
Examination questions   

2005 Ordinary Level - Q1
(a) (i) Name the major blood vessels that carry blood

 1. from the heart to the lungs.

 2. from the lungs to the heart.

 (a) (ii) What gas is released from the blood when it reaches the lungs?(9)

 

(c) (i) Name the muscles that are used in breathing.

  (ii) Breathing causes pressure changes in the thoracic cavity. Describe 
briefl y how theses pressure changes are brought about.

  (iii) Name a breathing disorder. Give a possible cause of this disorder 
and suggest a means of prevention or treatment?(24)

2004: Higher Level State Examinations 
Commission: Sample Paper
1. (a) (i) Distinguish between breathing and respiration.

    (ii) Breathing rate in humans is controlled by the concentration of a 
gas dissolved in blood. 

  What gas is this? (9)
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Syllabus Reference

Leaving Certifi cate Biology: 2.2.5 Respiration 

3.4.4 The Breathing System in the Human

Junior Certifi cate: 1A4 Aerobic Respiration

Learning Objectives

On completing this lesson, the student should be able to:

 • Differentiate between breathing and respiration

 • Outline how air gets into and out of the lungs 

 • Identify the part of the lungs where oxygen enters the blood 

 • List the features of effi cient gas exchange

General Learning Points

Remembering these points will help you understand 
breathing and respiration.

•  The process of moving air into and out of the lungs can be explained 
by physics – we breathe by creating air pressure difference.

• A continuous supply of energy is needed to maintain life.

•  Aerobic respiration is the most effi cient way of making energy available 
to living cells.

•  The air is our reservoir of oxygen, but we also use it as our natural 
‘dumping ground’ for carbon dioxide.

•  Carbon dioxide is a dangerous waste gas produced by aerobic 
respiration and must be excreted.

•  Because oxygen and carbon dioxide are gases, the same structure 
can be used to absorb oxygen from the air and expel carbon dioxide 
into the air.

•  The simultaneous but opposite movement of the gases is known as 
‘gas exchange’.

• Our skin surface is only 2 m2 - too small for effi cient gas exchange.

•  Lungs have evolved as the gas exchange structure, and have 45 times 
the surface area of our skin.

•  Structure is related to function – note how the structure of each part 
of the breathing system is suited to its role, especially the alveoli and 
their associated capillaries.

•  It is the complex co-operation of many different parts of the body that 
supplies us with oxygen and gets rid of the carbon dioxide – there’s no 
success without teamwork.

IVAX and the Science of Breathing

Revise the Terms

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

Breathing; respiration; trachea; bronchi; bronchioles; alveoli; 
capillaries; blood; excreted;  lungs;  atmospheric pressure;  
diaphragm;  elastic; contract; rib cage; intercostal muscles; tension; 
inhalation; exhalation; bronchodilator; corticosteroids; enzymatic; 
energy; biomolecules; aerobic; ATP; anaerobic; fermentation; 
endotherms; metabolism; respiration;  buffer;  pH; liver; urea; 
excreted; soluble; diffusion.

Check the Glossary of Terms at 
www.sciencetechnologyaction.com

Practical Activities

•  Mandatory Practical Activity - To Investigate the Effect of Exercise on 
the Breathing Rate of a Human. There is a choice between this activity 
and a similar one to investigate the effect of exercise on the pulse.   

Investigative Activities
•  Place your hand on your midriff, just below the rib cage. Relax your 

abdominal muscles and breathe normally. Your hand is moved out when 
you breathe in and when you breathe out your hand falls back. Why? 

  [Clue: think about the motion of the diaphragm and what lies directly 
below it in the upper abdomen.]

•  Place your hands at the side of your rib cage and breathe strongly. Feel 
the movement of the rib cage.

•  Look at the ribs in your chest – they hang like a bucket handle. Using a 
bucket, raise the handle to a vertical position and note that there is a big 
gap between the handle and the bucket. Then check the movement of 
your ribs in a mirror as you breathe in deeply.

•  Place a fi nger on your larynx (Adam’s apple) and swallow. The larynx 
moves ‘up’ rapidly and then descends back into position. The upward 
movement closes off the entrance to the windpipe by bringing it up 
against the epiglottis.

•  Breathe onto a cold mirror. Notice the fi ne fi lm of condensed water on 
the mirror. This indicates that breathed-out air has more water vapour in 
it than ordinary air.

