
Today the use of wireless 
technology in conjunction with 
specialised single-chip computers 
greatly facilitates data collection 
and transmission. 

These battery-powered motes are 
internally very sophisticated but are 
designed to be easy to use. They are 
typically palm-sized although much 
smaller ones are also available. 
They contain tiny computers with 
their own built-in operating system 
and the ability to communicate 
with one another to establish 
‘intelligent’ data networks. Motes 
have a wireless communication 
range of 10 m to about 100 m; the 
larger range requires more power. 
Sensor modules can be added as 
required. Data that are collected 
at predetermined intervals, or at 
specifi c times, are transmitted 
through the network elements to a 
main computer or controller. 

An educational project led by the National Centre for Sensor Research 
(NCSR) in DCU employs this technology (www.ecosensorweb.dcu.
ie) and involves the remote monitoring of light, temperature, humidity 
and pressure in a number of the specialised glasshouses in the Botanic 
Gardens. The recorded data is presented on the website and may be 
downloaded for further processing.

Many domestic devices contain sensors—devices that 
detect some change and usually trigger some result. When 
you open the door of a refrigerator a lamp lights automatically. 
In this case the sensor is a simple switch that is located on 
the hinge side of the door. When the water in a jug kettle 
comes to the boil the kettle switches off automatically. When 
a temperature sensor located in the handle is heated by 
the steam it switches off the electricity. In this lesson we 
will examine the basic structure and function of electronic 
sensors and how they can be used for remote monitoring.

Physical sensors
The operational component of 
the switch in a jug kettle and of 
the thermostats used in many 
electric heaters and cookers is a 
bimetallic strip. Metals expand when 
they are heated but not all by the 
same amount. A bimetallic strip is 
composed of two different metals 
bonded together along their length. 
When it is heated it bends and when 
it cools it returns to its original shape. 
When the bimetallic strip moves it can 
physically push a switch, changing 
its state. 

Many sensors in common use 
produce some physical movement in response to an environmental 
change in position (door alarm), temperature (thermostat), pressure 
(washing machine) or humidity (tumble dryer). Increasingly however, 
environmental sensors are electronic; they provide a range of outputs 
(not just on/off) and are more easily linked to data-monitoring and 
recording systems.

The Higher Education Authority (HEA) was established on a 
statutory basis in 1971 with core functions relating to furthering 
the development of higher education and research, advising the 
Minister for Education and Science in respect of higher education 
and research, and funding universities, NCAD, institutes of 
technology and a number of other designated institutions. 

The HEA manages the Programme for Research in Third Level 
Institutions (PRTLI) which is building a world-class research 
infrastructure. The programme provides integrated fi nancial 
support for institutional strategies, programmes and infrastructure 
and ensures that institutions have the capacity and incentives to 
formulate and implement research strategies, which will give them 
critical mass and world-level capacity in key areas of research. To 
date, €605m has been allocated to third-level institutions under 
this competitive programme.

The mission of the HEA is also to foster the development of a higher 
education sector which is accessible to all potential students and 
which is recognised internationally for the high quality of teaching, 
learning and research and which has the capacity to address the 
changing needs and challenges in our society.

One of the key elements in that strategy is the National Offi ce 
for Equity of Access to Higher Education in promoting access 
to higher education from sectors of society which are at present 
under-represented. 

The work of the HEA has an important international dimension 
and the Authority works with the European Commission, with 
colleagues in the other member states and with a number of 
international organisations, among them the OECD, UNESCO and 
the Bologna Process. 

A vibrant higher-education and research sector is a central 
element in our development as a society, including economic 
development. It is key to the development of people and to their 
capacity to achieve their potential. The HEA in partnership with 
the other stakeholders is building a higher education sector that 
aims to be among the best in the world.

If R2 is a variable resistor (instead of a fi xed-value resistor) then the output 
voltage will be proportional to its value. Such a voltage divider could be 
used to monitor the rotation of an axle or the movement of a lever.

Simple electronic sensors
Thermistors are resistors whose 
resistance changes with temperature. 
If a thermistor is used a part of a 
potential divider then the output 
voltage will vary as the temperature 
changes – though not usually 
proportionately. Such a potential 
divider acts as an electronic sensor; 
its output voltage represents 
an environmental variable and can 
be used to measure it once it is 
suitably calibrated. 

In a similar way a light sensor 
can be made by using a light 
dependent resistor (LDR) as one half 
of a voltage divider.  

Transducers
Transducers convert one form of 
energy into another for monitoring 
or control purposes. For example, 
the input to an electric motor is 
electrical energy and the output 
is rotational energy. A microphone 
converts sound energy into 
electrical energy and a speaker 
converts electrical energy into 
sound energy. In fact speakers 
and microphones have essentially 
the same three parts and illustrate 
the fact than many transducers can 
work in reverse; e.g. electric motors 
can act as electric generators. Note that, in contrast to potential dividers, 
these devices can actually produce a voltage although in some cases (e.g. 
a microphone) the voltage may be only a few millivolts. 

Chemical sensors
Sensors for temperature or 
brightness are relatively simple. 
Chemical sensors are considerably 
more complex and include pH and 
dissolved oxygen probes. Today 
sensors for many specifi c ions are 
available.

Sensors and motes
One of the main advantages of using electronic sensors is that 
environmental variables can be monitored remotely and automatically. 
Remote monitoring (e.g. in industrial process control) generally involves 
the installation of wires between the sensors and a control centre.

You can fi nd out more about the work of the Higher 
Education Authority (HEA) at www.hea.ie or at 
www.sta.ie
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The potential divider
The operational principle of many electronic sensors is the potential 
divider (voltage divider). Essentially this consists of two resistors in 
series; the electric potential (voltage) applied across the pair is halved if 
the two resistors are exactly equal. Unequal resistors will split the voltage 
unequally. The voltage across any of the resistors is a fraction of the voltage 
supplied to the pair. For example, if the resistance of one of the resistors 
is a tenth of the total resistance then the voltage across it will be a tenth of 
the total voltage. This can be expressed mathematically as follows: V2/V= 
R2/(R1+R2) or V2 = (V x R2)/(R1+R2) where V is the total voltage.

Fig. 4  Headphones (speakers)

Fig. 6  A typical mote 

Fig. 7  One of the DCU ecosensors 

Fig. 8  The Palm House, National Botanic Gardens, Dublin  

who are mobile or those convalescing at 
home, thus improving their quality of life.

Motes can also be used in monitoring machinery, industrial processes 
and structural elements in buildings, bridges and roads. The range 
of potential applications of these devices is enormous and some 
people believe such devices will in the future become commonplace 
components in the workplace and in the home.

Other applications
The monitoring of patients’ conditions in hospitals generally takes the 
form of staff visits to each patient at regular intervals to measure and 
record their temperatures and generally to provide personal contact. In 
the case of severely ill or injured patients whose temperature, breathing, 
heart rate, blood pressure etc. must be constantly monitored electronic 
sensors are also employed. 

Wearable motes are now being developed that incorporate some of these 
functions. Such devices could be used to monitor the condition of patients 
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Today the use of wireless 
technology in conjunction with 
specialised single-chip computers 
greatly facilitates data collection 
and transmission. 

These battery-powered motes are 
internally very sophisticated but are 
designed to be easy to use. They are 
typically palm-sized although much 
smaller ones are also available. 
They contain tiny computers with 
their own built-in operating system 
and the ability to communicate 
with one another to establish 
‘intelligent’ data networks. Motes 
have a wireless communication 
range of 10 m to about 100 m; the 
larger range requires more power. 
Sensor modules can be added as 
required. Data that are collected 
at predetermined intervals, or at 
specifi c times, are transmitted 
through the network elements to a 
main computer or controller. 

An educational project led by the National Centre for Sensor Research 
(NCSR) in DCU employs this technology (www.ecosensorweb.dcu.
ie) and involves the remote monitoring of light, temperature, humidity 
and pressure in a number of the specialised glasshouses in the Botanic 
Gardens. The recorded data is presented on the website and may be 
downloaded for further processing.

Many domestic devices contain sensors—devices that 
detect some change and usually trigger some result. When 
you open the door of a refrigerator a lamp lights automatically. 
In this case the sensor is a simple switch that is located on 
the hinge side of the door. When the water in a jug kettle 
comes to the boil the kettle switches off automatically. When 
a temperature sensor located in the handle is heated by 
the steam it switches off the electricity. In this lesson we 
will examine the basic structure and function of electronic 
sensors and how they can be used for remote monitoring.

Physical sensors
The operational component of 
the switch in a jug kettle and of 
the thermostats used in many 
electric heaters and cookers is a 
bimetallic strip. Metals expand when 
they are heated but not all by the 
same amount. A bimetallic strip is 
composed of two different metals 
bonded together along their length. 
When it is heated it bends and when 
it cools it returns to its original shape. 
When the bimetallic strip moves it can 
physically push a switch, changing 
its state. 

Many sensors in common use 
produce some physical movement in response to an environmental 
change in position (door alarm), temperature (thermostat), pressure 
(washing machine) or humidity (tumble dryer). Increasingly however, 
environmental sensors are electronic; they provide a range of outputs 
(not just on/off) and are more easily linked to data-monitoring and 
recording systems.

The Higher Education Authority (HEA) was established on a 
statutory basis in 1971 with core functions relating to furthering 
the development of higher education and research, advising the 
Minister for Education and Science in respect of higher education 
and research, and funding universities, NCAD, institutes of 
technology and a number of other designated institutions. 

The HEA manages the Programme for Research in Third Level 
Institutions (PRTLI) which is building a world-class research 
infrastructure. The programme provides integrated fi nancial 
support for institutional strategies, programmes and infrastructure 
and ensures that institutions have the capacity and incentives to 
formulate and implement research strategies, which will give them 
critical mass and world-level capacity in key areas of research. To 
date, €605m has been allocated to third-level institutions under 
this competitive programme.

The mission of the HEA is also to foster the development of a higher 
education sector which is accessible to all potential students and 
which is recognised internationally for the high quality of teaching, 
learning and research and which has the capacity to address the 
changing needs and challenges in our society.

One of the key elements in that strategy is the National Offi ce 
for Equity of Access to Higher Education in promoting access 
to higher education from sectors of society which are at present 
under-represented. 

The work of the HEA has an important international dimension 
and the Authority works with the European Commission, with 
colleagues in the other member states and with a number of 
international organisations, among them the OECD, UNESCO and 
the Bologna Process. 

A vibrant higher-education and research sector is a central 
element in our development as a society, including economic 
development. It is key to the development of people and to their 
capacity to achieve their potential. The HEA in partnership with 
the other stakeholders is building a higher education sector that 
aims to be among the best in the world.

If R2 is a variable resistor (instead of a fi xed-value resistor) then the output 
voltage will be proportional to its value. Such a voltage divider could be 
used to monitor the rotation of an axle or the movement of a lever.

