
Introduction
The rapid growth in communications technology has made remote patient 
monitoring (RPM) much easier to implement. Sensors on the patient’s 
body can measure variables such as temperature and heart rate. The 
sensors can be linked to a portable processing device or to a mobile 
phone and the readings transmitted via WiFi or a mobile phone network 
to a remote server in a hospital or monitoring centre. The server stores 
the readings and can alert medical personnel when unexpected readings 
are obtained. 

In this way patients who do not need constant medical care can be 
monitored in their own home. This frees up hospital beds and decreases 
the overall healthcare costs. However, despite all that can be done, the 
implementation of RPM is still in its infancy.

Patients with chronic conditions
The quality of life of patients with long term or chronic conditions is 
generally much greater if they can stay in their own home rather than in 
hospital. They maintain contact more easily with family and friends and 
have a greater degree of freedom. With the benefi t of RPM (remote 
patient monitoring) it is possible to quickly advise the patient or family 
members on what action to take if a problem arises. So, rather than 
the delay and inconvenience involved in getting to A&E (Accident and 
Emergency) and waiting in line for attention, normality can be restored 
in an effective and timely manner. Even if hospitalisation is required, the 
earlier action is likely to reduce the length of stay and to speed recovery. 

Another benefi t of RPM is that patients learn to anticipate problems and 
take preventive measures. This gives them more control of their situation, 
while knowing that help and advice are on hand when needed.

What does RPM involve?
For RPM to become a reality the following are required:

• RPM infrastructure at a hospital/medical centre with monitoring 
equipment, secure data storage, up-to-date RPM software etc.

• medical personnel with a wide range of skill in remote monitoring 
of patients, diagnosing problems and responding with appropriate 
action or advice

• a reliable communications infrastructure — Internet or mobile 
phone — with sufficient bandwidth to cope with the extra data 
involved in RPM and video phone calls and conferencing

• patients and GPs (General Practitioners) willing to use RPM.
There also needs to be a clear benefi t in terms of improved patient care 
without excessive cost and preferably with no extra cost.

Wireless sensors
A person’s temperature can be measured using a thermometer. The 
process may be simple but it is not automatic and the person using the 
thermometer may read it incorrectly. It would be entirely impractical to 
require a patient (or carer) to regularly read their temperature and then 
make a phone call to update a doctor on the patient’s condition. What is 
needed is some kind of wireless sensor that operates automatically at 
regular intervals and uploads the readings as required or when there is 
an unexpected change in temperature. In practice RPM involves the use 
of several sensors measuring such variables as body temperature, heart 
rate, position, blood pressure and many more.

Structure of a temperature sensor
In order to get a clearer idea of how sensors work we’ll fi rst consider the 
structure of a temperature sensor.

Electronic sensors generally produce a voltage that varies with the 
property being measured. One way to do this is to use a thermistor 
as part of a voltage divider. The basic circuit is shown in the diagram 
below. It consists of just two components: a thermistor and a resistor. 

In the diagram the thermistor is labelled R1 while 
R2 is a fi xed value resistor.  If R1 = R2 then the 
output voltage (Vout) is exactly half the input 
voltage (Vin). The output voltage depends on 
what fraction R2 is of the total resistance 
(R1 + R2). As R1 drops in value, then R2 becomes 
a bigger fraction of the total and the output 
voltage increases proportionately. This can be 
written mathematically as follows:

 Vout = Vin × R2 / (R1+R2)

In the diagram the label -t° on the thermistor indicates that its resistance 
decreases as the temperature increases. With this circuit, therefore, the 
output voltage increases as the temperature increases. 

To detect changes in a person’s temperature this circuit would need to be 
in contact with the body under clothing and so shielded from variations in 
air temperature.

One disadvantage of this circuit is that the output depends on the input 
voltage, which would in practice be supplied by a small battery. As the 
battery begins to run down its voltage drops relatively quickly.

An alternative and inexpensive temperature sensor can be made using 
a diode. The voltage across a silicon diode varies with the absolute 
temperature. Other alternatives use small integrated circuits (ICs, 
commonly called ‘chips’) and give more reliable results, e.g. LM35. 
The output of these ICs is independent of the supply voltage.

ADCs and Bluetooth
So far the output from the sensor is an analogue voltage that varies 
in some way with temperature. It is not a ‘temperature’ and must be 
converted into a digital value so that it can be processed by a computer. 
The first step is to use what is known as an analogue to digital 
converter or ADC. The output from the ADC is typically an eight-bit or 
twelve-bit binary value.

Today small versatile single-chip microcontrollers are available for a 
few Euros.  They are programmable and many have built-in ADCs. They 
can therefore convert the analogue sensor voltage and process it in any 
desired way. Miniature Bluetooth circuits can be driven directly from 
the microcontroller and so can transmit the processed data to a nearby 
computer or smartphone. All of this circuitry, including the battery, can 
be packaged in such a way that it fits under a piece of sticking plaster or 
inside a small armband.

Other measurements
Many other measurements can be taken automatically and the results 
uploaded to the monitoring station. In recent years great progress 
has been made in developing small wearable sensors. Examples of 
these follow. 

Remote patient 
monitoring

Boston Scientifi c has supported the production of this lesson.

We are a leading innovator of medical solutions that improve 
the health of patients around the world.  Our products and 
technologies are used to diagnose or treat a wide range of 
medical conditions, including heart, digestive, pulmonary, 
vascular, urological, women’s health, and chronic pain 
conditions.  We continue to innovate in these areas and are 
extending our innovations into new geographies and high-growth 
adjacency markets.

With approximately 23,000 employees and 12 manufacturing 
facilities around the world and market presence in 100 countries, 
Boston Scientifi c is dedicated to transforming lives through 
innovative medical solutions that improve the health of patients 
around the world.

With corporate headquarters in Marlborough, Massachusetts 
and major operations in North and South America, Boston 
Scientifi c has established three key strategic sites in Ireland 
— Clonmel, Cork and Galway — employing in excess of 3,500 
employees across the broad range of activities in which the 
company is involved.

