi les 
downloaded to the user.

Rate Adaptive DSL (RADSL) is a technology used by eircom to 
automatically adjust the speed to the quality of the telephone 
line. This feature allows broadband to be delivered over longer 
distances. 

What is the Internet?

The Internet is a worldwide computer network, or more 
accurately a network of networks, which can be accessed 
from business and home computers and even from mobile 
phones. Users can communicate with one another using 
services such as e-mail, or can retrieve information (data) 
from other remote host computers. The ‘information’ – which 
can be text, music, photographs, a movie, animation, an on-
line game or other computer programme – is downloaded to 
the user’s computer in the form of a digital fi le. The user’s 
computer is known as the client and the host computer is 
called the server. 

So the Internet, made up of thousands of networks and millions of 
computers offers: 

• an infrastructure on which services such as email can run,  and

•  an incredibly vast store of information; for example, the word 
broadband entered in a search engine brings up some 400 million 
references.

Strictly speaking the term ‘Internet’ refers to the physical infrastructure. 
The collection of web pages on the various computers is the worldwide 
web, often simply called the web. It is literally a web of information 
because the documents are hyperlinked together.  The thousands of 
computers that make up the Internet are connected by many different 
types of communication links – cable, microwave and optical fi bres. 

eircom communities start here

eircom is Ireland’s leading communications provider. Its 
principal activities include local and national fi xed and mobile 
telecommunications, in addition to the provision of network, 
broadband and Internet products and services. 

eircom’s key priority is to ensure that the benefi ts of broadband 
are available to all. eircom continues to lead the way in broadband 
and is on track to meet their target of 500, 000 customers by 2007. 
This rollout is part of an annual €200 million investment in the 
network. Research and development is key to its success.

eircom values the commitment of its 7200 employees and strives 
to improve their working lives, by providing a range of fl exible 
working options, development and training opportunities, and 
more importantly listening to what employees have to say and 
building on that feedback.

For many years eircom has been committed to supporting 
communities at all levels, through the provision of crucial services 
and sponsoring programmes such as Special Olympics Ireland, 
International Soccer, the Ireland Funds and numerous supports 
for education. eircom is a member of Junior Achievement Ireland 
and the National Parents Council, which both provide support to 
students throughout the country. 

eircom’s work in the community and the partnerships they have 
built are very important to how they do business today. 

For further information on eircom and the people that 
work there visit www.eircom.ie or www.sta.ie 

With dial-up, the user makes a phone call to the eircom computer and 
the phone line is used to transmit and receive data. Many home users 
and small businesses connect with dial-up because they can make use 
of an existing telephone line. DSL means Digital Subscriber Line and is a 
technology which also uses the telephone line but provides a broadband 
channel which is permanently connected to eircom. This is called an 
always-on connection. DSL also allows the simultaneous use of the line 
for ordinary telephone calls. Users can also connect by wireless if their 
computers are equipped with a wireless card and a WiFi or alternative 
service is available in the area.

Computer data is digital

What is broadband?
To understand what is meant by ‘broadband’ it is necessary to be familiar 
with the term bandwidth. Bandwidth is a measure of the capacity of a 
channel to transmit data. In analogue terms the bandwidth of a channel 
is the difference between the upper and lower limits of frequency that the 
channel can transmit. Frequency is measured in hertz (Hz). The traditional 
telephone system uses a bandwidth of about 4 kHz to transmit one voice 
signal. To turn this into a digital signal the analogue waveform is sampled 
8000 times per second and each sample is represented by an 8 bit 
code. This process produces 64,000 bits per second (bps). This value of
64 kbps, which is known to engineers simply as ‘64k’, is the fundamental 
building block of European telecommunication transmission systems. It 
will be noted that the broadband services provided by eircom are multiples 
of this fi gure (128k, 256k, 512k 1 Mbps, 2 Mbps, etc.). Strictly speaking, 
‘bandwidth’ is an analogue term, although it is now commonly used in the 
digital world. Alternatively, the term line speed is used when referring to 
the capacity of digital channels. Although defi nitions of broadband differ, 
it is common to apply the term to any bandwidth above 128kbps. 