Simple electronic sensors
Thermistors are resistors whose 
resistance changes with temperature. 
If a thermistor is used a part of a 
potential divider then the output 
voltage will vary as the temperature 
changes – though not usually 
proportionately. Such a potential 
divider acts as an electronic sensor; 
its output voltage represents 
an environmental variable and can 
be used to measure it once it is 
suitably calibrated. 

In a similar way a light sensor 
can be made by using a light 
dependent resistor (LDR) as one half 
of a voltage divider.  

Transducers
Transducers convert one form of 
energy into another for monitoring 
or control purposes. For example, 
the input to an electric motor is 
electrical energy and the output 
is rotational energy. A microphone 
converts sound energy into 
electrical energy and a speaker 
converts electrical energy into 
sound energy. In fact speakers 
and microphones have essentially 
the same three parts and illustrate 
the fact than many transducers can 
work in reverse; e.g. electric motors 
can act as electric generators. Note that, in contrast to potential dividers, 
these devices can actually produce a voltage although in some cases (e.g. 
a microphone) the voltage may be only a few millivolts. 

Chemical sensors
Sensors for temperature or 
brightness are relatively simple. 
Chemical sensors are considerably 
more complex and include pH and 
dissolved oxygen probes. Today 
sensors for many specifi c ions are 
available.

Sensors and motes
One of the main advantages of using electronic sensors is that 
environmental variables can be monitored remotely and automatically. 
Remote monitoring (e.g. in industrial process control) generally involves 
the installation of wires between the sensors and a control centre.

You can fi nd out more about the work of the Higher 
Education Authority (HEA) at www.hea.ie or at 
www.sta.ie
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The potential divider
The operational principle of many electronic sensors is the potential 
divider (voltage divider). Essentially this consists of two resistors in 
series; the electric potential (voltage) applied across the pair is halved if 
the two resistors are exactly equal. Unequal resistors will split the voltage 
unequally. The voltage across any of the resistors is a fraction of the voltage 
supplied to the pair. For example, if the resistance of one of the resistors 
is a tenth of the total resistance then the voltage across it will be a tenth of 
the total voltage. This can be expressed mathematically as follows: V2/V= 
R2/(R1+R2) or V2 = (V x R2)/(R1+R2) where V is the total voltage.
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who are mobile or those convalescing at 
home, thus improving their quality of life.

Motes can also be used in monitoring machinery, industrial processes 
and structural elements in buildings, bridges and roads. The range 
of potential applications of these devices is enormous and some 
people believe such devices will in the future become commonplace 
components in the workplace and in the home.

Other applications
The monitoring of patients’ conditions in hospitals generally takes the 
form of staff visits to each patient at regular intervals to measure and 
record their temperatures and generally to provide personal contact. In 
the case of severely ill or injured patients whose temperature, breathing, 
heart rate, blood pressure etc. must be constantly monitored electronic 
sensors are also employed. 

Wearable motes are now being developed that incorporate some of these 
functions. Such devices could be used to monitor the condition of patients 
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Today the use of wireless 
technology in conjunction with 
specialised single-chip computers 
greatly facilitates data collection 
and transmission. 

These battery-powered motes are 
internally very sophisticated but are 
designed to be easy to use. They are 
typically palm-sized although much 
smaller ones are also available. 
They contain tiny computers with 
their own built-in operating system 
and the ability to communicate 
with one another to establish 
‘intelligent’ data networks. Motes 
have a wireless communication 
range of 10 m to about 100 m; the 
larger range requires more power. 
Sensor modules can be added as 
required. Data that are collected 
at predetermined intervals, or at 
specifi c times, are transmitted 
through the network elements to a 
main computer or controller. 

An educational project led by the National Centre for Sensor Research 
(NCSR) in DCU employs this technology (www.ecosensorweb.dcu.
ie) and involves the remote monitoring of light, temperature, humidity 
and pressure in a number of the specialised glasshouses in the Botanic 
Gardens. The recorded data is presented on the website and may be 
downloaded for further processing.

Many domestic devices contain sensors—devices that 
detect some change and usually trigger some result. When 
you open the door of a refrigerator a lamp lights automatically. 
In this case the sensor is a simple switch that is located on 
the hinge side of the door. When the water in a jug kettle 
comes to the boil the kettle switches off automatically. When 
a temperature sensor located in the handle is heated by 
the steam it switches off the electricity. In this lesson we 
will examine the basic structure and function of electronic 
sensors and how they can be used for remote monitoring.

Physical sensors
The operational component of 
the switch in a jug kettle and of 
the thermostats used in many 
electric heaters and cookers is a 
bimetallic strip. Metals expand when 
they are heated but not all by the 
same amount. A bimetallic strip is 
composed of two different metals 
bonded together along their length. 
When it is heated it bends and when 
it cools it returns to its original shape. 
When the bimetallic strip moves it can 
physically push a switch, changing 
its state. 

Many sensors in common use 
produce some physical movement in response to an environmental 
change in position (door alarm), temperature (thermostat), pressure 
(washing machine) or humidity (tumble dryer). Increasingly however, 
environmental sensors are electronic; they provide a range of outputs 
(not just on/off) and are more easily linked to data-monitoring and 
recording systems.

The Higher Education Authority (HEA) was established on a 
statutory basis in 1971 with core functions relating to furthering 
the development of higher education and research, advising the 
Minister for Education and Science in respect of higher education 
and research, and funding universities, NCAD, institutes of 
technology and a number of other designated institutions. 

The HEA manages the Programme for Research in Third Level 
Institutions (PRTLI) which is building a world-class research 
infrastructure. The programme provides integrated fi nancial 
support for institutional strategies, programmes and infrastructure 
and ensures that institutions have the capacity and incentives to 
formulate and implement research strategies, which will give them 
critical mass and world-level capacity in key areas of research. To 
date, €605m has been allocated to third-level institutions under 
this competitive programme.

The mission of the HEA is also to foster the development of a higher 
education sector which is accessible to all potential students and 
which is recognised internationally for the high quality of teaching, 
learning and research and which has the capacity to address the 
changing needs and challenges in our society.

One of the key elements in that strategy is the National Offi ce 
for Equity of Access to Higher Education in promoting access 
to higher education from sectors of society which are at present 
under-represented. 

The work of the HEA has an important international dimension 
and the Authority works with the European Commission, with 
colleagues in the other member states and with a number of 
international organisations, among them the OECD, UNESCO and 
the Bologna Process. 

A vibrant higher-education and research sector is a central 
element in our development as a society, including economic 
development. It is key to the development of people and to their 
capacity to achieve their potential. The HEA in partnership with 
the other stakeholders is building a higher education sector that 
aims to be among the best in the world.

If R2 is a variable resistor (instead of a fi xed-value resistor) then the output 
voltage will be proportional to its value. Such a voltage divider could be 
used to monitor the rotation of an axle or the movement of a lever.

Simple electronic sensors
Thermistors are resistors whose 
resistance changes with temperature. 
If a thermistor is used a part of a 
potential divider then the output 
voltage will vary as the temperature 
changes – though not usually 
proportionately. Such a potential 
divider acts as an electronic sensor; 
its output voltage represents 
an environmental variable and can 
be used to measure it once it is 
suitably calibrated. 

In a similar way a light sensor 
can be made by using a light 
dependent resistor (LDR) as one half 
of a voltage divider.  

Transducers
Transducers convert one form of 
energy into another for monitoring 
or control purposes. For example, 
the input to an electric motor is 
electrical energy and the output 
is rotational energy. A microphone 
converts sound energy into 
electrical energy and a speaker 
converts electrical energy into 
sound energy. In fact speakers 
and microphones have essentially 
the same three parts and illustrate 
the fact than many transducers can 
work in reverse; e.g. electric motors 
can act as electric generators. Note that, in contrast to potential dividers, 
these devices can actually produce a voltage although in some cases (e.g. 
a microphone) the voltage may be only a few millivolts. 

Chemical sensors
Sensors for temperature or 
brightness are relatively simple. 
Chemical sensors are considerably 
more complex and include pH and 
dissolved oxygen probes. Today 
sensors for many specifi c ions are 
available.

Sensors and motes
One of the main advantages of using electronic sensors is that 
environmental variables can be monitored remotely and automatically. 
Remote monitoring (e.g. in industrial process control) generally involves 
the installation of wires between the sensors and a control centre.

You can fi nd out more about the work of the Higher 
Education Authority (HEA) at www.hea.ie or at 
www.sta.ie
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The potential divider
The operational principle of many electronic sensors is the potential 
divider (voltage divider). Essentially this consists of two resistors in 
series; the electric potential (voltage) applied across the pair is halved if 
the two resistors are exactly equal. Unequal resistors will split the voltage 
unequally. The voltage across any of the resistors is a fraction of the voltage 
supplied to the pair. For example, if the resistance of one of the resistors 
is a tenth of the total resistance then the voltage across it will be a tenth of 
the total voltage. This can be expressed mathematically as follows: V2/V= 
R2/(R1+R2) or V2 = (V x R2)/(R1+R2) where V is the total voltage.
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who are mobile or those convalescing at 
home, thus improving their quality of life.

Motes can also be used in monitoring machinery, industrial processes 
and structural elements in buildings, bridges and roads. The range 
of potential applications of these devices is enormous and some 
people believe such devices will in the future become commonplace 
components in the workplace and in the home.

Other applications
The monitoring of patients’ conditions in hospitals generally takes the 
form of staff visits to each patient at regular intervals to measure and 
record their temperatures and generally to provide personal contact. In 
the case of severely ill or injured patients whose temperature, breathing, 
heart rate, blood pressure etc. must be constantly monitored electronic 
sensors are also employed. 

Wearable motes are now being developed that incorporate some of these 
functions. Such devices could be used to monitor the condition of patients 
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Today the use of wireless 
technology in conjunction with 
specialised single-chip computers 
greatly facilitates data collection 
and transmission. 

These battery-powered motes are 
internally very sophisticated but are 
designed to be easy to use. They are 
typically palm-sized although much 
smaller ones are also available. 
They contain tiny computers with 
their own built-in operating system 
and the ability to communicate 
with one another to establish 
‘intelligent’ data networks. Motes 
have a wireless communication 
range of 10 m to about 100 m; the 
larger range requires more power. 
Sensor modules can be added as 
required. Data that are collected 
at predetermined intervals, or at 
specifi c times, are transmitted 
through the network elements to a 
main computer or controller. 

An educational project led by the National Centre for Sensor Research 
(NCSR) in DCU employs this technology (www.ecosensorweb.dcu.
ie) and involves the remote monitoring of light, temperature, humidity 
and pressure in a number of the specialised glasshouses in the Botanic 
Gardens. The recorded data is presented on the website and may be 
downloaded for further processing.