Boston Scientifi c in Clonmel

The Clonmel operation is responsible for the production of 
implantable pacemakers and defi brillators that offer life-saving 
therapy for patients suffering from cardiac arrhythmias and heart 
failure. It currently employs more than 900 people, many of 
whom specialise in a range of engineering disciplines e.g. 
Electrical, Mechanical, Biomedical, Material Science, Quality, 
R&D and Industrial along with other functional areas such 
as Supply Chain, Human Resources, Finance, Process 
Development, IT and Manufacturing. 

Boston Scientifi c Clonmel actively promotes and participates 
in the local community through initiatives such as their Schools 
Programme where BSC facilitates local students on work 
experience and sponsors a Student of the Year Award in local 
schools, culminating in an opportunity for summer work. BSC 
is actively involved in Junior Achievement activities, with over 19 
employees delivering programmes in the region.

Find out more about Boston Scientifi c at www.bostonscientifi c.com

Find this and other lessons on www.sta.ie

−
Vout

R1

R2

−t°Vin

Heart rate and blood pressure
Devices to measure blood pressure are not 
easily miniaturised. The usual type employs a 
cuff, pump and pressure meter. Although they 
can be reduced somewhat in size they are not 
suitable for continuous monitoring of patients.

ECG (Electrocardiography)
Patients recovering from heart attacks, or 
who are otherwise at risk of heart disease, 
sometimes report having intermittent 
symptoms which have gone by the time they 
get to a doctor. In such cases a portable ECG 
monitor can be used to record the electric 
potentials associated with the cardiac cycle. 
The results are stored locally for later analysis 
or may be transferred via Bluetooth to nearby 
phones or computers.

Fall detector (accelerometer)
For patients with major bone injuries a fall 
may have serious consequences, especially 
if they are on their own. An accelerometer 
can detect changes in motion and trigger 
an alarm if the acceleration involved is high, 
as in a fall. Many mobile phones contain 
accelerometers and medical apps can now 
make use of them.

Blood glucose level
For people with diabetes this measurement 
is a vital component of the treatment of the 
disease. They measure and record the level 
several times a day. The test involves placing 
a drop of blood on a special sensor. 
The proper treatment of diabetes is dependent 
on the proper keeping of records of how blood 
sugar levels vary.
A contact lens has recently been developed 
that incorporates a tiny sensor to measure 
the glucose level in tears (and by extension 
in blood) once every second! The data is sent 
wirelessly to a receiving device.

Benefi ts of RPM
While telehealth may be more widely available, RPM is restricted to those 
who have been provided with the necessary equipment. For those who do 
not need hospitalisation RPM has the following benefi ts:

• It provides reassurance to the patient that action will be taken 
if some emergency arises.

• Fast medical intervention saves lives and speeds recovery.
• It costs less than hospitalisation. 

Mobile phone technology has become almost universal and its application 
in health services has enormous potential and is only just beginning.
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Syllabus References
The main syllabus references for the lesson are:

Leaving Certifi cate Technology (p. 30)

• Data Communications and Computer Networks: ... Local Area 
Networks (LANs)

• The Internet: incorporate security features when uploading and 
downloading fi les by remote access.

Leaving Certifi cate Biology (pp. 30–35)

• Simple understanding of heartbeat and its control, pulse and 
blood pressure. The breathing system in the human.

Leaving Certifi cate Physics (p. 36)

• Electricity: resistance, thermistor, voltage (potential difference), 
potential divider. 

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

Student Activities
Investigating the potential divider
The potential divider is a very simple arrangement 
of resistors but it has wide ranging application 
in electronics. 

For these investigations you will need a battery 
(e.g. a 6V battery), some resistors, a thermistor or 
a variable resistor and a digital voltmeter.

1. Set up the fi rst circuit using two 1 kΩ resistors 
or indeed any two identical resistors. Connect 
the + terminal of the battery to Vout and the 
negative terminal to −. Measure and record the 
battery voltage carefully. Then measure the 
output voltage (Vout). 
If the two resistors are equal then the output 
voltage will be exactly half the input voltage.

2. Change the top resistor from 1 kΩ to 2 kΩ 
and repeat the procedure described above.
You should fi nd that the output voltage will 
be one third of the input voltage, i.e.
Vout =  Vout (1000/(1000+2000))
If you used other values then you should 
be able to calculate the output voltage.

3. Replace the 2 kΩ resistor with a thermistor and repeat the 
procedure described above.
Connect the voltmeter across the 1 kΩ resistor (i.e. V out)
Observe the reading. Now warm the thermistor by holding it with 
your fi ngers and observe the change in the reading.

Note: Digital multimeters convert analogue voltages to digital values; 
in other words, they contain analogue to digital converters (ADCs). 

Did You Know?
Telehealth and RPM

• Telehealth (or telemedicine) is the application of 
telecommunications technology, especially telephone and video 
links, in the provision of information and medical services. It is 
particularly benefi cial in places where the population is widely 
dispersed and hospitals or clinics are not easily accessible, 
as is the case in much of rural Australia. Early versions of 
telemedicine required patients to phone a special number every 
day and answer a series of standard questions by selecting 
one of multiple answers that were provided. This required a 
substantial commitment on the part of the patients and was not 
very user-friendly.

• Remote patient monitoring (RPM) may be considered an 
enhancement of telemedicine. It automates the collection of 
data, is more reliable and produces an immediate alert if a 
problem arises.

Biographical Notes
In recent years several RPM services have been set up in Ireland, 
some of which are outlined below.

eHealth Ireland
This was set up by the HSE (Health Service Executive) in 2015 
to promote and support the implementation of ePrescribing, online 
referrals and scheduling, Telehealth (particularly relating to the 
management of chronic disease) and the development of summary 
patient records.

The ‘LEANBH’ project 
This pilot research project in the Cork University Maternity Hospital 
provides remote healthcare monitoring to expectant mothers in order 
to improve the detection and treatment of hypertension (high blood 
pressure) and pre-eclampsia during pregnancy.

DERI at NUI Galway 
In 2013 the Digital Enterprise Research Institute (DERI) at NUI 
Galway developed software to allow a GP to monitor a patient’s 
heart rate and pulse, even when the patient is abroad.