What is the difference between 
bits and bytes?
The size of a computer fi le is expressed in bytes while bandwidth is 
expressed in bits per second. Therefore, a fi le of 128 kilobytes (kB) would 
take eight seconds to download across a 128 kbps line. Very large fi les 
are often compressed in order to transmit them as quickly a possible. For 
example, full-screen live TV requires at least 10 million bits per second 
of data (say 200 x 300 pixels using 7-bit analogue-to-digital conversion 
and 24 frames per second) and so cannot be transmitted effectively, even 
using broadband. However by making the fi le smaller with compression 
techniques viewable video data can be sent on broadband. 

How is data sent across the Internet?
Data to be sent over the Internet is divided into blocks or packets of 
2048 characters. Each packet contains information about the source 
and destination of the packet as well as the position of the packet in 
the complete message. In this way, data packets can be transmitted via 
different routes to the fi nal destination where the packets are reassembled 
in the correct order to form the original fi le. This is the key to the effi ciency 
of the internet protocol (IP) which, among other things, defi nes the address 
of all computers attached to the Internet.

How do I access the Internet?

Users are generally connected to the Internet by an Internet Service 
Provider (ISP). ISPs are organisations authorised to connect customers to 
the Internet.  eircom is the largest ISP in Ireland. To connect to the Internet 
via eircom your computer must fi rst connect to eircom’s server. There are 
two common ways of doing this, namely dial-up and DSL.

Fig.1   Optical fi bres: These fi bres are used for transmitting 
sound and images as coded light pulses 
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Fig.3  A wireless router

It should be noted that 
computer data is always digital 
but telephone lines were 
designed to carry analogue 
information (voice). Therefore 
it is necessary to use a special 
device to modulate analogue 
signals to represent the digital 
data. A simple form uses two 
notes – one to represent a ‘1’ 
and another to represent a ‘0’. 
A device called a demodulator 
at the receiving end converts 
the notes back to digital data.  
Because the communication is 
generally in both directions a 
modulator and a demodulator 
are needed at each end. This 
combined device is called 
a modem. This term comes 
from the combination of 
the two words modulator/
demodulator. In the DSL case 
a single device combines 
the functions of a modem and 
a router.
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Fig.2  The elements of internet 
communication 

What is an Internet address?
Every computer on the Internet is identifi ed by its own IP address. 
The address is a string of four numbers separated by periods such as 
111.22.33.444. These numbers are translated into a domain name such as 
eircom.ie which is much easier for people to remember. This translation is 
done by computers called a domain name servers (DNS). The address for 
individual web pages is known as a Uniform Resource Locator (URL). For 
example, the URL for breaking news on eircom’s website is http://home.
eircom.net/news/breaking/

Syllabus Reference

Leaving Certifi cate Technology
Computer Architecture
Data Communications and Computer Networks

Leaving Certifi cate Physics
Waves
Vibrations and sound
The electromagnetic spectrum
Electricity and electromagnetism

Learning Objectives

 On completion of this lesson students should:

• Understand what is meant by bandwidth
•  Know that normal telephone speech has a bandwidth of 64 kbits 

per second
•  Know that broadband generally refers to bandwidths or 256 kbits 

per second or higher
•  Understand that data that is sent over the Internet is divided into blocks 

or  packets; the packets may travel different routes but on arrival at the 
destination they are reassembled to form the original data

•  Understand what is meant by DSL, ISP, URL, domain name, 
server, client

• Understand the basic function of a modem
•  Understand that data can be sent by cable, by radio (wireless) or by 

optical fi bre.

General Learning Points

•  Text, pictures or music, can be downloaded to the user’s computer 
in the form of a digital fi le. Because the data is coded, the receiving 
computer must be enabled to decode the information in order to 
reconstruct the original text, music etc.

•  The user’s computer is known as the client and the host computer is 
called the server. 

•  The frequency range of human hearing is about 16 Hz to 16,000 Hz 
– a bandwidth of about 16 kHz. However speech is  still intelligible 
when limited to a bandwidth of about 4 kHz (about 200 Hz to 4000 
Hz). Sampling this at 8 kHz, assuming 8-bit resolution, generates 
64,000 bits per second; this is the usual standard used for voice 
communication.