Many domestic devices contain sensors—devices that 
detect some change and usually trigger some result. When 
you open the door of a refrigerator a lamp lights automatically. 
In this case the sensor is a simple switch that is located on 
the hinge side of the door. When the water in a jug kettle 
comes to the boil the kettle switches off automatically. When 
a temperature sensor located in the handle is heated by 
the steam it switches off the electricity. In this lesson we 
will examine the basic structure and function of electronic 
sensors and how they can be used for remote monitoring.

Physical sensors
The operational component of 
the switch in a jug kettle and of 
the thermostats used in many 
electric heaters and cookers is a 
bimetallic strip. Metals expand when 
they are heated but not all by the 
same amount. A bimetallic strip is 
composed of two different metals 
bonded together along their length. 
When it is heated it bends and when 
it cools it returns to its original shape. 
When the bimetallic strip moves it can 
physically push a switch, changing 
its state. 

Many sensors in common use 
produce some physical movement in response to an environmental 
change in position (door alarm), temperature (thermostat), pressure 
(washing machine) or humidity (tumble dryer). Increasingly however, 
environmental sensors are electronic; they provide a range of outputs 
(not just on/off) and are more easily linked to data-monitoring and 
recording systems.

The Higher Education Authority (HEA) was established on a 
statutory basis in 1971 with core functions relating to furthering 
the development of higher education and research, advising the 
Minister for Education and Science in respect of higher education 
and research, and funding universities, NCAD, institutes of 
technology and a number of other designated institutions. 

The HEA manages the Programme for Research in Third Level 
Institutions (PRTLI) which is building a world-class research 
infrastructure. The programme provides integrated fi nancial 
support for institutional strategies, programmes and infrastructure 
and ensures that institutions have the capacity and incentives to 
formulate and implement research strategies, which will give them 
critical mass and world-level capacity in key areas of research. To 
date, €605m has been allocated to third-level institutions under 
this competitive programme.

The mission of the HEA is also to foster the development of a higher 
education sector which is accessible to all potential students and 
which is recognised internationally for the high quality of teaching, 
learning and research and which has the capacity to address the 
changing needs and challenges in our society.

One of the key elements in that strategy is the National Offi ce 
for Equity of Access to Higher Education in promoting access 
to higher education from sectors of society which are at present 
under-represented. 

The work of the HEA has an important international dimension 
and the Authority works with the European Commission, with 
colleagues in the other member states and with a number of 
international organisations, among them the OECD, UNESCO and 
the Bologna Process. 

A vibrant higher-education and research sector is a central 
element in our development as a society, including economic 
development. It is key to the development of people and to their 
capacity to achieve their potential. The HEA in partnership with 
the other stakeholders is building a higher education sector that 
aims to be among the best in the world.

If R2 is a variable resistor (instead of a fi xed-value resistor) then the output 
voltage will be proportional to its value. Such a voltage divider could be 
used to monitor the rotation of an axle or the movement of a lever.

Simple electronic sensors
Thermistors are resistors whose 
resistance changes with temperature. 
If a thermistor is used a part of a 
potential divider then the output 
voltage will vary as the temperature 
changes – though not usually 
proportionately. Such a potential 
divider acts as an electronic sensor; 
its output voltage represents 
an environmental variable and can 
be used to measure it once it is 
suitably calibrated. 

In a similar way a light sensor 
can be made by using a light 
dependent resistor (LDR) as one half 
of a voltage divider.  

Transducers
Transducers convert one form of 
energy into another for monitoring 
or control purposes. For example, 
the input to an electric motor is 
electrical energy and the output 
is rotational energy. A microphone 
converts sound energy into 
electrical energy and a speaker 
converts electrical energy into 
sound energy. In fact speakers 
and microphones have essentially 
the same three parts and illustrate 
the fact than many transducers can 
work in reverse; e.g. electric motors 
can act as electric generators. Note that, in contrast to potential dividers, 
these devices can actually produce a voltage although in some cases (e.g. 
a microphone) the voltage may be only a few millivolts. 

Chemical sensors
Sensors for temperature or 
brightness are relatively simple. 
Chemical sensors are considerably 
more complex and include pH and 
dissolved oxygen probes. Today 
sensors for many specifi c ions are 
available.

Sensors and motes
One of the main advantages of using electronic sensors is that 
environmental variables can be monitored remotely and automatically. 
Remote monitoring (e.g. in industrial process control) generally involves 
the installation of wires between the sensors and a control centre.

You can fi nd out more about the work of the Higher 
Education Authority (HEA) at www.hea.ie or at 
www.sta.ie
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The potential divider
The operational principle of many electronic sensors is the potential 
divider (voltage divider). Essentially this consists of two resistors in 
series; the electric potential (voltage) applied across the pair is halved if 
the two resistors are exactly equal. Unequal resistors will split the voltage 
unequally. The voltage across any of the resistors is a fraction of the voltage 
supplied to the pair. For example, if the resistance of one of the resistors 
is a tenth of the total resistance then the voltage across it will be a tenth of 
the total voltage. This can be expressed mathematically as follows: V2/V= 
R2/(R1+R2) or V2 = (V x R2)/(R1+R2) where V is the total voltage.

Fig. 4  Headphones (speakers)

Fig. 6  A typical mote 

Fig. 7  One of the DCU ecosensors 

Fig. 8  The Palm House, National Botanic Gardens, Dublin  

who are mobile or those convalescing at 
home, thus improving their quality of life.

Motes can also be used in monitoring machinery, industrial processes 
and structural elements in buildings, bridges and roads. The range 
of potential applications of these devices is enormous and some 
people believe such devices will in the future become commonplace 
components in the workplace and in the home.

Other applications
The monitoring of patients’ conditions in hospitals generally takes the 
form of staff visits to each patient at regular intervals to measure and 
record their temperatures and generally to provide personal contact. In 
the case of severely ill or injured patients whose temperature, breathing, 
heart rate, blood pressure etc. must be constantly monitored electronic 
sensors are also employed. 

Wearable motes are now being developed that incorporate some of these 
functions. Such devices could be used to monitor the condition of patients 
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Today the use of wireless 
technology in conjunction with 
specialised single-chip computers 
greatly facilitates data collection 
and transmission. 

These battery-powered motes are 
internally very sophisticated but are 
designed to be easy to use. They are 
typically palm-sized although much 
smaller ones are also available. 
They contain tiny computers with 
their own built-in operating system 
and the ability to communicate 
with one another to establish 
‘intelligent’ data networks. Motes 
have a wireless communication 
range of 10 m to about 100 m; the 
larger range requires more power. 
Sensor modules can be added as 
required. Data that are collected 
at predetermined intervals, or at 
specifi c times, are transmitted 
through the network elements to a 
main computer or controller. 

An educational project led by the National Centre for Sensor Research 
(NCSR) in DCU employs this technology (www.ecosensorweb.dcu.
ie) and involves the remote monitoring of light, temperature, humidity 
and pressure in a number of the specialised glasshouses in the Botanic 
Gardens. The recorded data is presented on the website and may be 
downloaded for further processing.

Many domestic devices contain sensors—devices that 
detect some change and usually trigger some result. When 
you open the door of a refrigerator a lamp lights automatically. 
In this case the sensor is a simple switch that is located on 
the hinge side of the door. When the water in a jug kettle 
comes to the boil the kettle switches off automatically. When 
a temperature sensor located in the handle is heated by 
the steam it switches off the electricity. In this lesson we 
will examine the basic structure and function of electronic 
sensors and how they can be used for remote monitoring.

Physical sensors
The operational component of 
the switch in a jug kettle and of 
the thermostats used in many 
electric heaters and cookers is a 
bimetallic strip. Metals expand when 
they are heated but not all by the 
same amount. A bimetallic strip is 
composed of two different metals 
bonded together along their length. 
When it is heated it bends and when 
it cools it returns to its original shape. 
When the bimetallic strip moves it can 
physically push a switch, changing 
its state. 

Many sensors in common use 
produce some physical movement in response to an environmental 
change in position (door alarm), temperature (thermostat), pressure 
(washing machine) or humidity (tumble dryer). Increasingly however, 
environmental sensors are electronic; they provide a range of outputs 
(not just on/off) and are more easily linked to data-monitoring and 
recording systems.

The Higher Education Authority (HEA) was established on a 
statutory basis in 1971 with core functions relating to furthering 
the development of higher education and research, advising the 
Minister for Education and Science in respect of higher education 
and research, and funding universities, NCAD, institutes of 
technology and a number of other designated institutions. 

The HEA manages the Programme for Research in Third Level 
Institutions (PRTLI) which is building a world-class research 
infrastructure. The programme provides integrated fi nancial 
support for institutional strategies, programmes and infrastructure 
and ensures that institutions have the capacity and incentives to 
formulate and implement research strategies, which will give them 
critical mass and world-level capacity in key areas of research. To 
date, €605m has been allocated to third-level institutions under 
this competitive programme.

The mission of the HEA is also to foster the development of a higher 
education sector which is accessible to all potential students and 
which is recognised internationally for the high quality of teaching, 
learning and research and which has the capacity to address the 
changing needs and challenges in our society.

One of the key elements in that strategy is the National Offi ce 
for Equity of Access to Higher Education in promoting access 
to higher education from sectors of society which are at present 
under-represented. 

The work of the HEA has an important international dimension 
and the Authority works with the European Commission, with 
colleagues in the other member states and with a number of 
international organisations, among them the OECD, UNESCO and 
the Bologna Process. 

A vibrant higher-education and research sector is a central 
element in our development as a society, including economic 
development. It is key to the development of people and to their 
capacity to achieve their potential. The HEA in partnership with 
the other stakeholders is building a higher education sector that 
aims to be among the best in the world.

If R2 is a variable resistor (instead of a fi xed-value resistor) then the output 
voltage will be proportional to its value. Such a voltage divider could be 
used to monitor the rotation of an axle or the movement of a lever.

Simple electronic sensors
Thermistors are resistors whose 
resistance changes with temperature. 
If a thermistor is used a part of a 
potential divider then the output 
voltage will vary as the temperature 
changes – though not usually 
proportionately. Such a potential 
divider acts as an electronic sensor; 
its output voltage represents 
an environmental variable and can 
be used to measure it once it is 
suitably calibrated. 

In a similar way a light sensor 
can be made by using a light 
dependent resistor (LDR) as one half 
of a voltage divider.  

Transducers
Transducers convert one form of 
energy into another for monitoring 
or control purposes. For example, 
the input to an electric motor is 
electrical energy and the output 
is rotational energy. A microphone 
converts sound energy into 
electrical energy and a speaker 
converts electrical energy into 
sound energy. In fact speakers 
and microphones have essentially 
the same three parts and illustrate 
the fact than many transducers can 
work in reverse; e.g. electric motors 
can act as electric generators. Note that, in contrast to potential dividers, 
these devices can actually produce a voltage although in some cases (e.g. 
a microphone) the voltage may be only a few millivolts. 