•  Make an artifi cial lung and relate each labelled part to a structure in the 
body’s breathing system. Now pull down the ‘rubber sheet’ and note 
what happens to the small balloon. Release the stretched rubber sheet. 
What happens to the balloon? Refer to your textbook for instructions on 
how to set up your artifi cial lung.
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(b)   The diagram shows the human 
breathing system.

 (i)  Name the parts labelled A, B, 
C, D, E.

 (ii)  Where do cilia occur in 
this system? What is their 
function?

 (iii) State precisely the events 
that take place at E. How is 
E adapted for these events? 
(27)

Exam Questions ctd.

Check your answers to these questions on 
www.sciencetechnologyaction.com

True or False
Indicate whether the following are true (T) or false 
(F) by drawing a circle around T or F.
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(b)  The diagram shows part of the 
human breathing system.

 (i)  Name A, B, C, D.

 (ii)  D ends in a small sac. What 
is the name of this sac?

 (iii) What is the function of A?

  (iv) B contains rings of cartilage. 
Suggest a function of this 
cartilage.

 (v) Where is the epiglottis? What 
is its function?(27)

(

c)  Asthma and bronchitis are common disorders of the breathing system. 
Answer the following in relation to one of these disorders. State the 
disorder to which you refer.

 (i) State one possible cause of the disorder.

 (ii)  Suggest one way in which a person might adapt his/her lifestyle to 
minimise the effects of the disorder.

 (iii) Give an example of a treatment for the disorder. (24)

Biographical Notes
The fi ght against disease

From ancient times scientists have wanted to fi nd out more about how 
breathing keeps us alive. 

Claudius Galen
was a physician in Rome who treated injured gladiators. He demonstrated 
his experiments in public and worked at the royal court. Galen thought 
that once air entered the lungs, it traveled straight to the heart though the 
pulmonary vein. He reckoned that blood in the heart soaked up the air and 
received a ‘vital spirit’ which turned it bright red. He believed it was the 
‘vital spirit’ that moved the blood into the arteries and around the body.

Robert Boyle
an Irish scientist (1627-1691) who demonstrated that animals cannot 
survive long without air. He also showed that a candle would not burn in 
a bell-jar from which the air was removed. There was something in the air 
essential to maintain life and fi re. Do you know what it was?

Antoine-Laurent Lavoisier
(1743 – 1794) later explained the exchange of gases in the lungs. He 
believed that respiration and burning were alike because both required 
oxygen and produced carbon dioxide and water.

Discover more about these and other great scientists at 
www.scienceandtechnologyaction.com

(a) Respiration releases energy. 
  
(b)  The temperature of endotherms is controlled by their 
 environment.

(c)  The same amount of CO2 is made as oxygen is used in 
 respiration.

(d) Urea is made and excreted by the liver. 
 
(e) Gas exchange occurs at the alveoli.  
 
(f) Gas exchange occurs by osmosis.  
 
(g) The alveoli are surrounded by blood capillaries.
 
(h)  Air fl ows from areas of higher pressure to lower pressure.

(i)   Contraction of the diaphragm and intercostal muscles 
 brings in air.

(j) The intercostal muscles are responsible for most of the airfl ow. 

(k) The collapse of the lungs is due to their elastic recoil.

(l)  The average relaxed breathing rate is 30 breaths a minute. 

How can alveoli and blood vessels both 
absorb oxygen and excrete carbon dioxide?
Oxygen and carbon dioxide have some properties in common. Both 
are soluble in water and both are also gases at body temperature and 
atmospheric pressure. 

The alveoli and the blood capillaries that surround them facilitate the 
diffusion of a soluble gas between air and water, so they can absorb 
oxygen and excrete carbon dioxide.
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This lesson provides an overview of the respiratory system. 
In particular it focuses on the physical aspects of breathing, 
and the importance of gas exchange for respiration and life.

Why do we need to breathe?
 

What is the Irish     
connection with breathing?
Robert Boyle (1627 – 1691), the Irish chemist showed that a change in 
the volume of a fi xed mass of gas causes a change in pressure. If the 
gas volume increases the pressure decreases and vice versa. 

When the air in the lungs expands, its pressure decreases to less 
than atmospheric pressure. But its pressure rises above atmospheric 
pressure when it is compressed. 

Air moves from higher to lower pressure until the air pressures are 
equal. Therefore by creating a pressure difference, air can be moved 
into and out of the lungs. 

How is air moved into the lungs?
The diaphragm contracts and as it shortens it fl attens, stretching the 
elastic lungs downwards. The intercostal muscles also contract, moving 
the rib cage out and forward. This stretches the lungs even further. 