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

• explain what is meant by RPM
• outline the general principles of remote monitoring
• outline infrastructure required for the implementation of RPM
• list and explain the benefi ts of RPM
• describe some of the applications of RPM
• describe the operation of a simple temperature sensor
• outline how analogue values are transferred for monitoring.

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

• RPM (remote patient monitoring) has many benefi ts but its 
widespread use requires considerable infrastructure.

• RPM is particularly suitable for patients with certain chronic 
conditions and for those who are in recovery but no longer 
require hospitalisation.

• Considerable infrastructure is required for widespread 
implementation of RPM, not least being reliable 
telecommunications.

• The typical components of a remote monitoring device are: 
a sensor, an ADC, a microprocessor and a WiFi or Bluetooth 
module.

• RPM provides reassurance to the patient that action will be taken 
if some emergency arises while giving them the freedom to live 
a relatively normal life.

True/False Questions

a) Temperature cannot be measured remotely. T F
b) A sensor is a device used to detect some change and produce 

an appropriate output. T F
c) A chronic condition is one that is easily cured. T F
d) Remote patient monitoring requires very little infrastructure.  T F
e) A voltage divider can be made with just two resistors. T F
f) An analogue to digital converter (ADC) is use to transmit data 

to a wireless network. T F
g) An electrocardiograph records the voltages associated with 

the cardiac cycle. T F
h) An accelerometer can be used as a fall detector. T F
i) Microcontrollers are programmable and many have built-in 

analogue-to-digital converters (ADCs). T F
j) Some contact lenses contain blood sugar sensors. T F

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

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

absolute temperature, accelerometer, analogue to digital converter 
(ADC), analogue voltage, bandwidth, Bluetooth, cardiac cycle, chronic, 
contact lens, diabetes, ECG, infrastructure, integrated circuit, intermittent,  
microcontrollers, remote patient monitoring (RPM), resistor, sensor, silicon 
diode, telehealth, variables, voltage, voltage divider, wireless sensor.
Check the Glossary of terms for this lesson on www.sta.ie

Examination Questions 

Leaving Certifi cate Biology (HL) 2016, Q. 8
Answer the following questions in relation to the investigation you 
carried out on the effect of exercise on the breathing rate or pulse rate.

(i)  What was the control in this investigation?

(ii)  What is the purpose of this control?

(iii)  You carried out this investigation on two women of the same 
age. One of the women (A) was a very fi t athlete. The other (B) 
was overweight and rarely took exercise. Using an appropriately 
labelled graph draw two curves or plots to summarise the most 
likely results of your investigation, clearly labelling which curve 
relates to which individual.

 Recovery time is the duration of the period following exercise 
during which the breathing rate or pulse rate returns to normal. 
Suggest how you might measure recovery time.

Leaving Certifi cate Physics (OL) 2014, Q. 12 d
The circuit diagram shows a resistor and a thermistor connected in 
series with a 6 V battery. At a certain temperature the resistance of 
the thermistor is 450 Ω.

(i)  State Ohm’s law.

(ii)  What is the total resistance 
of the circuit?

(iii)  What is the current in the 
circuit?

(iv)  What is the potential 
difference across the 50 Ω 
resistor?

(v)  What would happen to the resistance of the circuit if the 
temperature were increased?

Leaving Certifi cate Technology (HL) 2014, B Q. 2
Part of the characteristic curve 
for a thermistor is shown. 

(i)  Identify, from the 
graph, the approximate 
resistance of the 
thermistor at 4°C. 

(ii)  Using the value from (i), 
calculate the Vout for this 
thermistor at 4°C.

(iii)  Name a household appliance or 
consumer electronic product that 
uses a thermistor and outline the 
reasons for its inclusion in the 
product you have chosen.

Remote patient 
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(c) The diagram shows a transverse wave. 
 

 
 
 
 
 
 
 
 

(i) Name the distances labelled A and B.  (10) 

(ii) 20 waves pass a fixed point every second. What is the frequency of the wave? (6) 

(iii) Calculate the velocity of the wave if distance A = 1.5 m. (6) 

(iv) Transverse waves can be polarised. Name a type of wave that cannot be 
polarised. (6) 

 
 
 
 
 
 
 

(d) The circuit diagram shows a resistor and a thermistor connected in series with a 6 V 
battery. At a certain temperature the resistance of the thermistor is 450 Ω. 
  
 
 
 
 
 
 
 
 
 
 
(i) State Ohm’s law.  (6) 
(ii) What is the total resistance of the circuit? (4) 
(iii) What is the current in the circuit? (6) 
(iv) What is the potential difference across the 50 Ω resistor? (6) 
(v) What would happen to the resistance of the circuit if the temperature were 

increased? (6) 
 
  

50 Ω 

6 V 

450 Ω 

A 

B 
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Section B - Core - Answer Question 2 and Question 3. 

Question 2  - Answer 2(a) and 2(b) 

Answer 2(c) or 2(d) 

2(a)    Early detection and control of fire in the home can prevent loss of life and property.   
 

           (i)  Suggest two ways in which technology can be used to detect or control fire in the home.  
 

           (ii)     In designing household products, heat and fire resistance can be important design considerations. 
    Identify a household product which is heat or fire resistant and outline how this resistance is achieved.   

2(c)     In the manufacture of thermistors, it is essential that each component is ‘fit for purpose’.    
    
           (i)   Distinguish between the factors of: reliability, aesthetics and conformance.  
 
           (ii)       Describe two consequences of non-conformance for a manufacturer of thermistors.  

OR 

2(d)    Sustainability is a key concept in controlling the amount of waste created by society.  
   
 Explain, with examples, the impact of each of the three overlapping  
 ‘spheres of sustainability’ shown: 
 

 Environmental sustainability 
 Social sustainability 
 Economic sustainability. 

 

(ii) Using the value from (i), calculate the Vout  
 for this thermistor at 4oC.  

(i)       Identify, from the graph, the approximate  
  resistance of the thermistor at 4oC.  

 
2(b)   Different types of thermistors are manufactured and each has its own characteristic pattern of resistance change with 
 temperature.  Part of the characteristic curve for a thermistor is shown.  
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(iii) Name a household appliance or consumer electronic product which uses a thermistor and outline the 
 reasons for  its inclusion in the product you have chosen. 
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(i)       Identify, from the graph, the approximate  
  resistance of the thermistor at 4oC.  