Chemical sensors
Sensors for temperature or 
brightness are relatively simple. 
Chemical sensors are considerably 
more complex and include pH and 
dissolved oxygen probes. Today 
sensors for many specifi c ions are 
available.

Sensors and motes
One of the main advantages of using electronic sensors is that 
environmental variables can be monitored remotely and automatically. 
Remote monitoring (e.g. in industrial process control) generally involves 
the installation of wires between the sensors and a control centre.

You can fi nd out more about the work of the Higher 
Education Authority (HEA) at www.hea.ie or at 
www.sta.ie
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The potential divider
The operational principle of many electronic sensors is the potential 
divider (voltage divider). Essentially this consists of two resistors in 
series; the electric potential (voltage) applied across the pair is halved if 
the two resistors are exactly equal. Unequal resistors will split the voltage 
unequally. The voltage across any of the resistors is a fraction of the voltage 
supplied to the pair. For example, if the resistance of one of the resistors 
is a tenth of the total resistance then the voltage across it will be a tenth of 
the total voltage. This can be expressed mathematically as follows: V2/V= 
R2/(R1+R2) or V2 = (V x R2)/(R1+R2) where V is the total voltage.

Fig. 4  Headphones (speakers)

Fig. 6  A typical mote 

Fig. 7  One of the DCU ecosensors 

Fig. 8  The Palm House, National Botanic Gardens, Dublin  

who are mobile or those convalescing at 
home, thus improving their quality of life.

Motes can also be used in monitoring machinery, industrial processes 
and structural elements in buildings, bridges and roads. The range 
of potential applications of these devices is enormous and some 
people believe such devices will in the future become commonplace 
components in the workplace and in the home.

Other applications
The monitoring of patients’ conditions in hospitals generally takes the 
form of staff visits to each patient at regular intervals to measure and 
record their temperatures and generally to provide personal contact. In 
the case of severely ill or injured patients whose temperature, breathing, 
heart rate, blood pressure etc. must be constantly monitored electronic 
sensors are also employed. 

Wearable motes are now being developed that incorporate some of these 
functions. Such devices could be used to monitor the condition of patients 
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Today the use of wireless 
technology in conjunction with 
specialised single-chip computers 
greatly facilitates data collection 
and transmission. 

These battery-powered motes are 
internally very sophisticated but are 
designed to be easy to use. They are 
typically palm-sized although much 
smaller ones are also available. 
They contain tiny computers with 
their own built-in operating system 
and the ability to communicate 
with one another to establish 
‘intelligent’ data networks. Motes 
have a wireless communication 
range of 10 m to about 100 m; the 
larger range requires more power. 
Sensor modules can be added as 
required. Data that are collected 
at predetermined intervals, or at 
specifi c times, are transmitted 
through the network elements to a 
main computer or controller. 

An educational project led by the National Centre for Sensor Research 
(NCSR) in DCU employs this technology (www.ecosensorweb.dcu.
ie) and involves the remote monitoring of light, temperature, humidity 
and pressure in a number of the specialised glasshouses in the Botanic 
Gardens. The recorded data is presented on the website and may be 
downloaded for further processing.

Many domestic devices contain sensors—devices that 
detect some change and usually trigger some result. When 
you open the door of a refrigerator a lamp lights automatically. 
In this case the sensor is a simple switch that is located on 
the hinge side of the door. When the water in a jug kettle 
comes to the boil the kettle switches off automatically. When 
a temperature sensor located in the handle is heated by 
the steam it switches off the electricity. In this lesson we 
will examine the basic structure and function of electronic 
sensors and how they can be used for remote monitoring.

Physical sensors
The operational component of 
the switch in a jug kettle and of 
the thermostats used in many 
electric heaters and cookers is a 
bimetallic strip. Metals expand when 
they are heated but not all by the 
same amount. A bimetallic strip is 
composed of two different metals 
bonded together along their length. 
When it is heated it bends and when 
it cools it returns to its original shape. 
When the bimetallic strip moves it can 
physically push a switch, changing 
its state. 

Many sensors in common use 
produce some physical movement in response to an environmental 
change in position (door alarm), temperature (thermostat), pressure 
(washing machine) or humidity (tumble dryer). Increasingly however, 
environmental sensors are electronic; they provide a range of outputs 
(not just on/off) and are more easily linked to data-monitoring and 
recording systems.

The Higher Education Authority (HEA) was established on a 
statutory basis in 1971 with core functions relating to furthering 
the development of higher education and research, advising the 
Minister for Education and Science in respect of higher education 
and research, and funding universities, NCAD, institutes of 
technology and a number of other designated institutions. 

The HEA manages the Programme for Research in Third Level 
Institutions (PRTLI) which is building a world-class research 
infrastructure. The programme provides integrated fi nancial 
support for institutional strategies, programmes and infrastructure 
and ensures that institutions have the capacity and incentives to 
formulate and implement research strategies, which will give them 
critical mass and world-level capacity in key areas of research. To 
date, €605m has been allocated to third-level institutions under 
this competitive programme.

The mission of the HEA is also to foster the development of a higher 
education sector which is accessible to all potential students and 
which is recognised internationally for the high quality of teaching, 
learning and research and which has the capacity to address the 
changing needs and challenges in our society.

One of the key elements in that strategy is the National Offi ce 
for Equity of Access to Higher Education in promoting access 
to higher education from sectors of society which are at present 
under-represented. 

The work of the HEA has an important international dimension 
and the Authority works with the European Commission, with 
colleagues in the other member states and with a number of 
international organisations, among them the OECD, UNESCO and 
the Bologna Process. 

A vibrant higher-education and research sector is a central 
element in our development as a society, including economic 
development. It is key to the development of people and to their 
capacity to achieve their potential. The HEA in partnership with 
the other stakeholders is building a higher education sector that 
aims to be among the best in the world.

If R2 is a variable resistor (instead of a fi xed-value resistor) then the output 
voltage will be proportional to its value. Such a voltage divider could be 
used to monitor the rotation of an axle or the movement of a lever.

Simple electronic sensors
Thermistors are resistors whose 
resistance changes with temperature. 
If a thermistor is used a part of a 
potential divider then the output 
voltage will vary as the temperature 
changes – though not usually 
proportionately. Such a potential 
divider acts as an electronic sensor; 
its output voltage represents 
an environmental variable and can 
be used to measure it once it is 
suitably calibrated. 

In a similar way a light sensor 
can be made by using a light 
dependent resistor (LDR) as one half 
of a voltage divider.  

Transducers
Transducers convert one form of 
energy into another for monitoring 
or control purposes. For example, 
the input to an electric motor is 
electrical energy and the output 
is rotational energy. A microphone 
converts sound energy into 
electrical energy and a speaker 
converts electrical energy into 
sound energy. In fact speakers 
and microphones have essentially 
the same three parts and illustrate 
the fact than many transducers can 
work in reverse; e.g. electric motors 
can act as electric generators. Note that, in contrast to potential dividers, 
these devices can actually produce a voltage although in some cases (e.g. 
a microphone) the voltage may be only a few millivolts. 

Chemical sensors
Sensors for temperature or 
brightness are relatively simple. 
Chemical sensors are considerably 
more complex and include pH and 
dissolved oxygen probes. Today 
sensors for many specifi c ions are 
available.

Sensors and motes
One of the main advantages of using electronic sensors is that 
environmental variables can be monitored remotely and automatically. 
Remote monitoring (e.g. in industrial process control) generally involves 
the installation of wires between the sensors and a control centre.

You can fi nd out more about the work of the Higher 
Education Authority (HEA) at www.hea.ie or at 
www.sta.ie
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The potential divider
The operational principle of many electronic sensors is the potential 
divider (voltage divider). Essentially this consists of two resistors in 
series; the electric potential (voltage) applied across the pair is halved if 
the two resistors are exactly equal. Unequal resistors will split the voltage 
unequally. The voltage across any of the resistors is a fraction of the voltage 
supplied to the pair. For example, if the resistance of one of the resistors 
is a tenth of the total resistance then the voltage across it will be a tenth of 
the total voltage. This can be expressed mathematically as follows: V2/V= 
R2/(R1+R2) or V2 = (V x R2)/(R1+R2) where V is the total voltage.

Fig. 4  Headphones (speakers)

Fig. 6  A typical mote 

Fig. 7  One of the DCU ecosensors 

Fig. 8  The Palm House, National Botanic Gardens, Dublin  

who are mobile or those convalescing at 
home, thus improving their quality of life.

Motes can also be used in monitoring machinery, industrial processes 
and structural elements in buildings, bridges and roads. The range 
of potential applications of these devices is enormous and some 
people believe such devices will in the future become commonplace 
components in the workplace and in the home.

Other applications
The monitoring of patients’ conditions in hospitals generally takes the 
form of staff visits to each patient at regular intervals to measure and 
record their temperatures and generally to provide personal contact. In 
the case of severely ill or injured patients whose temperature, breathing, 
heart rate, blood pressure etc. must be constantly monitored electronic 
sensors are also employed. 

Wearable motes are now being developed that incorporate some of these 
functions. Such devices could be used to monitor the condition of patients 
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Today the use of wireless 
technology in conjunction with 
specialised single-chip computers 
greatly facilitates data collection 
and transmission. 

These battery-powered motes are 
internally very sophisticated but are 
designed to be easy to use. They are 
typically palm-sized although much 
smaller ones are also available. 
They contain tiny computers with 
their own built-in operating system 
and the ability to communicate 
with one another to establish 
‘intelligent’ data networks. Motes 
have a wireless communication 
range of 10 m to about 100 m; the 
larger range requires more power. 
Sensor modules can be added as 
required. Data that are collected 
at predetermined intervals, or at 
specifi c times, are transmitted 
through the network elements to a 
main computer or controller. 

An educational project led by the National Centre for Sensor Research 
(NCSR) in DCU employs this technology (www.ecosensorweb.dcu.
ie) and involves the remote monitoring of light, temperature, humidity 
and pressure in a number of the specialised glasshouses in the Botanic 
Gardens. The recorded data is presented on the website and may be 
downloaded for further processing.

Many domestic devices contain sensors—devices that 
detect some change and usually trigger some result. When 
you open the door of a refrigerator a lamp lights automatically. 
In this case the sensor is a simple switch that is located on 
the hinge side of the door. When the water in a jug kettle 
comes to the boil the kettle switches off automatically. When 
a temperature sensor located in the handle is heated by 
the steam it switches off the electricity. In this lesson we 
will examine the basic structure and function of electronic 
sensors and how they can be used for remote monitoring.