The air in the lungs expands (a gas always fi lls its container), which 
causes a drop in air pressure. The air in the lungs is now at lower 
pressure than the air outside, so air fl ows into the lungs until the 
pressure is equalised.  

How is air expelled from the lungs?
The diaphragm and intercostal muscles relax. This removes the tension 
force on the strained elastic lungs, so they recoil to a smaller size. This 
decreases the air volume in the lungs, raising its pressure above that of 
the atmosphere. The air fl ows out of the lungs until the pressure reduces 
to that of the atmosphere. 

Which phase of breathing is passive?
The diaphragm and intercostal muscles actively contract to bring about 
inhalation, but exhalation is passive. Breathing out does not directly 
involve muscle contraction. The force is supplied by the stretched elastic 
lung undergoing passive recoiling. 

What happens if airways are narrowed?
Getting enough oxygen down into the lungs is critical for life and health, 
but some respiratory conditions, like asthma, can make this diffi cult. 
During an asthma attack, muscles around the airways tighten up and 
the lining of the airway swells. The airways narrow, making it hard 
to get enough air down into the alveoli and enough oxygen into the 
bloodstream.

Try sucking air through a drinking straw. Now pinch and hold the straw 
with your fi nger and thumb to make it narrower and try sucking air again. 
See how much more diffi cult it is to draw air through the pinched straw. 

Asthma can be controlled with drugs that prevent or treat attacks. 
Bronchodilator drugs are designed to relax the muscles that constrict 
the airways (like your fi nger and thumb clamping the straw). Other drugs, 
such as corticosteroids, reduce the infl ammation of the airways. 

What is respiration?
The oxygen we breathe in is delivered to cells around the body and 
used during respiration, which is the controlled enzymatic release of 
energy from biomolecules such as glucose. 

Aerobic respiration is an effi cient way of extracting useful energy from 
biomolecules in the form of ATP(Adenosine TriPhosphate). 

In fact aerobic respiration is about 20 times more effi cient than anaerobic 
respiration, which is also called fermentation.

We are endotherms. We use energy from metabolism to maintain a high 
constant body temperature. That means our rate of aerobic respiration 
is very fast, using up much oxygen and producing an equal amount of 
carbon dioxide (see respiration equation).

What is our source of oxygen?
The air is our oxygen reservoir. Oxygen makes up 21% of the air. 
That means there are 28x1020 molecules of oxygen in every half 
litre of air we draw into our lungs with each breath – that’s 
2,800,000,000,000,000,000,000 molecules – and each breath last 
about 4 seconds. 

Why does the carbon dioxide from 
respiration have to be excreted?
The body has some uses for the carbon dioxide produced in respiration. 
For example, carbon dioxide has a role as a blood buffer, maintaining the 
blood at pH 7.4. Also, the liver uses a small quantity of carbon dioxide in 
the formation of urea, a nitrogenous waste formed from excess dietary 
amino acids. 

But too much carbon dioxide is toxic. Accumulation of the excess carbon 
dioxide would cause severe metabolic problems leading to death.  

Therefore it has to be excreted, and the atmosphere is an excellent site 
into which to dump the waste carbon dioxide.
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IVAX - Breathing Easy

IVAX Corporation is a multinational organisation that 
discovers, develops, manufactures and markets 
pharmaceuticals and veterinary products. 

With headquarters in Miami, Florida, the company markets 
products in more than 80 countries around the globe and 
has direct operations in 36 countries, including a state-of-
the-art facility in Waterford that employs 700 people. 

IVAX manufactures asthma-controlling drugs, and in 
Waterford a large focus is on improving delivery of those 
medications. Inhalation is an effective way to deliver asthma-
controlling drugs quickly into the narrowed airway to open 
up the breathing tubes and allow more air into the lungs.        

Scientists and engineers at IVAX are working to make 
life easier for asthma sufferers. For example, they have 
developed a hand-held breath-activated inhaler device that 
senses when the user is breathing in and co-ordinates drug 
delivery with the breath. 

You can fi nd out more about IVAX and their 
products at www.ivax.co.uk and at 
www.sciencetechnologyaction.com 

Fig.3 Gas Exchange at the alveoli

Figure 4: IVAX Easi-Breathe Inhalers

What are the Features of Effi cient 
Gas Exchange?
•  Big surface area of contact between air and blood – 90 m2 of alveoli, 

40 billion capillaries.