•  Broadband generally refers to line speeds of 256 kbits per second.

•  Text in documents and on a computer or on the internet can be 
hyperlinked with other documents or other web pages.  

and see how well it works. How might your system be used to facilitate 
communication between computers?

Draw a simple repeating wave shape with fi ve full waves. If the wave height 
is measured at 20 equally-spaced points, the resulting values could 
be used to reconstruct the original shape approximately. Try different 
numbers of measurements and estimate what is least number of such 
samples that might be used to reliably represent the original shape.

Download and examine the documentation for a basic router for domestic 
used. How many different functions can it carry out? What are the main 
differences between a modem and a router? 

Describe how the ASCII code differs from Morse code.

State two factors on which the natural frequency of a stretched string 
depends. 
A note of wavelength 1.4 m is produced from a stretched string. If the speed 
of sound in air is 340 m s-1, calculate the frequency of the note. (c = f λ)

2003 Leaving Certifi cate Physics Ordinary Level  
In an experiment to measure the speed of sound in air, a student found the 
frequency and the wavelength of a sound wave.
Draw a labelled diagram of the apparatus used in the experiment. 
Describe how the student found the wavelength of the sound wave. 
How did the student fi nd the frequency of the sound wave? 
How did the student calculate the speed of sound in air?
Give one precaution that the student took to get an accurate result. 

For further examples of past paper questions
check out www.sta.ie 

True or False

Indicate whether each of the following is true (T) or false (F) 
by drawing a circle around the T or F.

(a) The Internet is one large host computer that holds all web pages. T F
(b) When a user sends a fi le to the internet the process is
 called downloading.  T F
(c) When a user connects to the Internet, the user’s computer is
 called a client.  T F
(d) The Worldwide Web is another name for the Internet.  T F
(e) eircom is Ireland’s largest ISP.  T F
(f) DSL means Direct Subscriber Line.  T F
(g) ADSL provides different bandwidths in the 
 upstream and downstream directions.  T F
(h) Digital data is represented by binary codes.  T F
(i) The word modem comes from the two words 
 modulator and demodulator.  T F
(j) A byte is eight bits.  T F

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

Revise the Terms

Can you recall the meaning of these terms? Reviewing the 
terminology is a powerful aid for recall and retention. 

E-mail; host; downloaded; digital fi le; server; infrastructure; 
broadband; search engine; web pages; worldwide web; 
hyperlinked; cable; microwave; optical fi bres; ISP; dial-up; DSL;  
broadband; WiFi; analogue; modulate; demodulator; modem; 
router; line; speed; bytes; kilobytes; compressed; pixels; 
packets; characters;  fi le; internet protocol; (IP); IP address; 
domain name; domain name servers; DNS; URL; website; digital 
fi le; downloaded; electric potential; bandwidth;s narrowband; 
backbones; IP telephony; VoIP; browser; bit.

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

Did You Know?

•  The human ear can detect frequencies between 16 Hz and about
16 kHz. A human voice can produce frequencies between 100 and 
6000 Hz. However the traditional voice channel has a bandwidth of 
only 4 kHz; this is suffi cient to represent the human voice reasonably 
accurately. Nevertheless, it is true that someone’s voice can sound 
different on the phone because some frequencies are missing. A 
range of 20 Hz to 20 kHz is necessary for hi-fi  audio.

•  The unit of frequency, the hertz, is named after Heinrich Rudolf Hertz, 
the German physicist, who was the fi rst person to prove the existence 
of electromagnetic radiation. 

•  Although 64 kbps is the standard digital voice bandwidth, compression 
can reduce the requirements to 4 kbps. Many people would recognise 
that a 4kbps voice sounds signifi cantly different from the original.

•  The microphone inside a telephone converts sound energy into 
electrical energy. The electric potential (voltage) that it produces 
varies in size in the same way as the pressure of the original sound 
varies. Signals that vary in this way are analogue signals. 

•  Bandwidths that are too low to be considered broadband are known 
as narrowband.

•  The original Internet was a US Defence Department network called 
ARPANET (Advanced Research Projects Agency Network). It was 
created in 1969.