Physical sensors
The operational component of 
the switch in a jug kettle and of 
the thermostats used in many 
electric heaters and cookers is a 
bimetallic strip. Metals expand when 
they are heated but not all by the 
same amount. A bimetallic strip is 
composed of two different metals 
bonded together along their length. 
When it is heated it bends and when 
it cools it returns to its original shape. 
When the bimetallic strip moves it can 
physically push a switch, changing 
its state. 

Many sensors in common use 
produce some physical movement in response to an environmental 
change in position (door alarm), temperature (thermostat), pressure 
(washing machine) or humidity (tumble dryer). Increasingly however, 
environmental sensors are electronic; they provide a range of outputs 
(not just on/off) and are more easily linked to data-monitoring and 
recording systems.

The Higher Education Authority (HEA) was established on a 
statutory basis in 1971 with core functions relating to furthering 
the development of higher education and research, advising the 
Minister for Education and Science in respect of higher education 
and research, and funding universities, NCAD, institutes of 
technology and a number of other designated institutions. 

The HEA manages the Programme for Research in Third Level 
Institutions (PRTLI) which is building a world-class research 
infrastructure. The programme provides integrated fi nancial 
support for institutional strategies, programmes and infrastructure 
and ensures that institutions have the capacity and incentives to 
formulate and implement research strategies, which will give them 
critical mass and world-level capacity in key areas of research. To 
date, €605m has been allocated to third-level institutions under 
this competitive programme.

The mission of the HEA is also to foster the development of a higher 
education sector which is accessible to all potential students and 
which is recognised internationally for the high quality of teaching, 
learning and research and which has the capacity to address the 
changing needs and challenges in our society.

One of the key elements in that strategy is the National Offi ce 
for Equity of Access to Higher Education in promoting access 
to higher education from sectors of society which are at present 
under-represented. 

The work of the HEA has an important international dimension 
and the Authority works with the European Commission, with 
colleagues in the other member states and with a number of 
international organisations, among them the OECD, UNESCO and 
the Bologna Process. 

A vibrant higher-education and research sector is a central 
element in our development as a society, including economic 
development. It is key to the development of people and to their 
capacity to achieve their potential. The HEA in partnership with 
the other stakeholders is building a higher education sector that 
aims to be among the best in the world.

If R2 is a variable resistor (instead of a fi xed-value resistor) then the output 
voltage will be proportional to its value. Such a voltage divider could be 
used to monitor the rotation of an axle or the movement of a lever.

Simple electronic sensors
Thermistors are resistors whose 
resistance changes with temperature. 
If a thermistor is used a part of a 
potential divider then the output 
voltage will vary as the temperature 
changes – though not usually 
proportionately. Such a potential 
divider acts as an electronic sensor; 
its output voltage represents 
an environmental variable and can 
be used to measure it once it is 
suitably calibrated. 

In a similar way a light sensor 
can be made by using a light 
dependent resistor (LDR) as one half 
of a voltage divider.  

Transducers
Transducers convert one form of 
energy into another for monitoring 
or control purposes. For example, 
the input to an electric motor is 
electrical energy and the output 
is rotational energy. A microphone 
converts sound energy into 
electrical energy and a speaker 
converts electrical energy into 
sound energy. In fact speakers 
and microphones have essentially 
the same three parts and illustrate 
the fact than many transducers can 
work in reverse; e.g. electric motors 
can act as electric generators. Note that, in contrast to potential dividers, 
these devices can actually produce a voltage although in some cases (e.g. 
a microphone) the voltage may be only a few millivolts. 

Chemical sensors
Sensors for temperature or 
brightness are relatively simple. 
Chemical sensors are considerably 
more complex and include pH and 
dissolved oxygen probes. Today 
sensors for many specifi c ions are 
available.

Sensors and motes
One of the main advantages of using electronic sensors is that 
environmental variables can be monitored remotely and automatically. 
Remote monitoring (e.g. in industrial process control) generally involves 
the installation of wires between the sensors and a control centre.

You can fi nd out more about the work of the Higher 
Education Authority (HEA) at www.hea.ie or at 
www.sta.ie
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The potential divider
The operational principle of many electronic sensors is the potential 
divider (voltage divider). Essentially this consists of two resistors in 
series; the electric potential (voltage) applied across the pair is halved if 
the two resistors are exactly equal. Unequal resistors will split the voltage 
unequally. The voltage across any of the resistors is a fraction of the voltage 
supplied to the pair. For example, if the resistance of one of the resistors 
is a tenth of the total resistance then the voltage across it will be a tenth of 
the total voltage. This can be expressed mathematically as follows: V2/V= 
R2/(R1+R2) or V2 = (V x R2)/(R1+R2) where V is the total voltage.

Fig. 4  Headphones (speakers)

Fig. 6  A typical mote 

Fig. 7  One of the DCU ecosensors 

Fig. 8  The Palm House, National Botanic Gardens, Dublin  

who are mobile or those convalescing at 
home, thus improving their quality of life.

Motes can also be used in monitoring machinery, industrial processes 
and structural elements in buildings, bridges and roads. The range 
of potential applications of these devices is enormous and some 
people believe such devices will in the future become commonplace 
components in the workplace and in the home.

Other applications
The monitoring of patients’ conditions in hospitals generally takes the 
form of staff visits to each patient at regular intervals to measure and 
record their temperatures and generally to provide personal contact. In 
the case of severely ill or injured patients whose temperature, breathing, 
heart rate, blood pressure etc. must be constantly monitored electronic 
sensors are also employed. 

Wearable motes are now being developed that incorporate some of these 
functions. Such devices could be used to monitor the condition of patients 
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Today the use of wireless 
technology in conjunction with 
specialised single-chip computers 
greatly facilitates data collection 
and transmission. 

These battery-powered motes are 
internally very sophisticated but are 
designed to be easy to use. They are 
typically palm-sized although much 
smaller ones are also available. 
They contain tiny computers with 
their own built-in operating system 
and the ability to communicate 
with one another to establish 
‘intelligent’ data networks. Motes 
have a wireless communication 
range of 10 m to about 100 m; the 
larger range requires more power. 
Sensor modules can be added as 
required. Data that are collected 
at predetermined intervals, or at 
specifi c times, are transmitted 
through the network elements to a 
main computer or controller. 

An educational project led by the National Centre for Sensor Research 
(NCSR) in DCU employs this technology (www.ecosensorweb.dcu.
ie) and involves the remote monitoring of light, temperature, humidity 
and pressure in a number of the specialised glasshouses in the Botanic 
Gardens. The recorded data is presented on the website and may be 
downloaded for further processing.

Many domestic devices contain sensors—devices that 
detect some change and usually trigger some result. When 
you open the door of a refrigerator a lamp lights automatically. 
In this case the sensor is a simple switch that is located on 
the hinge side of the door. When the water in a jug kettle 
comes to the boil the kettle switches off automatically. When 
a temperature sensor located in the handle is heated by 
the steam it switches off the electricity. In this lesson we 
will examine the basic structure and function of electronic 
sensors and how they can be used for remote monitoring.

Physical sensors
The operational component of 
the switch in a jug kettle and of 
the thermostats used in many 
electric heaters and cookers is a 
bimetallic strip. Metals expand when 
they are heated but not all by the 
same amount. A bimetallic strip is 
composed of two different metals 
bonded together along their length. 
When it is heated it bends and when 
it cools it returns to its original shape. 
When the bimetallic strip moves it can 
physically push a switch, changing 
its state. 

Many sensors in common use 
produce some physical movement in response to an environmental 
change in position (door alarm), temperature (thermostat), pressure 
(washing machine) or humidity (tumble dryer). Increasingly however, 
environmental sensors are electronic; they provide a range of outputs 
(not just on/off) and are more easily linked to data-monitoring and 
recording systems.

The Higher Education Authority (HEA) was established on a 
statutory basis in 1971 with core functions relating to furthering 
the development of higher education and research, advising the 
Minister for Education and Science in respect of higher education 
and research, and funding universities, NCAD, institutes of 
technology and a number of other designated institutions. 

The HEA manages the Programme for Research in Third Level 
Institutions (PRTLI) which is building a world-class research 
infrastructure. The programme provides integrated fi nancial 
support for institutional strategies, programmes and infrastructure 
and ensures that institutions have the capacity and incentives to 
formulate and implement research strategies, which will give them 
critical mass and world-level capacity in key areas of research. To 
date, €605m has been allocated to third-level institutions under 
this competitive programme.

The mission of the HEA is also to foster the development of a higher 
education sector which is accessible to all potential students and 
which is recognised internationally for the high quality of teaching, 
learning and research and which has the capacity to address the 
changing needs and challenges in our society.

One of the key elements in that strategy is the National Offi ce 
for Equity of Access to Higher Education in promoting access 
to higher education from sectors of society which are at present 
under-represented. 

The work of the HEA has an important international dimension 
and the Authority works with the European Commission, with 
colleagues in the other member states and with a number of 
international organisations, among them the OECD, UNESCO and 
the Bologna Process. 

A vibrant higher-education and research sector is a central 
element in our development as a society, including economic 
development. It is key to the development of people and to their 
capacity to achieve their potential. The HEA in partnership with 
the other stakeholders is building a higher education sector that 
aims to be among the best in the world.

If R2 is a variable resistor (instead of a fi xed-value resistor) then the output 
voltage will be proportional to its value. Such a voltage divider could be 
used to monitor the rotation of an axle or the movement of a lever.

Simple electronic sensors
Thermistors are resistors whose 
resistance changes with temperature. 
If a thermistor is used a part of a 
potential divider then the output 
voltage will vary as the temperature 
changes – though not usually 
proportionately. Such a potential 
divider acts as an electronic sensor; 
its output voltage represents 
an environmental variable and can 
be used to measure it once it is 
suitably calibrated. 

In a similar way a light sensor 
can be made by using a light 
dependent resistor (LDR) as one half 
of a voltage divider.  

Transducers
Transducers convert one form of 
energy into another for monitoring 
or control purposes. For example, 
the input to an electric motor is 
electrical energy and the output 
is rotational energy. A microphone 
converts sound energy into 
electrical energy and a speaker 
converts electrical energy into 
sound energy. In fact speakers 
and microphones have essentially 
the same three parts and illustrate 
the fact than many transducers can 
work in reverse; e.g. electric motors 
can act as electric generators. Note that, in contrast to potential dividers, 
these devices can actually produce a voltage although in some cases (e.g. 
a microphone) the voltage may be only a few millivolts. 

Chemical sensors
Sensors for temperature or 
brightness are relatively simple. 
Chemical sensors are considerably 
more complex and include pH and 
dissolved oxygen probes. Today 
sensors for many specifi c ions are 
available.

Sensors and motes
One of the main advantages of using electronic sensors is that 
environmental variables can be monitored remotely and automatically. 
Remote monitoring (e.g. in industrial process control) generally involves 
the installation of wires between the sensors and a control centre.