 
2(b)   Different types of thermistors are manufactured and each has its own characteristic pattern of resistance change with 
 temperature.  Part of the characteristic curve for a thermistor is shown.  
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(iii) Name a household appliance or consumer electronic product which uses a thermistor and outline the 
 reasons for  its inclusion in the product you have chosen. 
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Syllabus References
The main syllabus references for the lesson are:

Leaving Certifi cate Technology (p. 30)

• Data Communications and Computer Networks: ... Local Area 
Networks (LANs)

• The Internet: incorporate security features when uploading and 
downloading fi les by remote access.

Leaving Certifi cate Biology (pp. 30–35)

• Simple understanding of heartbeat and its control, pulse and 
blood pressure. The breathing system in the human.

Leaving Certifi cate Physics (p. 36)

• Electricity: resistance, thermistor, voltage (potential difference), 
potential divider. 

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

Student Activities
Investigating the potential divider
The potential divider is a very simple arrangement 
of resistors but it has wide ranging application 
in electronics. 

For these investigations you will need a battery 
(e.g. a 6V battery), some resistors, a thermistor or 
a variable resistor and a digital voltmeter.

1. Set up the fi rst circuit using two 1 kΩ resistors 
or indeed any two identical resistors. Connect 
the + terminal of the battery to Vout and the 
negative terminal to −. Measure and record the 
battery voltage carefully. Then measure the 
output voltage (Vout). 
If the two resistors are equal then the output 
voltage will be exactly half the input voltage.

2. Change the top resistor from 1 kΩ to 2 kΩ 
and repeat the procedure described above.
You should fi nd that the output voltage will 
be one third of the input voltage, i.e.
Vout =  Vout (1000/(1000+2000))
If you used other values then you should 
be able to calculate the output voltage.

3. Replace the 2 kΩ resistor with a thermistor and repeat the 
procedure described above.
Connect the voltmeter across the 1 kΩ resistor (i.e. V out)
Observe the reading. Now warm the thermistor by holding it with 
your fi ngers and observe the change in the reading.

Note: Digital multimeters convert analogue voltages to digital values; 
in other words, they contain analogue to digital converters (ADCs). 

Did You Know?
Telehealth and RPM

• Telehealth (or telemedicine) is the application of 
telecommunications technology, especially telephone and video 
links, in the provision of information and medical services. It is 
particularly benefi cial in places where the population is widely 
dispersed and hospitals or clinics are not easily accessible, 
as is the case in much of rural Australia. Early versions of 
telemedicine required patients to phone a special number every 
day and answer a series of standard questions by selecting 
one of multiple answers that were provided. This required a 
substantial commitment on the part of the patients and was not 
very user-friendly.

• Remote patient monitoring (RPM) may be considered an 
enhancement of telemedicine. It automates the collection of 
data, is more reliable and produces an immediate alert if a 
problem arises.

Biographical Notes
In recent years several RPM services have been set up in Ireland, 
some of which are outlined below.

eHealth Ireland
This was set up by the HSE (Health Service Executive) in 2015 
to promote and support the implementation of ePrescribing, online 
referrals and scheduling, Telehealth (particularly relating to the 
management of chronic disease) and the development of summary 
patient records.

The ‘LEANBH’ project 
This pilot research project in the Cork University Maternity Hospital 
provides remote healthcare monitoring to expectant mothers in order 
to improve the detection and treatment of hypertension (high blood 
pressure) and pre-eclampsia during pregnancy.

DERI at NUI Galway 
In 2013 the Digital Enterprise Research Institute (DERI) at NUI 
Galway developed software to allow a GP to monitor a patient’s 
heart rate and pulse, even when the patient is abroad.

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

• explain what is meant by RPM
• outline the general principles of remote monitoring
• outline infrastructure required for the implementation of RPM
• list and explain the benefi ts of RPM
• describe some of the applications of RPM
• describe the operation of a simple temperature sensor
• outline how analogue values are transferred for monitoring.

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

• RPM (remote patient monitoring) has many benefi ts but its 
widespread use requires considerable infrastructure.

• RPM is particularly suitable for patients with certain chronic 
conditions and for those who are in recovery but no longer 
require hospitalisation.

• Considerable infrastructure is required for widespread 
implementation of RPM, not least being reliable 
telecommunications.

• The typical components of a remote monitoring device are: 
a sensor, an ADC, a microprocessor and a WiFi or Bluetooth 
module.

• RPM provides reassurance to the patient that action will be taken 
if some emergency arises while giving them the freedom to live 
a relatively normal life.

True/False Questions

a) Temperature cannot be measured remotely. T F
b) A sensor is a device used to detect some change and produce 

an appropriate output. T F
c) A chronic condition is one that is easily cured. T F
d) Remote patient monitoring requires very little infrastructure.  T F
e) A voltage divider can be made with just two resistors. T F
f) An analogue to digital converter (ADC) is use to transmit data 

to a wireless network. T F
g) An electrocardiograph records the voltages associated with 

the cardiac cycle. T F
h) An accelerometer can be used as a fall detector. T F
i) Microcontrollers are programmable and many have built-in 

analogue-to-digital converters (ADCs). T F
j) Some contact lenses contain blood sugar sensors. T F

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

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

absolute temperature, accelerometer, analogue to digital converter 
(ADC), analogue voltage, bandwidth, Bluetooth, cardiac cycle, chronic, 
contact lens, diabetes, ECG, infrastructure, integrated circuit, intermittent,  
microcontrollers, remote patient monitoring (RPM), resistor, sensor, silicon 
diode, telehealth, variables, voltage, voltage divider, wireless sensor.
Check the Glossary of terms for this lesson on www.sta.ie

Examination Questions 

Leaving Certifi cate Biology (HL) 2016, Q. 8
Answer the following questions in relation to the investigation you 
carried out on the effect of exercise on the breathing rate or pulse rate.

(i)  What was the control in this investigation?

(ii)  What is the purpose of this control?