•  Standards and protocols for the Internet are produced by the World 
Wide Web Consortium (W3C)

•  Internet 2 is a high speed portion of the Internet used by universities 
and research companies.

•  The very high-capacity cables in the Internet are called backbones.

•  Phone calls can be made across the Internet. This is called IP telephony 
or VOIP (Voice Over Internet Protocol).

•  The programme you use to view fi les on the Internet is called a browser.

•  When you connect your computer to the Internet it is then part of the 
Internet with its own IP address.

•  The word bit comes from a compression of two words binary and digit.

•  There are only two binary digits, one and zero. In electrical transmission 
systems these are represented by different levels of voltage. In an 
optical system they are represented by the presence or absence of a 
pulse of light. In an ordinary telephone system they are represented by 
two different notes.

Biographical Notes

Heinrich Rudolf Hertz
Hertz was born in Hamburg, Germany in 1857. While he was at school he 
showed an aptitude for sciences as well as languages. Later he studied 
science and engineering and was a student of Kirchhoff and Helmholtz. 
He helped to demonstrate the photoelectric effect (which was later 
explained by others). He also demonstrated the reality of electromagnetic 
radiation.  Hertz did not realise that his discoveries would be so important. 
He is reported to have said: ‘It’s of no use whatsoever... this is just an 
experiment that proves Maestro Maxwell was right – we just have these 
mysterious electromagnetic waves that we cannot see with the naked eye, 
but they are there.’ He died in 1894 from blood poisoning. 

Tim Berners-Lee
Tim Berners-Lee  is the inventor of the World Wide Web and director of 
the World Wide Web Consortium, which oversees its development. He 
was born in 1955 in London. His parents were both mathematicians who 
worked together on the team that built one of the earliest computers, the 
Manchester Mark I. When he was at Oxford he built his own computer 
Later, while he was working at the European Organization for Nuclear 
Research (CERN) in 1980, he suggested a project based on the concept of 
hypertext, to help researchers share information. Later he applied the idea 
to the Internet and the result was the World Wide Web. He also designed 
the fi rst browser and the fi rst web server. It went online in August 1991.

Ray Tomlinson
Raymond Tomlinson, who was born 1941, is the computer programmer 
who invented email. He actually put the fi rst system into operation in 1971 
so that people working on ARPANET could send messages to one another. 
He chose the ‘@’ sign to be used in an email address because it indicated 
that the receiver was ‘at’ the address. He could have chosen any other 
symbol. He had graduated as an engineer from MIT and was working on 
ARPNET at the time. He does not mind that he is not a household name, 
in spite of the fact that millions of emails are sent every day. ‘No, it doesn’t 
bother me. It’s a geek thing. Computer nerds know that I’ve done this. I’ve 
got emails from individuals who’ve run across this fact. They say, ‘It’s great 
what you did.’ He says that the content of the fi rst email ever sent was 
‘something like QWERTYUIOP.’ 

Read more about other famous scientists at  www.sta.ie

Examination Questions

2006 Leaving Certifi cate Physics Higher Level 
Describe an experiment to demonstrate that sound is also a wave motion.
Sound travels as longitudinal waves while light travels as transverse 
waves. Explain the difference between longitudinal and transverse waves.

2004 Leaving Certifi cate Physics Ordinary Level  
Sound from a vibrating object can cause diffraction and interference.
Explain the underlined terms. 
Describe an experiment to demonstrate the interference of sound.
The diagram shows a stationary wave (standing wave) on a vibrating 
stretched string.

 

What is the name given to the points on the string marked (i) X, (ii) Y?
How many wavelengths are contained in the distance marked L? 

Activities

Practical Activities 

Devise a digital code (on/off code) that could be used to transmit a short 
text message electrically. Compare your design with that of others and 
combine your ideas to devise an improved system. Set up the system 

Y Y Y Y

X X X
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About DSL

DSL allows the use of copper telephone wires to be used for 
broadband. There are various forms of Digital Subscriber Line. The 
most common one, used by eircom to deliver broadband, is ADSL 
(Asymmetric DSL). It is asymmetric because the bandwidth in the 
upstream direction (from the user to the Internet) and the downstream 
direction (from the Internet to the user) are not identical. This is 
because requests to the Internet are small fi les compared to the fi les 
downloaded to the user.