•  Short distance between air and blood – only one hundredth the 
diameter of a hair.

• The alveoli are very small – all the air in them is close to the blood.

• The capillaries are very narrow – all the blood is close to the air. 

•  The walls of the alveoli are elastic – easily expanded to take extra air 
and automatically recoil, driving out the ‘stale air’.

•  A thin layer of water lines the walls of the alveoli – to dissolve the 
oxygen for its uptake into the body.

Are there any other factors to ensure 
effi cient gas exchange?
The temperature of the air in the alveoli must be as near as possible to 
body temperature - 37°C; the higher the temperature the faster the rate 
of diffusion.

The concentration difference of the gases between the air and the blood 
must be kept high. Therefore there is a continuous fl ow of blood across 
the alveoli and the air in the alveoli is replaced as we breathe about 15 
times a minute.
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We need oxygen to live. 
When we breathe in, oxygen 
travels in the air through the 
trachea and bronchi, into 
the bronchioles and fi nally 
reaches numerous sac-like 
structures called alveoli. The 
thin surfaces of the alveoli are 
in contact with blood vessels 
called capillaries. At the alveoli, 
oxygen enters the blood to be 
carried to cells in the body. 
Waste carbon dioxide in the 
blood is excreted at the alveoli 
and expelled in the air we 
breathe out.

IVAX and the Science of Breathing

Fig2. Aerobic Respiration

Fig.1  The Breathing System



Examination questions   

2005 Ordinary Level - Q1
(a) (i) Name the major blood vessels that carry blood

 1. from the heart to the lungs.

 2. from the lungs to the heart.

 (a) (ii) What gas is released from the blood when it reaches the lungs?(9)

 

(c) (i) Name the muscles that are used in breathing.

  (ii) Breathing causes pressure changes in the thoracic cavity. Describe 
briefl y how theses pressure changes are brought about.

  (iii) Name a breathing disorder. Give a possible cause of this disorder 
and suggest a means of prevention or treatment?(24)

2004: Higher Level State Examinations 
Commission: Sample Paper
1. (a) (i) Distinguish between breathing and respiration.

    (ii) Breathing rate in humans is controlled by the concentration of a 
gas dissolved in blood. 

  What gas is this? (9)
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Syllabus Reference

Leaving Certifi cate Biology: 2.2.5 Respiration 

3.4.4 The Breathing System in the Human

Junior Certifi cate: 1A4 Aerobic Respiration

Learning Objectives

On completing this lesson, the student should be able to:

 • Differentiate between breathing and respiration

 • Outline how air gets into and out of the lungs 

 • Identify the part of the lungs where oxygen enters the blood 

 • List the features of effi cient gas exchange

General Learning Points

Remembering these points will help you understand 
breathing and respiration.

•  The process of moving air into and out of the lungs can be explained 
by physics – we breathe by creating air pressure difference.

• A continuous supply of energy is needed to maintain life.

•  Aerobic respiration is the most effi cient way of making energy available 
to living cells.

•  The air is our reservoir of oxygen, but we also use it as our natural 
‘dumping ground’ for carbon dioxide.

•  Carbon dioxide is a dangerous waste gas produced by aerobic 
respiration and must be excreted.

•  Because oxygen and carbon dioxide are gases, the same structure 
can be used to absorb oxygen from the air and expel carbon dioxide 
into the air.

•  The simultaneous but opposite movement of the gases is known as 
‘gas exchange’.

• Our skin surface is only 2 m2 - too small for effi cient gas exchange.

•  Lungs have evolved as the gas exchange structure, and have 45 times 
the surface area of our skin.

•  Structure is related to function – note how the structure of each part 
of the breathing system is suited to its role, especially the alveoli and 
their associated capillaries.

•  It is the complex co-operation of many different parts of the body that 
supplies us with oxygen and gets rid of the carbon dioxide – there’s no 
success without teamwork.

IVAX and the Science of Breathing

Revise the Terms

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

Breathing; respiration; trachea; bronchi; bronchioles; alveoli; 
capillaries; blood; excreted;  lungs;  atmospheric pressure;  
diaphragm;  elastic; contract; rib cage; intercostal muscles; tension; 
inhalation; exhalation; bronchodilator; corticosteroids; enzymatic; 
energy; biomolecules; aerobic; ATP; anaerobic; fermentation; 
endotherms; metabolism; respiration;  buffer;  pH; liver; urea; 
excreted; soluble; diffusion.