(iii)  You carried out this investigation on two women of the same 
age. One of the women (A) was a very fi t athlete. The other (B) 
was overweight and rarely took exercise. Using an appropriately 
labelled graph draw two curves or plots to summarise the most 
likely results of your investigation, clearly labelling which curve 
relates to which individual.

 Recovery time is the duration of the period following exercise 
during which the breathing rate or pulse rate returns to normal. 
Suggest how you might measure recovery time.

Leaving Certifi cate Physics (OL) 2014, Q. 12 d
The circuit diagram shows a resistor and a thermistor connected in 
series with a 6 V battery. At a certain temperature the resistance of 
the thermistor is 450 Ω.

(i)  State Ohm’s law.

(ii)  What is the total resistance 
of the circuit?

(iii)  What is the current in the 
circuit?

(iv)  What is the potential 
difference across the 50 Ω 
resistor?

(v)  What would happen to the resistance of the circuit if the 
temperature were increased?

Leaving Certifi cate Technology (HL) 2014, B Q. 2
Part of the characteristic curve 
for a thermistor is shown. 

(i)  Identify, from the 
graph, the approximate 
resistance of the 
thermistor at 4°C. 

(ii)  Using the value from (i), 
calculate the Vout for this 
thermistor at 4°C.

(iii)  Name a household appliance or 
consumer electronic product that 
uses a thermistor and outline the 
reasons for its inclusion in the 
product you have chosen.

Remote patient 
monitoring
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(c) The diagram shows a transverse wave. 
 

 
 
 
 
 
 
 
 

(i) Name the distances labelled A and B.  (10) 

(ii) 20 waves pass a fixed point every second. What is the frequency of the wave? (6) 

(iii) Calculate the velocity of the wave if distance A = 1.5 m. (6) 

(iv) Transverse waves can be polarised. Name a type of wave that cannot be 
polarised. (6) 

 
 
 
 
 
 
 

(d) The circuit diagram shows a resistor and a thermistor connected in series with a 6 V 
battery. At a certain temperature the resistance of the thermistor is 450 Ω. 
  
 
 
 
 
 
 
 
 
 
 
(i) State Ohm’s law.  (6) 
(ii) What is the total resistance of the circuit? (4) 
(iii) What is the current in the circuit? (6) 
(iv) What is the potential difference across the 50 Ω resistor? (6) 
(v) What would happen to the resistance of the circuit if the temperature were 

increased? (6) 
 
  

50 Ω 
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450 Ω 

A 

B 
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Section B - Core - Answer Question 2 and Question 3. 

Question 2  - Answer 2(a) and 2(b) 

Answer 2(c) or 2(d) 

2(a)    Early detection and control of fire in the home can prevent loss of life and property.   
 

           (i)  Suggest two ways in which technology can be used to detect or control fire in the home.  
 

           (ii)     In designing household products, heat and fire resistance can be important design considerations. 
    Identify a household product which is heat or fire resistant and outline how this resistance is achieved.   

2(c)     In the manufacture of thermistors, it is essential that each component is ‘fit for purpose’.    
    
           (i)   Distinguish between the factors of: reliability, aesthetics and conformance.  
 
           (ii)       Describe two consequences of non-conformance for a manufacturer of thermistors.  

OR 

2(d)    Sustainability is a key concept in controlling the amount of waste created by society.  
   
 Explain, with examples, the impact of each of the three overlapping  
 ‘spheres of sustainability’ shown: 
 

 Environmental sustainability 
 Social sustainability 
 Economic sustainability. 

 

(ii) Using the value from (i), calculate the Vout  
 for this thermistor at 4oC.  

(i)       Identify, from the graph, the approximate  
  resistance of the thermistor at 4oC.  

 
2(b)   Different types of thermistors are manufactured and each has its own characteristic pattern of resistance change with 
 temperature.  Part of the characteristic curve for a thermistor is shown.  
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(iii) Name a household appliance or consumer electronic product which uses a thermistor and outline the 
 reasons for  its inclusion in the product you have chosen. 
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(ii) Using the value from (i), calculate the Vout  
 for this thermistor at 4oC.  
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(iii) Name a household appliance or consumer electronic product which uses a thermistor and outline the 
 reasons for  its inclusion in the product you have chosen. 
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Syllabus References
The main syllabus references for the lesson are:

Leaving Certifi cate Technology (p. 30)

• Data Communications and Computer Networks: ... Local Area 
Networks (LANs)

• The Internet: incorporate security features when uploading and 
downloading fi les by remote access.

Leaving Certifi cate Biology (pp. 30–35)

• Simple understanding of heartbeat and its control, pulse and 
blood pressure. The breathing system in the human.

Leaving Certifi cate Physics (p. 36)

• Electricity: resistance, thermistor, voltage (potential difference), 
potential divider. 

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

Student Activities
Investigating the potential divider
The potential divider is a very simple arrangement 
of resistors but it has wide ranging application 
in electronics. 

For these investigations you will need a battery 
(e.g. a 6V battery), some resistors, a thermistor or 
a variable resistor and a digital voltmeter.

1. Set up the fi rst circuit using two 1 kΩ resistors 
or indeed any two identical resistors. Connect 
the + terminal of the battery to Vout and the 
negative terminal to −. Measure and record the 
battery voltage carefully. Then measure the 
output voltage (Vout). 
If the two resistors are equal then the output 
voltage will be exactly half the input voltage.

2. Change the top resistor from 1 kΩ to 2 kΩ 
and repeat the procedure described above.
You should fi nd that the output voltage will 
be one third of the input voltage, i.e.
Vout =  Vout (1000/(1000+2000))
If you used other values then you should 
be able to calculate the output voltage.

3. Replace the 2 kΩ resistor with a thermistor and repeat the 
procedure described above.
Connect the voltmeter across the 1 kΩ resistor (i.e. V out)
Observe the reading. Now warm the thermistor by holding it with 
your fi ngers and observe the change in the reading.

Note: Digital multimeters convert analogue voltages to digital values; 
in other words, they contain analogue to digital converters (ADCs). 