Rate Adaptive DSL (RADSL) is a technology used by eircom to 
automatically adjust the speed to the quality of the telephone 
line. This feature allows broadband to be delivered over longer 
distances. 

What is the Internet?

The Internet is a worldwide computer network, or more 
accurately a network of networks, which can be accessed 
from business and home computers and even from mobile 
phones. Users can communicate with one another using 
services such as e-mail, or can retrieve information (data) 
from other remote host computers. The ‘information’ – which 
can be text, music, photographs, a movie, animation, an on-
line game or other computer programme – is downloaded to 
the user’s computer in the form of a digital fi le. The user’s 
computer is known as the client and the host computer is 
called the server. 

So the Internet, made up of thousands of networks and millions of 
computers offers: 

• an infrastructure on which services such as email can run,  and

•  an incredibly vast store of information; for example, the word 
broadband entered in a search engine brings up some 400 million 
references.

Strictly speaking the term ‘Internet’ refers to the physical infrastructure. 
The collection of web pages on the various computers is the worldwide 
web, often simply called the web. It is literally a web of information 
because the documents are hyperlinked together.  The thousands of 
computers that make up the Internet are connected by many different 
types of communication links – cable, microwave and optical fi bres. 

eircom communities start here

eircom is Ireland’s leading communications provider. Its 
principal activities include local and national fi xed and mobile 
telecommunications, in addition to the provision of network, 
broadband and Internet products and services. 

eircom’s key priority is to ensure that the benefi ts of broadband 
are available to all. eircom continues to lead the way in broadband 
and is on track to meet their target of 500, 000 customers by 2007. 
This rollout is part of an annual €200 million investment in the 
network. Research and development is key to its success.

eircom values the commitment of its 7200 employees and strives 
to improve their working lives, by providing a range of fl exible 
working options, development and training opportunities, and 
more importantly listening to what employees have to say and 
building on that feedback.

For many years eircom has been committed to supporting 
communities at all levels, through the provision of crucial services 
and sponsoring programmes such as Special Olympics Ireland, 
International Soccer, the Ireland Funds and numerous supports 
for education. eircom is a member of Junior Achievement Ireland 
and the National Parents Council, which both provide support to 
students throughout the country. 

eircom’s work in the community and the partnerships they have 
built are very important to how they do business today. 

For further information on eircom and the people that 
work there visit www.eircom.ie or www.sta.ie 

With dial-up, the user makes a phone call to the eircom computer and 
the phone line is used to transmit and receive data. Many home users 
and small businesses connect with dial-up because they can make use 
of an existing telephone line. DSL means Digital Subscriber Line and is a 
technology which also uses the telephone line but provides a broadband 
channel which is permanently connected to eircom. This is called an 
always-on connection. DSL also allows the simultaneous use of the line 
for ordinary telephone calls. Users can also connect by wireless if their 
computers are equipped with a wireless card and a WiFi or alternative 
service is available in the area.

Computer data is digital

What is broadband?
To understand what is meant by ‘broadband’ it is necessary to be familiar 
with the term bandwidth. Bandwidth is a measure of the capacity of a 
channel to transmit data. In analogue terms the bandwidth of a channel 
is the difference between the upper and lower limits of frequency that the 
channel can transmit. Frequency is measured in hertz (Hz). The traditional 
telephone system uses a bandwidth of about 4 kHz to transmit one voice 
signal. To turn this into a digital signal the analogue waveform is sampled 
8000 times per second and each sample is represented by an 8 bit 
code. This process produces 64,000 bits per second (bps). This value of
64 kbps, which is known to engineers simply as ‘64k’, is the fundamental 
building block of European telecommunication transmission systems. It 
will be noted that the broadband services provided by eircom are multiples 
of this fi gure (128k, 256k, 512k 1 Mbps, 2 Mbps, etc.). Strictly speaking, 
‘bandwidth’ is an analogue term, although it is now commonly used in the 
digital world. Alternatively, the term line speed is used when referring to 
the capacity of digital channels. Although defi nitions of broadband differ, 
it is common to apply the term to any bandwidth above 128kbps. 