You can fi nd out more about the work of the Higher 
Education Authority (HEA) at www.hea.ie or at 
www.sta.ie
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Fig. 2  Bimetallic strip
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The potential divider
The operational principle of many electronic sensors is the potential 
divider (voltage divider). Essentially this consists of two resistors in 
series; the electric potential (voltage) applied across the pair is halved if 
the two resistors are exactly equal. Unequal resistors will split the voltage 
unequally. The voltage across any of the resistors is a fraction of the voltage 
supplied to the pair. For example, if the resistance of one of the resistors 
is a tenth of the total resistance then the voltage across it will be a tenth of 
the total voltage. This can be expressed mathematically as follows: V2/V= 
R2/(R1+R2) or V2 = (V x R2)/(R1+R2) where V is the total voltage.

Fig. 4  Headphones (speakers)

Fig. 6  A typical mote 

Fig. 7  One of the DCU ecosensors 

Fig. 8  The Palm House, National Botanic Gardens, Dublin  

who are mobile or those convalescing at 
home, thus improving their quality of life.

Motes can also be used in monitoring machinery, industrial processes 
and structural elements in buildings, bridges and roads. The range 
of potential applications of these devices is enormous and some 
people believe such devices will in the future become commonplace 
components in the workplace and in the home.

Other applications
The monitoring of patients’ conditions in hospitals generally takes the 
form of staff visits to each patient at regular intervals to measure and 
record their temperatures and generally to provide personal contact. In 
the case of severely ill or injured patients whose temperature, breathing, 
heart rate, blood pressure etc. must be constantly monitored electronic 
sensors are also employed. 

Wearable motes are now being developed that incorporate some of these 
functions. Such devices could be used to monitor the condition of patients 

Fig. 1  Jug kettle

Fig. 3  A potential divider
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Fig. 5  A pH probe

Syllabus Reference

Junior Certifi cate Technology

Electric Circuits
Use of instruments to test continuity, to measure current, voltage, 
resistance
Simple circuits incorporating a range of simple devices e.g. bulbs, 

buzzers, switches

Electronic Systems
Input sensors to include switches, light, sound, heat etc.
Process units to include decision making (digital logic), amplifi cation, 
switching, time delay

Output to include light, sound, heat, motion

Robotics
The extension of electronic and pneumatic systems to include memory in 
the process stage leading to controlled motion at the output. Use of the 
computer to provide control.

Learning Objectives

Having completed this lesson the student should be able to:

• Understand what sensors are

• Explain what a voltage divider is and how to calculate its output voltage

•  Understand how a basic voltage divider can be modifi ed to make 
a sensor

• Describe the structure of a temperature sensor or a light sensor

•  Give some examples of transducers and explain how transducers differ 
from voltage dividers

• Describe the basic operation of a mote-based ad hoc network

• Suggest new potential uses for motes.

General Learning Points

• Simple sensors are easily constructed using just two components.

•  The output from a sensor can be inverted by swapping R1 and R2 (the 
LDR, thermistor etc.). 

•  The output voltage is measured across R2. This ensures that 
all voltages are measured relative to the zero volt line of the 
power supply.

•  Transducers can be used as sensor elements. They differ from 
potential dividers in that they do not need to be powered (by a battery 
or other voltage source); they can generate a voltage by converting 
some form of energy (such as sound, light or mechanical work) into 
electrical energy.

•  Motes are based on small low-cost, single-chip computers, have their 
own built-in operating systems and are able to communicate wirelessly 
with other motes that are within range. 

Practical Activities

Simple voltage divider

Make up a simple circuit with a battery, crocodile clips and two identical 
resistors in series (e.g. 1000 ohms each). Measure the voltage across the 
pair and then the voltage across each one. The battery voltage should be 
divided evenly across the resistors.

Another voltage divider

Repeat the above activity but with two unequal resistors. Label the 
resistors R1 and R2. Confi rm that the voltage across R2 is equal to (V x 
R2)/(R1+R2).

A simple sensor

Repeat the above activity but replace R2 with a light dependent resistor 
(LDR). Attach a voltmeter across the LDR. Note how the voltage varies 
from near zero (in bright conditions) to near the battery voltage (when 
the LDR is in the dark or well covered). Reverse the battery (or swap the 
positions or R1 and the LDR) and monitor the voltage across R1. In what 
way is this arrangement better?

True or False

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

(a)  A temperature sensor produces heat. T  F

(b)   An LDR is a resistor whose resistance depends on how brightly 
it is illuminated.  T  F

(c)  Remote monitoring is not necessarily wireless.  T  F

(d)  A microphone measures sound. T  F

(e)   A voltage divider splits a voltage in the same ratio as the 
resistors of which it is composed.  T  F

(f)  A bimetallic strip conducts electricity only when it is cold. T  F

(g)  Air expands when heated but metals do not. T  F

(h)  An ad hoc network is a network that is connected to the Internet. T  F

(i)  A mote contains a single-chip computer. T  F

(j)  A transducer is the same thing as a sensor. T  F

(k)  Motes were invented by Newton. T  F

(l)   Motes are used in the Botanic Gardens to ensure that the 
pressure in the glass houses remains constant. T  F

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

Examination Questions   

Junior Certifi cate 2005, Technology - Higher
Section B, Question 2
(concerning the design and function of two different potential dividers)
Section C, Question 4
(concerning robotics, remote control, sensor feedback in relation to the 
Mars Lander)

Junior Certifi cate 2004, Technology - Higher
A student is required to produce a circuit which will turn on a water pump 
when low water levels are detected by a sensor.
 The components listed below are available to construct the circuit.

LED Sensor Transistor, Resistor 2K2, Resistor 330R, Motor (pump), 
Variable resistor, 9V battery

1.  Using the sensor and the variable resistor, sketch the circuit diagram for 
the potential divider required in this circuit.

2. Name and explain your choice of material for the sensor.
3. Explain why a variable resistor is used in the potential divider.
4.  Indicate clearly which pins on the variable resistor should be used in 

the potential divider.

Junior Certifi cate 2001, Technology - Higher
Section B, Question 2
(concerning the design and operation of a temperature alarm: an 
incomplete circuit diagram was given and students were expected to 
complete it and explain how it functioned.)

2001 Junior Certifi cate Technology Higher Level
The sketch shows a circuit for a high temperature alarm. 
(i) Identify the components ‘X’ any ‘Y’
 State the purpose of component ‘Y’ in the circuit.

•  Motes can automatically set up an ad hoc wireless communication 
network with other motes that are within range (10–100 m, depending 
on the type of mote used).

•  A mote-based environmental monitoring system is in operation in 
the Botanic Gardens, Dublin. The data is accessible on an associated 
website.

S1

Z

+9 V

Y

R

0 V

X

 Why is a transistor used in this circuit?
 How can the cathode of the LED be correctly identifi ed?

(ii)  If the maximum permitted current for the LED is 0.02 A, show how to 
calculate the value of the resistor ‘R’ required for the circuit.

 Which of the following values should be used for resistor ‘R’?
  270 Ω, 330 Ω, 390 Ω, 470 Ω, 560 Ω,
  The fourth band in a resistor is either silver or gold. What does the 

colour of this band indicate?

(iii)  Name and sketch the symbol for the component which should be 
located at ‘Z’. 

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

Did You Know?

•  The invention of the battery by Alessandro Volta in 1800 provided 
curious experimenters with a source of steady electric current 
whose properties they explored. During the 19th century much of the 
basic theory of electricity was developed and many applications of 
electricity were invented: electromagnet (1820), electric motor (1821), 
theory of electricity generation (1831), electric light (1878), fi rst power 
station (1879), fi rst hydroelectric power station (1882), fi rst alternating 
current generator (1888), electricity distribution system (1893), electric 
vacuum cleaner and washing machine (1903). All these devices are 
classed as electric.

•  The invention of the diode in 1904 could be described as the beginning 
of electronics. Unlike wires, electric lights and electromagnets, 
diodes conducts electricity in one direction only and their operation 
cannot be adequately explained except in terms of electrons. Another 
development along the same lines, the triode, enables weak signals 
to be amplifi ed. These vacuum tube diodes and triodes (or ‘valves’ as 
they were called) were the building blocks of electronics for about fi fty 
years.

•  Solid-state semiconductor devices began to replace valves in the 
1950s—crystal diodes at fi rst and transistors some years later. In the 
1960s the fi rst integrated circuits came on the market and in 1972 the 
fi rst commercial microprocessor chip was released.

•  Although the distinction between electric and electronic devices is not 
sharp, the word electronic is nowadays usually reserved for devices 
whose operation depends on solid-state semiconductors. On this 
basis an ordinary electric lamp is ‘electric’ but it could be argued that 
a CFL lamp is ‘electronic’.

•  Transistors are the active components in many ‘transistorised’ devices 
such as radios, tape recorders, etc. Increasingly they are integrated 
into more complex ‘chips’. The transistor is the solid state successor 
to the triode valve and following its invention it gradually replaced the 
vacuum tube in most applications. The invention is usually attributed 
to William Shockley, John Bardeen and Walter Brattain who in 1947 
produced the fi rst practical transistor device. However similar devices 
had been described in 1928 and 1934 but it seems that they were not 
manufactured. In contrast to the triode, the transistor is a solid device 
and its invention marked the beginning of solid-state physics.Today 
transistors are the basic subunits in most integrated circuits (ICs or 
‘chips’) including microprocessors.

Revise the Terms

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

Electricity; electric circuit; current; voltage; battery; switch; 
automatic; sensor; component; thermostat; bimetallic strip; 
temperature; pressure; humidity; potential divider; in series; 
resistor; resistance; electronic; thermistor; LDR; calibrate; speaker; 
microphone; electric motor; electric generator; transducer; volt; 
millivolt; computer; operating system; computer network; ad hoc 
network; mote; wireless communication; pH probe; chemical 
sensor

Check the Glossary of Terms for this lesson at www.sta.ie
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Today the use of wireless 
technology in conjunction with 
specialised single-chip computers 
greatly facilitates data collection 
and transmission. 

These battery-powered motes are 
internally very sophisticated but are 
designed to be easy to use. They are 
typically palm-sized although much 
smaller ones are also available. 
They contain tiny computers with 
their own built-in operating system 
and the ability to communicate 
with one another to establish 
‘intelligent’ data networks. Motes 
have a wireless communication 
range of 10 m to about 100 m; the 
larger range requires more power. 
Sensor modules can be added as 
required. Data that are collected 
at predetermined intervals, or at 
specifi c times, are transmitted 
through the network elements to a 
main computer or controller. 