Did You Know?
Telehealth and RPM

• Telehealth (or telemedicine) is the application of 
telecommunications technology, especially telephone and video 
links, in the provision of information and medical services. It is 
particularly benefi cial in places where the population is widely 
dispersed and hospitals or clinics are not easily accessible, 
as is the case in much of rural Australia. Early versions of 
telemedicine required patients to phone a special number every 
day and answer a series of standard questions by selecting 
one of multiple answers that were provided. This required a 
substantial commitment on the part of the patients and was not 
very user-friendly.

• Remote patient monitoring (RPM) may be considered an 
enhancement of telemedicine. It automates the collection of 
data, is more reliable and produces an immediate alert if a 
problem arises.

Biographical Notes
In recent years several RPM services have been set up in Ireland, 
some of which are outlined below.

eHealth Ireland
This was set up by the HSE (Health Service Executive) in 2015 
to promote and support the implementation of ePrescribing, online 
referrals and scheduling, Telehealth (particularly relating to the 
management of chronic disease) and the development of summary 
patient records.

The ‘LEANBH’ project 
This pilot research project in the Cork University Maternity Hospital 
provides remote healthcare monitoring to expectant mothers in order 
to improve the detection and treatment of hypertension (high blood 
pressure) and pre-eclampsia during pregnancy.

DERI at NUI Galway 
In 2013 the Digital Enterprise Research Institute (DERI) at NUI 
Galway developed software to allow a GP to monitor a patient’s 
heart rate and pulse, even when the patient is abroad.

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

• explain what is meant by RPM
• outline the general principles of remote monitoring
• outline infrastructure required for the implementation of RPM
• list and explain the benefi ts of RPM
• describe some of the applications of RPM
• describe the operation of a simple temperature sensor
• outline how analogue values are transferred for monitoring.

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

• RPM (remote patient monitoring) has many benefi ts but its 
widespread use requires considerable infrastructure.

• RPM is particularly suitable for patients with certain chronic 
conditions and for those who are in recovery but no longer 
require hospitalisation.

• Considerable infrastructure is required for widespread 
implementation of RPM, not least being reliable 
telecommunications.

• The typical components of a remote monitoring device are: 
a sensor, an ADC, a microprocessor and a WiFi or Bluetooth 
module.

• RPM provides reassurance to the patient that action will be taken 
if some emergency arises while giving them the freedom to live 
a relatively normal life.

True/False Questions

a) Temperature cannot be measured remotely. T F
b) A sensor is a device used to detect some change and produce 

an appropriate output. T F
c) A chronic condition is one that is easily cured. T F
d) Remote patient monitoring requires very little infrastructure.  T F
e) A voltage divider can be made with just two resistors. T F
f) An analogue to digital converter (ADC) is use to transmit data 

to a wireless network. T F
g) An electrocardiograph records the voltages associated with 

the cardiac cycle. T F
h) An accelerometer can be used as a fall detector. T F
i) Microcontrollers are programmable and many have built-in 

analogue-to-digital converters (ADCs). T F
j) Some contact lenses contain blood sugar sensors. T F

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

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

absolute temperature, accelerometer, analogue to digital converter 
(ADC), analogue voltage, bandwidth, Bluetooth, cardiac cycle, chronic, 
contact lens, diabetes, ECG, infrastructure, integrated circuit, intermittent,  
microcontrollers, remote patient monitoring (RPM), resistor, sensor, silicon 
diode, telehealth, variables, voltage, voltage divider, wireless sensor.
Check the Glossary of terms for this lesson on www.sta.ie

Examination Questions 

Leaving Certifi cate Biology (HL) 2016, Q. 8
Answer the following questions in relation to the investigation you 
carried out on the effect of exercise on the breathing rate or pulse rate.

(i)  What was the control in this investigation?

(ii)  What is the purpose of this control?

(iii)  You carried out this investigation on two women of the same 
age. One of the women (A) was a very fi t athlete. The other (B) 
was overweight and rarely took exercise. Using an appropriately 
labelled graph draw two curves or plots to summarise the most 
likely results of your investigation, clearly labelling which curve 
relates to which individual.

 Recovery time is the duration of the period following exercise 
during which the breathing rate or pulse rate returns to normal. 
Suggest how you might measure recovery time.

Leaving Certifi cate Physics (OL) 2014, Q. 12 d
The circuit diagram shows a resistor and a thermistor connected in 
series with a 6 V battery. At a certain temperature the resistance of 
the thermistor is 450 Ω.

(i)  State Ohm’s law.

(ii)  What is the total resistance 
of the circuit?

(iii)  What is the current in the 
circuit?

(iv)  What is the potential 
difference across the 50 Ω 
resistor?

(v)  What would happen to the resistance of the circuit if the 
temperature were increased?

Leaving Certifi cate Technology (HL) 2014, B Q. 2
Part of the characteristic curve 
for a thermistor is shown. 

(i)  Identify, from the 
graph, the approximate 
resistance of the 
thermistor at 4°C. 

(ii)  Using the value from (i), 
calculate the Vout for this 
thermistor at 4°C.

(iii)  Name a household appliance or 
consumer electronic product that 
uses a thermistor and outline the 
reasons for its inclusion in the 
product you have chosen.

Remote patient 
monitoring
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(c) The diagram shows a transverse wave. 
 

 
 
 
 
 
 
 
 

(i) Name the distances labelled A and B.  (10) 

(ii) 20 waves pass a fixed point every second. What is the frequency of the wave? (6) 

(iii) Calculate the velocity of the wave if distance A = 1.5 m. (6) 

(iv) Transverse waves can be polarised. Name a type of wave that cannot be 
polarised. (6) 

 
 
 
 
 
 
 

(d) The circuit diagram shows a resistor and a thermistor connected in series with a 6 V 
battery. At a certain temperature the resistance of the thermistor is 450 Ω. 
  
 
 
 
 
 
 
 
 
 
 
(i) State Ohm’s law.  (6) 
(ii) What is the total resistance of the circuit? (4) 
(iii) What is the current in the circuit? (6) 
(iv) What is the potential difference across the 50 Ω resistor? (6) 
(v) What would happen to the resistance of the circuit if the temperature were 

increased? (6) 
 
  

50 Ω 

6 V 

450 Ω 

A 

B 
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Section B - Core - Answer Question 2 and Question 3. 