What is the difference between 
bits and bytes?
The size of a computer fi le is expressed in bytes while bandwidth is 
expressed in bits per second. Therefore, a fi le of 128 kilobytes (kB) would 
take eight seconds to download across a 128 kbps line. Very large fi les 
are often compressed in order to transmit them as quickly a possible. For 
example, full-screen live TV requires at least 10 million bits per second 
of data (say 200 x 300 pixels using 7-bit analogue-to-digital conversion 
and 24 frames per second) and so cannot be transmitted effectively, even 
using broadband. However by making the fi le smaller with compression 
techniques viewable video data can be sent on broadband. 

How is data sent across the Internet?
Data to be sent over the Internet is divided into blocks or packets of 
2048 characters. Each packet contains information about the source 
and destination of the packet as well as the position of the packet in 
the complete message. In this way, data packets can be transmitted via 
different routes to the fi nal destination where the packets are reassembled 
in the correct order to form the original fi le. This is the key to the effi ciency 
of the internet protocol (IP) which, among other things, defi nes the address 
of all computers attached to the Internet.

How do I access the Internet?

Users are generally connected to the Internet by an Internet Service 
Provider (ISP). ISPs are organisations authorised to connect customers to 
the Internet.  eircom is the largest ISP in Ireland. To connect to the Internet 
via eircom your computer must fi rst connect to eircom’s server. There are 
two common ways of doing this, namely dial-up and DSL.

Fig.1   Optical fi bres: These fi bres are used for transmitting 
sound and images as coded light pulses 
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Fig.3  A wireless router

It should be noted that 
computer data is always digital 
but telephone lines were 
designed to carry analogue 
information (voice). Therefore 
it is necessary to use a special 
device to modulate analogue 
signals to represent the digital 
data. A simple form uses two 
notes – one to represent a ‘1’ 
and another to represent a ‘0’. 
A device called a demodulator 
at the receiving end converts 
the notes back to digital data.  
Because the communication is 
generally in both directions a 
modulator and a demodulator 
are needed at each end. This 
combined device is called 
a modem. This term comes 
from the combination of 
the two words modulator/
demodulator. In the DSL case 
a single device combines 
the functions of a modem and 
a router.

IP Privato
192.168.0.2
PC1 Client

Gateway Hub Switch

Router ISDN/ADSL

IP Privato 192.168.0.3
PC2 Client

IP Privato
192.168.0.4
PC3 Client

ISP

INTERNET

IP Privato 192.168.0.1

IP Pubblico 62.11.4.101

Fig.2  The elements of internet 
communication 

What is an Internet address?
Every computer on the Internet is identifi ed by its own IP address. 
The address is a string of four numbers separated by periods such as 
111.22.33.444. These numbers are translated into a domain name such as 
eircom.ie which is much easier for people to remember. This translation is 
done by computers called a domain name servers (DNS). The address for 
individual web pages is known as a Uniform Resource Locator (URL). For 
example, the URL for breaking news on eircom’s website is http://home.
eircom.net/news/breaking/

Syllabus Reference

Leaving Certifi cate Technology
Computer Architecture
Data Communications and Computer Networks

Leaving Certifi cate Physics
Waves
Vibrations and sound
The electromagnetic spectrum
Electricity and electromagnetism

Learning Objectives

 On completion of this lesson students should:

• Understand what is meant by bandwidth
•  Know that normal telephone speech has a bandwidth of 64 kbits 

per second
•  Know that broadband generally refers to bandwidths or 256 kbits 

per second or higher
•  Understand that data that is sent over the Internet is divided into blocks 

or  packets; the packets may travel different routes but on arrival at the 
destination they are reassembled to form the original data

•  Understand what is meant by DSL, ISP, URL, domain name, 
server, client

• Understand the basic function of a modem
•  Understand that data can be sent by cable, by radio (wireless) or by 

optical fi bre.

General Learning Points

•  Text, pictures or music, can be downloaded to the user’s computer 
in the form of a digital fi le. Because the data is coded, the receiving 
computer must be enabled to decode the information in order to 
reconstruct the original text, music etc.

•  The user’s computer is known as the client and the host computer is 
called the server. 