An educational project led by the National Centre for Sensor Research 
(NCSR) in DCU employs this technology (www.ecosensorweb.dcu.
ie) and involves the remote monitoring of light, temperature, humidity 
and pressure in a number of the specialised glasshouses in the Botanic 
Gardens. The recorded data is presented on the website and may be 
downloaded for further processing.

Many domestic devices contain sensors—devices that 
detect some change and usually trigger some result. When 
you open the door of a refrigerator a lamp lights automatically. 
In this case the sensor is a simple switch that is located on 
the hinge side of the door. When the water in a jug kettle 
comes to the boil the kettle switches off automatically. When 
a temperature sensor located in the handle is heated by 
the steam it switches off the electricity. In this lesson we 
will examine the basic structure and function of electronic 
sensors and how they can be used for remote monitoring.

Physical sensors
The operational component of 
the switch in a jug kettle and of 
the thermostats used in many 
electric heaters and cookers is a 
bimetallic strip. Metals expand when 
they are heated but not all by the 
same amount. A bimetallic strip is 
composed of two different metals 
bonded together along their length. 
When it is heated it bends and when 
it cools it returns to its original shape. 
When the bimetallic strip moves it can 
physically push a switch, changing 
its state. 

Many sensors in common use 
produce some physical movement in response to an environmental 
change in position (door alarm), temperature (thermostat), pressure 
(washing machine) or humidity (tumble dryer). Increasingly however, 
environmental sensors are electronic; they provide a range of outputs 
(not just on/off) and are more easily linked to data-monitoring and 
recording systems.

The Higher Education Authority (HEA) was established on a 
statutory basis in 1971 with core functions relating to furthering 
the development of higher education and research, advising the 
Minister for Education and Science in respect of higher education 
and research, and funding universities, NCAD, institutes of 
technology and a number of other designated institutions. 

The HEA manages the Programme for Research in Third Level 
Institutions (PRTLI) which is building a world-class research 
infrastructure. The programme provides integrated fi nancial 
support for institutional strategies, programmes and infrastructure 
and ensures that institutions have the capacity and incentives to 
formulate and implement research strategies, which will give them 
critical mass and world-level capacity in key areas of research. To 
date, €605m has been allocated to third-level institutions under 
this competitive programme.

The mission of the HEA is also to foster the development of a higher 
education sector which is accessible to all potential students and 
which is recognised internationally for the high quality of teaching, 
learning and research and which has the capacity to address the 
changing needs and challenges in our society.

One of the key elements in that strategy is the National Offi ce 
for Equity of Access to Higher Education in promoting access 
to higher education from sectors of society which are at present 
under-represented. 

The work of the HEA has an important international dimension 
and the Authority works with the European Commission, with 
colleagues in the other member states and with a number of 
international organisations, among them the OECD, UNESCO and 
the Bologna Process. 

A vibrant higher-education and research sector is a central 
element in our development as a society, including economic 
development. It is key to the development of people and to their 
capacity to achieve their potential. The HEA in partnership with 
the other stakeholders is building a higher education sector that 
aims to be among the best in the world.

If R2 is a variable resistor (instead of a fi xed-value resistor) then the output 
voltage will be proportional to its value. Such a voltage divider could be 
used to monitor the rotation of an axle or the movement of a lever.

Simple electronic sensors
Thermistors are resistors whose 
resistance changes with temperature. 
If a thermistor is used a part of a 
potential divider then the output 
voltage will vary as the temperature 
changes – though not usually 
proportionately. Such a potential 
divider acts as an electronic sensor; 
its output voltage represents 
an environmental variable and can 
be used to measure it once it is 
suitably calibrated. 

In a similar way a light sensor 
can be made by using a light 
dependent resistor (LDR) as one half 
of a voltage divider.  

Transducers
Transducers convert one form of 
energy into another for monitoring 
or control purposes. For example, 
the input to an electric motor is 
electrical energy and the output 
is rotational energy. A microphone 
converts sound energy into 
electrical energy and a speaker 
converts electrical energy into 
sound energy. In fact speakers 
and microphones have essentially 
the same three parts and illustrate 
the fact than many transducers can 
work in reverse; e.g. electric motors 
can act as electric generators. Note that, in contrast to potential dividers, 
these devices can actually produce a voltage although in some cases (e.g. 
a microphone) the voltage may be only a few millivolts. 

Chemical sensors
Sensors for temperature or 
brightness are relatively simple. 
Chemical sensors are considerably 
more complex and include pH and 
dissolved oxygen probes. Today 
sensors for many specifi c ions are 
available.

Sensors and motes
One of the main advantages of using electronic sensors is that 
environmental variables can be monitored remotely and automatically. 
Remote monitoring (e.g. in industrial process control) generally involves 
the installation of wires between the sensors and a control centre.

You can fi nd out more about the work of the Higher 
Education Authority (HEA) at www.hea.ie or at 
www.sta.ie
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Fig. 2  Bimetallic strip
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The potential divider
The operational principle of many electronic sensors is the potential 
divider (voltage divider). Essentially this consists of two resistors in 
series; the electric potential (voltage) applied across the pair is halved if 
the two resistors are exactly equal. Unequal resistors will split the voltage 
unequally. The voltage across any of the resistors is a fraction of the voltage 
supplied to the pair. For example, if the resistance of one of the resistors 
is a tenth of the total resistance then the voltage across it will be a tenth of 
the total voltage. This can be expressed mathematically as follows: V2/V= 
R2/(R1+R2) or V2 = (V x R2)/(R1+R2) where V is the total voltage.

Fig. 4  Headphones (speakers)

Fig. 6  A typical mote 

Fig. 7  One of the DCU ecosensors 

Fig. 8  The Palm House, National Botanic Gardens, Dublin  

who are mobile or those convalescing at 
home, thus improving their quality of life.

Motes can also be used in monitoring machinery, industrial processes 
and structural elements in buildings, bridges and roads. The range 
of potential applications of these devices is enormous and some 
people believe such devices will in the future become commonplace 
components in the workplace and in the home.

Other applications
The monitoring of patients’ conditions in hospitals generally takes the 
form of staff visits to each patient at regular intervals to measure and 
record their temperatures and generally to provide personal contact. In 
the case of severely ill or injured patients whose temperature, breathing, 
heart rate, blood pressure etc. must be constantly monitored electronic 
sensors are also employed. 

Wearable motes are now being developed that incorporate some of these 
functions. Such devices could be used to monitor the condition of patients 

Fig. 1  Jug kettle

Fig. 3  A potential divider
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Fig. 5  A pH probe

Today the use of wireless 
technology in conjunction with 
specialised single-chip computers 
greatly facilitates data collection 
and transmission. 

These battery-powered motes are 
internally very sophisticated but are 
designed to be easy to use. They are 
typically palm-sized although much 
smaller ones are also available. 
They contain tiny computers with 
their own built-in operating system 
and the ability to communicate 
with one another to establish 
‘intelligent’ data networks. Motes 
have a wireless communication 
range of 10 m to about 100 m; the 
larger range requires more power. 
Sensor modules can be added as 
required. Data that are collected 
at predetermined intervals, or at 
specifi c times, are transmitted 
through the network elements to a 
main computer or controller. 

An educational project led by the National Centre for Sensor Research 
(NCSR) in DCU employs this technology (www.ecosensorweb.dcu.
ie) and involves the remote monitoring of light, temperature, humidity 
and pressure in a number of the specialised glasshouses in the Botanic 
Gardens. The recorded data is presented on the website and may be 
downloaded for further processing.

Many domestic devices contain sensors—devices that 
detect some change and usually trigger some result. When 
you open the door of a refrigerator a lamp lights automatically. 
In this case the sensor is a simple switch that is located on 
the hinge side of the door. When the water in a jug kettle 
comes to the boil the kettle switches off automatically. When 
a temperature sensor located in the handle is heated by 
the steam it switches off the electricity. In this lesson we 
will examine the basic structure and function of electronic 
sensors and how they can be used for remote monitoring.

Physical sensors
The operational component of 
the switch in a jug kettle and of 
the thermostats used in many 
electric heaters and cookers is a 
bimetallic strip. Metals expand when 
they are heated but not all by the 
same amount. A bimetallic strip is 
composed of two different metals 
bonded together along their length. 
When it is heated it bends and when 
it cools it returns to its original shape. 
When the bimetallic strip moves it can 
physically push a switch, changing 
its state. 

Many sensors in common use 
produce some physical movement in response to an environmental 
change in position (door alarm), temperature (thermostat), pressure 
(washing machine) or humidity (tumble dryer). Increasingly however, 
environmental sensors are electronic; they provide a range of outputs 
(not just on/off) and are more easily linked to data-monitoring and 
recording systems.

The Higher Education Authority (HEA) was established on a 
statutory basis in 1971 with core functions relating to furthering 
the development of higher education and research, advising the 
Minister for Education and Science in respect of higher education 
and research, and funding universities, NCAD, institutes of 
technology and a number of other designated institutions. 

The HEA manages the Programme for Research in Third Level 
Institutions (PRTLI) which is building a world-class research 
infrastructure. The programme provides integrated fi nancial 
support for institutional strategies, programmes and infrastructure 
and ensures that institutions have the capacity and incentives to 
formulate and implement research strategies, which will give them 
critical mass and world-level capacity in key areas of research. To 
date, €605m has been allocated to third-level institutions under 
this competitive programme.

The mission of the HEA is also to foster the development of a higher 
education sector which is accessible to all potential students and 
which is recognised internationally for the high quality of teaching, 
learning and research and which has the capacity to address the 
changing needs and challenges in our society.

One of the key elements in that strategy is the National Offi ce 
for Equity of Access to Higher Education in promoting access 
to higher education from sectors of society which are at present 
under-represented. 

The work of the HEA has an important international dimension 
and the Authority works with the European Commission, with 
colleagues in the other member states and with a number of 
international organisations, among them the OECD, UNESCO and 
the Bologna Process. 

A vibrant higher-education and research sector is a central 
element in our development as a society, including economic 
development. It is key to the development of people and to their 
capacity to achieve their potential. The HEA in partnership with 
the other stakeholders is building a higher education sector that 
aims to be among the best in the world.

If R2 is a variable resistor (instead of a fi xed-value resistor) then the output 
voltage will be proportional to its value. Such a voltage divider could be 
used to monitor the rotation of an axle or the movement of a lever.

Simple electronic sensors
Thermistors are resistors whose 
resistance changes with temperature. 
If a thermistor is used a part of a 
potential divider then the output 
voltage will vary as the temperature 
changes – though not usually 
proportionately. Such a potential 
divider acts as an electronic sensor; 
its output voltage represents 
an environmental variable and can 
be used to measure it once it is 
suitably calibrated. 

In a similar way a light sensor 
can be made by using a light 
dependent resistor (LDR) as one half 
of a voltage divider.  