Question 2  - Answer 2(a) and 2(b) 

Answer 2(c) or 2(d) 

2(a)    Early detection and control of fire in the home can prevent loss of life and property.   
 

           (i)  Suggest two ways in which technology can be used to detect or control fire in the home.  
 

           (ii)     In designing household products, heat and fire resistance can be important design considerations. 
    Identify a household product which is heat or fire resistant and outline how this resistance is achieved.   

2(c)     In the manufacture of thermistors, it is essential that each component is ‘fit for purpose’.    
    
           (i)   Distinguish between the factors of: reliability, aesthetics and conformance.  
 
           (ii)       Describe two consequences of non-conformance for a manufacturer of thermistors.  

OR 

2(d)    Sustainability is a key concept in controlling the amount of waste created by society.  
   
 Explain, with examples, the impact of each of the three overlapping  
 ‘spheres of sustainability’ shown: 
 

 Environmental sustainability 
 Social sustainability 
 Economic sustainability. 

 

(ii) Using the value from (i), calculate the Vout  
 for this thermistor at 4oC.  

(i)       Identify, from the graph, the approximate  
  resistance of the thermistor at 4oC.  

 
2(b)   Different types of thermistors are manufactured and each has its own characteristic pattern of resistance change with 
 temperature.  Part of the characteristic curve for a thermistor is shown.  
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(iii) Name a household appliance or consumer electronic product which uses a thermistor and outline the 
 reasons for  its inclusion in the product you have chosen. 
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Answer 2(c) or 2(d) 

2(a)    Early detection and control of fire in the home can prevent loss of life and property.   
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2(c)     In the manufacture of thermistors, it is essential that each component is ‘fit for purpose’.    
    
           (i)   Distinguish between the factors of: reliability, aesthetics and conformance.  
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2(d)    Sustainability is a key concept in controlling the amount of waste created by society.  
   
 Explain, with examples, the impact of each of the three overlapping  
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 Social sustainability 
 Economic sustainability. 

 

(ii) Using the value from (i), calculate the Vout  
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2(b)   Different types of thermistors are manufactured and each has its own characteristic pattern of resistance change with 
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(iii) Name a household appliance or consumer electronic product which uses a thermistor and outline the 
 reasons for  its inclusion in the product you have chosen. 
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Syllabus References
The main syllabus references for the lesson are:

Leaving Certifi cate Technology (p. 30)

• Data Communications and Computer Networks: ... Local Area 
Networks (LANs)

• The Internet: incorporate security features when uploading and 
downloading fi les by remote access.

Leaving Certifi cate Biology (pp. 30–35)

• Simple understanding of heartbeat and its control, pulse and 
blood pressure. The breathing system in the human.

Leaving Certifi cate Physics (p. 36)

• Electricity: resistance, thermistor, voltage (potential difference), 
potential divider. 

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

Student Activities
Investigating the potential divider
The potential divider is a very simple arrangement 
of resistors but it has wide ranging application 
in electronics. 

For these investigations you will need a battery 
(e.g. a 6V battery), some resistors, a thermistor or 
a variable resistor and a digital voltmeter.

1. Set up the fi rst circuit using two 1 kΩ resistors 
or indeed any two identical resistors. Connect 
the + terminal of the battery to Vout and the 
negative terminal to −. Measure and record the 
battery voltage carefully. Then measure the 
output voltage (Vout). 
If the two resistors are equal then the output 
voltage will be exactly half the input voltage.

2. Change the top resistor from 1 kΩ to 2 kΩ 
and repeat the procedure described above.
You should fi nd that the output voltage will 
be one third of the input voltage, i.e.
Vout =  Vout (1000/(1000+2000))
If you used other values then you should 
be able to calculate the output voltage.

3. Replace the 2 kΩ resistor with a thermistor and repeat the 
procedure described above.
Connect the voltmeter across the 1 kΩ resistor (i.e. V out)
Observe the reading. Now warm the thermistor by holding it with 
your fi ngers and observe the change in the reading.

Note: Digital multimeters convert analogue voltages to digital values; 
in other words, they contain analogue to digital converters (ADCs). 

Did You Know?
Telehealth and RPM

• Telehealth (or telemedicine) is the application of 
telecommunications technology, especially telephone and video 
links, in the provision of information and medical services. It is 
particularly benefi cial in places where the population is widely 
dispersed and hospitals or clinics are not easily accessible, 
as is the case in much of rural Australia. Early versions of 
telemedicine required patients to phone a special number every 
day and answer a series of standard questions by selecting 
one of multiple answers that were provided. This required a 
substantial commitment on the part of the patients and was not 
very user-friendly.

• Remote patient monitoring (RPM) may be considered an 
enhancement of telemedicine. It automates the collection of 
data, is more reliable and produces an immediate alert if a 
problem arises.

Biographical Notes
In recent years several RPM services have been set up in Ireland, 
some of which are outlined below.

eHealth Ireland
This was set up by the HSE (Health Service Executive) in 2015 
to promote and support the implementation of ePrescribing, online 
referrals and scheduling, Telehealth (particularly relating to the 
management of chronic disease) and the development of summary 
patient records.

The ‘LEANBH’ project 
This pilot research project in the Cork University Maternity Hospital 
provides remote healthcare monitoring to expectant mothers in order 
to improve the detection and treatment of hypertension (high blood 
pressure) and pre-eclampsia during pregnancy.

DERI at NUI Galway 
In 2013 the Digital Enterprise Research Institute (DERI) at NUI 
Galway developed software to allow a GP to monitor a patient’s 
heart rate and pulse, even when the patient is abroad.

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

• explain what is meant by RPM
• outline the general principles of remote monitoring
• outline infrastructure required for the implementation of RPM
• list and explain the benefi ts of RPM
• describe some of the applications of RPM
• describe the operation of a simple temperature sensor
• outline how analogue values are transferred for monitoring.

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

• RPM (remote patient monitoring) has many benefi ts but its 
widespread use requires considerable infrastructure.

• RPM is particularly suitable for patients with certain chronic 
conditions and for those who are in recovery but no longer 
require hospitalisation.