•  The frequency range of human hearing is about 16 Hz to 16,000 Hz 
– a bandwidth of about 16 kHz. However speech is  still intelligible 
when limited to a bandwidth of about 4 kHz (about 200 Hz to 4000 
Hz). Sampling this at 8 kHz, assuming 8-bit resolution, generates 
64,000 bits per second; this is the usual standard used for voice 
communication.

•  Broadband generally refers to line speeds of 256 kbits per second.

•  Text in documents and on a computer or on the internet can be 
hyperlinked with other documents or other web pages.  

and see how well it works. How might your system be used to facilitate 
communication between computers?

Draw a simple repeating wave shape with fi ve full waves. If the wave height 
is measured at 20 equally-spaced points, the resulting values could 
be used to reconstruct the original shape approximately. Try different 
numbers of measurements and estimate what is least number of such 
samples that might be used to reliably represent the original shape.

Download and examine the documentation for a basic router for domestic 
used. How many different functions can it carry out? What are the main 
differences between a modem and a router? 

Describe how the ASCII code differs from Morse code.

State two factors on which the natural frequency of a stretched string 
depends. 
A note of wavelength 1.4 m is produced from a stretched string. If the speed 
of sound in air is 340 m s-1, calculate the frequency of the note. (c = f λ)

2003 Leaving Certifi cate Physics Ordinary Level  
In an experiment to measure the speed of sound in air, a student found the 
frequency and the wavelength of a sound wave.
Draw a labelled diagram of the apparatus used in the experiment. 
Describe how the student found the wavelength of the sound wave. 
How did the student fi nd the frequency of the sound wave? 
How did the student calculate the speed of sound in air?
Give one precaution that the student took to get an accurate result. 

For further examples of past paper questions
check out www.sta.ie 

True or False

Indicate whether each of the following is true (T) or false (F) 
by drawing a circle around the T or F.

(a) The Internet is one large host computer that holds all web pages. T F
(b) When a user sends a fi le to the internet the process is
 called downloading.  T F
(c) When a user connects to the Internet, the user’s computer is
 called a client.  T F
(d) The Worldwide Web is another name for the Internet.  T F
(e) eircom is Ireland’s largest ISP.  T F
(f) DSL means Direct Subscriber Line.  T F
(g) ADSL provides different bandwidths in the 
 upstream and downstream directions.  T F
(h) Digital data is represented by binary codes.  T F
(i) The word modem comes from the two words 
 modulator and demodulator.  T F
(j) A byte is eight bits.  T F

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

Revise the Terms

Can you recall the meaning of these terms? Reviewing the 
terminology is a powerful aid for recall and retention. 

E-mail; host; downloaded; digital fi le; server; infrastructure; 
broadband; search engine; web pages; worldwide web; 
hyperlinked; cable; microwave; optical fi bres; ISP; dial-up; DSL;  
broadband; WiFi; analogue; modulate; demodulator; modem; 
router; line; speed; bytes; kilobytes; compressed; pixels; 
packets; characters;  fi le; internet protocol; (IP); IP address; 
domain name; domain name servers; DNS; URL; website; digital 
fi le; downloaded; electric potential; bandwidth;s narrowband; 
backbones; IP telephony; VoIP; browser; bit.

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

Did You Know?

•  The human ear can detect frequencies between 16 Hz and about
16 kHz. A human voice can produce frequencies between 100 and 
6000 Hz. However the traditional voice channel has a bandwidth of 
only 4 kHz; this is suffi cient to represent the human voice reasonably 
accurately. Nevertheless, it is true that someone’s voice can sound 
different on the phone because some frequencies are missing. A 
range of 20 Hz to 20 kHz is necessary for hi-fi  audio.

•  The unit of frequency, the hertz, is named after Heinrich Rudolf Hertz, 
the German physicist, who was the fi rst person to prove the existence 
of electromagnetic radiation. 

•  Although 64 kbps is the standard digital voice bandwidth, compression 
can reduce the requirements to 4 kbps. Many people would recognise 
that a 4kbps voice sounds signifi cantly different from the original.