Transducers
Transducers convert one form of 
energy into another for monitoring 
or control purposes. For example, 
the input to an electric motor is 
electrical energy and the output 
is rotational energy. A microphone 
converts sound energy into 
electrical energy and a speaker 
converts electrical energy into 
sound energy. In fact speakers 
and microphones have essentially 
the same three parts and illustrate 
the fact than many transducers can 
work in reverse; e.g. electric motors 
can act as electric generators. Note that, in contrast to potential dividers, 
these devices can actually produce a voltage although in some cases (e.g. 
a microphone) the voltage may be only a few millivolts. 

Chemical sensors
Sensors for temperature or 
brightness are relatively simple. 
Chemical sensors are considerably 
more complex and include pH and 
dissolved oxygen probes. Today 
sensors for many specifi c ions are 
available.

Sensors and motes
One of the main advantages of using electronic sensors is that 
environmental variables can be monitored remotely and automatically. 
Remote monitoring (e.g. in industrial process control) generally involves 
the installation of wires between the sensors and a control centre.

You can fi nd out more about the work of the Higher 
Education Authority (HEA) at www.hea.ie or at 
www.sta.ie
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Fig. 2  Bimetallic strip
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The potential divider
The operational principle of many electronic sensors is the potential 
divider (voltage divider). Essentially this consists of two resistors in 
series; the electric potential (voltage) applied across the pair is halved if 
the two resistors are exactly equal. Unequal resistors will split the voltage 
unequally. The voltage across any of the resistors is a fraction of the voltage 
supplied to the pair. For example, if the resistance of one of the resistors 
is a tenth of the total resistance then the voltage across it will be a tenth of 
the total voltage. This can be expressed mathematically as follows: V2/V= 
R2/(R1+R2) or V2 = (V x R2)/(R1+R2) where V is the total voltage.

Fig. 4  Headphones (speakers)

Fig. 6  A typical mote 

Fig. 7  One of the DCU ecosensors 

Fig. 8  The Palm House, National Botanic Gardens, Dublin  

who are mobile or those convalescing at 
home, thus improving their quality of life.

Motes can also be used in monitoring machinery, industrial processes 
and structural elements in buildings, bridges and roads. The range 
of potential applications of these devices is enormous and some 
people believe such devices will in the future become commonplace 
components in the workplace and in the home.

Other applications
The monitoring of patients’ conditions in hospitals generally takes the 
form of staff visits to each patient at regular intervals to measure and 
record their temperatures and generally to provide personal contact. In 
the case of severely ill or injured patients whose temperature, breathing, 
heart rate, blood pressure etc. must be constantly monitored electronic 
sensors are also employed. 

Wearable motes are now being developed that incorporate some of these 
functions. Such devices could be used to monitor the condition of patients 

Fig. 1  Jug kettle

Fig. 3  A potential divider

V

R1

R2
V2

0V

Fig. 5  A pH probe

Syllabus Reference

Junior Certifi cate Technology

Electric Circuits
Use of instruments to test continuity, to measure current, voltage, 
resistance
Simple circuits incorporating a range of simple devices e.g. bulbs, 

buzzers, switches

Electronic Systems
Input sensors to include switches, light, sound, heat etc.
Process units to include decision making (digital logic), amplifi cation, 
switching, time delay

Output to include light, sound, heat, motion

Robotics
The extension of electronic and pneumatic systems to include memory in 
the process stage leading to controlled motion at the output. Use of the 
computer to provide control.

Learning Objectives

Having completed this lesson the student should be able to:

• Understand what sensors are

• Explain what a voltage divider is and how to calculate its output voltage

•  Understand how a basic voltage divider can be modifi ed to make 
a sensor

• Describe the structure of a temperature sensor or a light sensor

•  Give some examples of transducers and explain how transducers differ 
from voltage dividers

• Describe the basic operation of a mote-based ad hoc network

• Suggest new potential uses for motes.

General Learning Points

• Simple sensors are easily constructed using just two components.

•  The output from a sensor can be inverted by swapping R1 and R2 (the 
LDR, thermistor etc.). 

•  The output voltage is measured across R2. This ensures that 
all voltages are measured relative to the zero volt line of the 
power supply.

•  Transducers can be used as sensor elements. They differ from 
potential dividers in that they do not need to be powered (by a battery 
or other voltage source); they can generate a voltage by converting 
some form of energy (such as sound, light or mechanical work) into 
electrical energy.

•  Motes are based on small low-cost, single-chip computers, have their 
own built-in operating systems and are able to communicate wirelessly 
with other motes that are within range. 

Practical Activities

Simple voltage divider

Make up a simple circuit with a battery, crocodile clips and two identical 
resistors in series (e.g. 1000 ohms each). Measure the voltage across the 
pair and then the voltage across each one. The battery voltage should be 
divided evenly across the resistors.

Another voltage divider

Repeat the above activity but with two unequal resistors. Label the 
resistors R1 and R2. Confi rm that the voltage across R2 is equal to (V x 
R2)/(R1+R2).

A simple sensor

Repeat the above activity but replace R2 with a light dependent resistor 
(LDR). Attach a voltmeter across the LDR. Note how the voltage varies 
from near zero (in bright conditions) to near the battery voltage (when 
the LDR is in the dark or well covered). Reverse the battery (or swap the 
positions or R1 and the LDR) and monitor the voltage across R1. In what 
way is this arrangement better?

True or False

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

(a)  A temperature sensor produces heat. T  F

(b)   An LDR is a resistor whose resistance depends on how brightly 
it is illuminated.  T  F

(c)  Remote monitoring is not necessarily wireless.  T  F

(d)  A microphone measures sound. T  F

(e)   A voltage divider splits a voltage in the same ratio as the 
resistors of which it is composed.  T  F

(f)  A bimetallic strip conducts electricity only when it is cold. T  F

(g)  Air expands when heated but metals do not. T  F

(h)  An ad hoc network is a network that is connected to the Internet. T  F

(i)  A mote contains a single-chip computer. T  F

(j)  A transducer is the same thing as a sensor. T  F

(k)  Motes were invented by Newton. T  F

(l)   Motes are used in the Botanic Gardens to ensure that the 
pressure in the glass houses remains constant. T  F

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

Examination Questions   

Junior Certifi cate 2005, Technology - Higher
Section B, Question 2
(concerning the design and function of two different potential dividers)
Section C, Question 4
(concerning robotics, remote control, sensor feedback in relation to the 
Mars Lander)

Junior Certifi cate 2004, Technology - Higher
A student is required to produce a circuit which will turn on a water pump 
when low water levels are detected by a sensor.
 The components listed below are available to construct the circuit.

LED Sensor Transistor, Resistor 2K2, Resistor 330R, Motor (pump), 
Variable resistor, 9V battery

1.  Using the sensor and the variable resistor, sketch the circuit diagram for 
the potential divider required in this circuit.

2. Name and explain your choice of material for the sensor.
3. Explain why a variable resistor is used in the potential divider.
4.  Indicate clearly which pins on the variable resistor should be used in 

the potential divider.

Junior Certifi cate 2001, Technology - Higher
Section B, Question 2
(concerning the design and operation of a temperature alarm: an 
incomplete circuit diagram was given and students were expected to 
complete it and explain how it functioned.)

2001 Junior Certifi cate Technology Higher Level
The sketch shows a circuit for a high temperature alarm. 
(i) Identify the components ‘X’ any ‘Y’
 State the purpose of component ‘Y’ in the circuit.

•  Motes can automatically set up an ad hoc wireless communication 
network with other motes that are within range (10–100 m, depending 
on the type of mote used).

•  A mote-based environmental monitoring system is in operation in 
the Botanic Gardens, Dublin. The data is accessible on an associated 
website.

S1

Z

+9 V

Y

R

0 V

X

 Why is a transistor used in this circuit?
 How can the cathode of the LED be correctly identifi ed?

(ii)  If the maximum permitted current for the LED is 0.02 A, show how to 
calculate the value of the resistor ‘R’ required for the circuit.

 Which of the following values should be used for resistor ‘R’?
  270 Ω, 330 Ω, 390 Ω, 470 Ω, 560 Ω,
  The fourth band in a resistor is either silver or gold. What does the 

colour of this band indicate?

(iii)  Name and sketch the symbol for the component which should be 
located at ‘Z’. 

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

Did You Know?

•  The invention of the battery by Alessandro Volta in 1800 provided 
curious experimenters with a source of steady electric current 
whose properties they explored. During the 19th century much of the 
basic theory of electricity was developed and many applications of 
electricity were invented: electromagnet (1820), electric motor (1821), 
theory of electricity generation (1831), electric light (1878), fi rst power 
station (1879), fi rst hydroelectric power station (1882), fi rst alternating 
current generator (1888), electricity distribution system (1893), electric 
vacuum cleaner and washing machine (1903). All these devices are 
classed as electric.

•  The invention of the diode in 1904 could be described as the beginning 
of electronics. Unlike wires, electric lights and electromagnets, 
diodes conducts electricity in one direction only and their operation 
cannot be adequately explained except in terms of electrons. Another 
development along the same lines, the triode, enables weak signals 
to be amplifi ed. These vacuum tube diodes and triodes (or ‘valves’ as 
they were called) were the building blocks of electronics for about fi fty 
years.

•  Solid-state semiconductor devices began to replace valves in the 
1950s—crystal diodes at fi rst and transistors some years later. In the 
1960s the fi rst integrated circuits came on the market and in 1972 the 
fi rst commercial microprocessor chip was released.

•  Although the distinction between electric and electronic devices is not 
sharp, the word electronic is nowadays usually reserved for devices 
whose operation depends on solid-state semiconductors. On this 
basis an ordinary electric lamp is ‘electric’ but it could be argued that 
a CFL lamp is ‘electronic’.

•  Transistors are the active components in many ‘transistorised’ devices 
such as radios, tape recorders, etc. Increasingly they are integrated 
into more complex ‘chips’. The transistor is the solid state successor 
to the triode valve and following its invention it gradually replaced the 
vacuum tube in most applications. The invention is usually attributed 
to William Shockley, John Bardeen and Walter Brattain who in 1947 
produced the fi rst practical transistor device. However similar devices 
had been described in 1928 and 1934 but it seems that they were not 
manufactured. In contrast to the triode, the transistor is a solid device 
and its invention marked the beginning of solid-state physics.Today 
transistors are the basic subunits in most integrated circuits (ICs or 
‘chips’) including microprocessors.

Revise the Terms

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

Electricity; electric circuit; current; voltage; battery; switch; 
automatic; sensor; component; thermostat; bimetallic strip; 
temperature; pressure; humidity; potential divider; in series; 
resistor; resistance; electronic; thermistor; LDR; calibrate; speaker; 
microphone; electric motor; electric generator; transducer; volt; 
millivolt; computer; operating system; computer network; ad hoc 
network; mote; wireless communication; pH probe; chemical 
sensor

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