• Considerable infrastructure is required for widespread 
implementation of RPM, not least being reliable 
telecommunications.

• The typical components of a remote monitoring device are: 
a sensor, an ADC, a microprocessor and a WiFi or Bluetooth 
module.

• RPM provides reassurance to the patient that action will be taken 
if some emergency arises while giving them the freedom to live 
a relatively normal life.

True/False Questions

a) Temperature cannot be measured remotely. T F
b) A sensor is a device used to detect some change and produce 

an appropriate output. T F
c) A chronic condition is one that is easily cured. T F
d) Remote patient monitoring requires very little infrastructure.  T F
e) A voltage divider can be made with just two resistors. T F
f) An analogue to digital converter (ADC) is use to transmit data 

to a wireless network. T F
g) An electrocardiograph records the voltages associated with 

the cardiac cycle. T F
h) An accelerometer can be used as a fall detector. T F
i) Microcontrollers are programmable and many have built-in 

analogue-to-digital converters (ADCs). T F
j) Some contact lenses contain blood sugar sensors. T F

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

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

absolute temperature, accelerometer, analogue to digital converter 
(ADC), analogue voltage, bandwidth, Bluetooth, cardiac cycle, chronic, 
contact lens, diabetes, ECG, infrastructure, integrated circuit, intermittent,  
microcontrollers, remote patient monitoring (RPM), resistor, sensor, silicon 
diode, telehealth, variables, voltage, voltage divider, wireless sensor.
Check the Glossary of terms for this lesson on www.sta.ie

Examination Questions 

Leaving Certifi cate Biology (HL) 2016, Q. 8
Answer the following questions in relation to the investigation you 
carried out on the effect of exercise on the breathing rate or pulse rate.

(i)  What was the control in this investigation?

(ii)  What is the purpose of this control?

(iii)  You carried out this investigation on two women of the same 
age. One of the women (A) was a very fi t athlete. The other (B) 
was overweight and rarely took exercise. Using an appropriately 
labelled graph draw two curves or plots to summarise the most 
likely results of your investigation, clearly labelling which curve 
relates to which individual.

 Recovery time is the duration of the period following exercise 
during which the breathing rate or pulse rate returns to normal. 
Suggest how you might measure recovery time.

Leaving Certifi cate Physics (OL) 2014, Q. 12 d
The circuit diagram shows a resistor and a thermistor connected in 
series with a 6 V battery. At a certain temperature the resistance of 
the thermistor is 450 Ω.

(i)  State Ohm’s law.

(ii)  What is the total resistance 
of the circuit?

(iii)  What is the current in the 
circuit?

(iv)  What is the potential 
difference across the 50 Ω 
resistor?

(v)  What would happen to the resistance of the circuit if the 
temperature were increased?

Leaving Certifi cate Technology (HL) 2014, B Q. 2
Part of the characteristic curve 
for a thermistor is shown. 

(i)  Identify, from the 
graph, the approximate 
resistance of the 
thermistor at 4°C. 

(ii)  Using the value from (i), 
calculate the Vout for this 
thermistor at 4°C.

(iii)  Name a household appliance or 
consumer electronic product that 
uses a thermistor and outline the 
reasons for its inclusion in the 
product you have chosen.

Remote patient 
monitoring
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(c) The diagram shows a transverse wave. 
 

 
 
 
 
 
 
 
 

(i) Name the distances labelled A and B.  (10) 

(ii) 20 waves pass a fixed point every second. What is the frequency of the wave? (6) 

(iii) Calculate the velocity of the wave if distance A = 1.5 m. (6) 

(iv) Transverse waves can be polarised. Name a type of wave that cannot be 
polarised. (6) 

 
 
 
 
 
 
 

(d) The circuit diagram shows a resistor and a thermistor connected in series with a 6 V 
battery. At a certain temperature the resistance of the thermistor is 450 Ω. 
  
 
 
 
 
 
 
 
 
 
 
(i) State Ohm’s law.  (6) 
(ii) What is the total resistance of the circuit? (4) 
(iii) What is the current in the circuit? (6) 
(iv) What is the potential difference across the 50 Ω resistor? (6) 
(v) What would happen to the resistance of the circuit if the temperature were 

increased? (6) 
 
  

50 Ω 

6 V 

450 Ω 

A 

B 
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Section B - Core - Answer Question 2 and Question 3. 

Question 2  - Answer 2(a) and 2(b) 

Answer 2(c) or 2(d) 

2(a)    Early detection and control of fire in the home can prevent loss of life and property.   
 

           (i)  Suggest two ways in which technology can be used to detect or control fire in the home.  
 

           (ii)     In designing household products, heat and fire resistance can be important design considerations. 
    Identify a household product which is heat or fire resistant and outline how this resistance is achieved.   

2(c)     In the manufacture of thermistors, it is essential that each component is ‘fit for purpose’.    
    
           (i)   Distinguish between the factors of: reliability, aesthetics and conformance.  
 
           (ii)       Describe two consequences of non-conformance for a manufacturer of thermistors.  

OR 

2(d)    Sustainability is a key concept in controlling the amount of waste created by society.  
   
 Explain, with examples, the impact of each of the three overlapping  
 ‘spheres of sustainability’ shown: 
 

 Environmental sustainability 
 Social sustainability 
 Economic sustainability. 

 

(ii) Using the value from (i), calculate the Vout  
 for this thermistor at 4oC.  

(i)       Identify, from the graph, the approximate  
  resistance of the thermistor at 4oC.  

 
2(b)   Different types of thermistors are manufactured and each has its own characteristic pattern of resistance change with 
 temperature.  Part of the characteristic curve for a thermistor is shown.  

12V 

0V 

Vout 

33kW 

R
es

is
ta

nc
e(
W
) 

Temperature oC 

(iii) Name a household appliance or consumer electronic product which uses a thermistor and outline the 
 reasons for  its inclusion in the product you have chosen. 
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(iii) Name a household appliance or consumer electronic product which uses a thermistor and outline the 
 reasons for  its inclusion in the product you have chosen. 

−
Vout

1 kΩ
Vin

1 kΩ

Vout

2 kΩ
Vin

1 kΩ

Vout

−t°Vin

1 kΩ
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