•  The microphone inside a telephone converts sound energy into 
electrical energy. The electric potential (voltage) that it produces 
varies in size in the same way as the pressure of the original sound 
varies. Signals that vary in this way are analogue signals. 

•  Bandwidths that are too low to be considered broadband are known 
as narrowband.

•  The original Internet was a US Defence Department network called 
ARPANET (Advanced Research Projects Agency Network). It was 
created in 1969.

•  Standards and protocols for the Internet are produced by the World 
Wide Web Consortium (W3C)

•  Internet 2 is a high speed portion of the Internet used by universities 
and research companies.

•  The very high-capacity cables in the Internet are called backbones.

•  Phone calls can be made across the Internet. This is called IP telephony 
or VOIP (Voice Over Internet Protocol).

•  The programme you use to view fi les on the Internet is called a browser.

•  When you connect your computer to the Internet it is then part of the 
Internet with its own IP address.

•  The word bit comes from a compression of two words binary and digit.

•  There are only two binary digits, one and zero. In electrical transmission 
systems these are represented by different levels of voltage. In an 
optical system they are represented by the presence or absence of a 
pulse of light. In an ordinary telephone system they are represented by 
two different notes.

Biographical Notes

Heinrich Rudolf Hertz
Hertz was born in Hamburg, Germany in 1857. While he was at school he 
showed an aptitude for sciences as well as languages. Later he studied 
science and engineering and was a student of Kirchhoff and Helmholtz. 
He helped to demonstrate the photoelectric effect (which was later 
explained by others). He also demonstrated the reality of electromagnetic 
radiation.  Hertz did not realise that his discoveries would be so important. 
He is reported to have said: ‘It’s of no use whatsoever... this is just an 
experiment that proves Maestro Maxwell was right – we just have these 
mysterious electromagnetic waves that we cannot see with the naked eye, 
but they are there.’ He died in 1894 from blood poisoning. 

Tim Berners-Lee
Tim Berners-Lee  is the inventor of the World Wide Web and director of 
the World Wide Web Consortium, which oversees its development. He 
was born in 1955 in London. His parents were both mathematicians who 
worked together on the team that built one of the earliest computers, the 
Manchester Mark I. When he was at Oxford he built his own computer 
Later, while he was working at the European Organization for Nuclear 
Research (CERN) in 1980, he suggested a project based on the concept of 
hypertext, to help researchers share information. Later he applied the idea 
to the Internet and the result was the World Wide Web. He also designed 
the fi rst browser and the fi rst web server. It went online in August 1991.

Ray Tomlinson
Raymond Tomlinson, who was born 1941, is the computer programmer 
who invented email. He actually put the fi rst system into operation in 1971 
so that people working on ARPANET could send messages to one another. 
He chose the ‘@’ sign to be used in an email address because it indicated 
that the receiver was ‘at’ the address. He could have chosen any other 
symbol. He had graduated as an engineer from MIT and was working on 
ARPNET at the time. He does not mind that he is not a household name, 
in spite of the fact that millions of emails are sent every day. ‘No, it doesn’t 
bother me. It’s a geek thing. Computer nerds know that I’ve done this. I’ve 
got emails from individuals who’ve run across this fact. They say, ‘It’s great 
what you did.’ He says that the content of the fi rst email ever sent was 
‘something like QWERTYUIOP.’ 

Read more about other famous scientists at  www.sta.ie

Examination Questions

2006 Leaving Certifi cate Physics Higher Level 
Describe an experiment to demonstrate that sound is also a wave motion.
Sound travels as longitudinal waves while light travels as transverse 
waves. Explain the difference between longitudinal and transverse waves.

2004 Leaving Certifi cate Physics Ordinary Level  
Sound from a vibrating object can cause diffraction and interference.
Explain the underlined terms. 
Describe an experiment to demonstrate the interference of sound.
The diagram shows a stationary wave (standing wave) on a vibrating 
stretched string.

 

What is the name given to the points on the string marked (i) X, (ii) Y?
How many wavelengths are contained in the distance marked L? 

Activities

Practical Activities 

Devise a digital code (on/off code) that could be used to transmit a short 
text message electrically. Compare your design with that of others and 
combine your ideas to devise an improved system. Set up the system 

Y Y Y Y

X X X
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