Check the Glossary of Terms at 
www.sciencetechnologyaction.com

Practical Activities

•  Mandatory Practical Activity - To Investigate the Effect of Exercise on 
the Breathing Rate of a Human. There is a choice between this activity 
and a similar one to investigate the effect of exercise on the pulse.   

Investigative Activities
•  Place your hand on your midriff, just below the rib cage. Relax your 

abdominal muscles and breathe normally. Your hand is moved out when 
you breathe in and when you breathe out your hand falls back. Why? 

  [Clue: think about the motion of the diaphragm and what lies directly 
below it in the upper abdomen.]

•  Place your hands at the side of your rib cage and breathe strongly. Feel 
the movement of the rib cage.

•  Look at the ribs in your chest – they hang like a bucket handle. Using a 
bucket, raise the handle to a vertical position and note that there is a big 
gap between the handle and the bucket. Then check the movement of 
your ribs in a mirror as you breathe in deeply.

•  Place a fi nger on your larynx (Adam’s apple) and swallow. The larynx 
moves ‘up’ rapidly and then descends back into position. The upward 
movement closes off the entrance to the windpipe by bringing it up 
against the epiglottis.

•  Breathe onto a cold mirror. Notice the fi ne fi lm of condensed water on 
the mirror. This indicates that breathed-out air has more water vapour in 
it than ordinary air.

•  Make an artifi cial lung and relate each labelled part to a structure in the 
body’s breathing system. Now pull down the ‘rubber sheet’ and note 
what happens to the small balloon. Release the stretched rubber sheet. 
What happens to the balloon? Refer to your textbook for instructions on 
how to set up your artifi cial lung.

A

B

C

D

C

D

B

A

E

(b)   The diagram shows the human 
breathing system.

 (i)  Name the parts labelled A, B, 
C, D, E.

 (ii)  Where do cilia occur in 
this system? What is their 
function?

 (iii) State precisely the events 
that take place at E. How is 
E adapted for these events? 
(27)

Exam Questions ctd.

Check your answers to these questions on 
www.sciencetechnologyaction.com

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

T F
T F

T F

T F
T F
T F
T F
T F
T F

T F
T F
T F

A

B

C

D

C

D

B

A

E

(b)  The diagram shows part of the 
human breathing system.

 (i)  Name A, B, C, D.

 (ii)  D ends in a small sac. What 
is the name of this sac?

 (iii) What is the function of A?

  (iv) B contains rings of cartilage. 
Suggest a function of this 
cartilage.

 (v) Where is the epiglottis? What 
is its function?(27)

(

c)  Asthma and bronchitis are common disorders of the breathing system. 
Answer the following in relation to one of these disorders. State the 
disorder to which you refer.

 (i) State one possible cause of the disorder.

 (ii)  Suggest one way in which a person might adapt his/her lifestyle to 
minimise the effects of the disorder.

 (iii) Give an example of a treatment for the disorder. (24)

Biographical Notes
The fi ght against disease

From ancient times scientists have wanted to fi nd out more about how 
breathing keeps us alive. 

Claudius Galen
was a physician in Rome who treated injured gladiators. He demonstrated 
his experiments in public and worked at the royal court. Galen thought 
that once air entered the lungs, it traveled straight to the heart though the 
pulmonary vein. He reckoned that blood in the heart soaked up the air and 
received a ‘vital spirit’ which turned it bright red. He believed it was the 
‘vital spirit’ that moved the blood into the arteries and around the body.

Robert Boyle
an Irish scientist (1627-1691) who demonstrated that animals cannot 
survive long without air. He also showed that a candle would not burn in 
a bell-jar from which the air was removed. There was something in the air 
essential to maintain life and fi re. Do you know what it was?

Antoine-Laurent Lavoisier
(1743 – 1794) later explained the exchange of gases in the lungs. He 
believed that respiration and burning were alike because both required 
oxygen and produced carbon dioxide and water.

Discover more about these and other great scientists at 
www.scienceandtechnologyaction.com

(a) Respiration releases energy. 
  
(b)  The temperature of endotherms is controlled by their 
 environment.

(c)  The same amount of CO2 is made as oxygen is used in 
 respiration.

(d) Urea is made and excreted by the liver. 
 
(e) Gas exchange occurs at the alveoli.  
 
(f) Gas exchange occurs by osmosis.  
 
(g) The alveoli are surrounded by blood capillaries.
 
(h)  Air fl ows from areas of higher pressure to lower pressure.

(i)   Contraction of the diaphragm and intercostal muscles 
 brings in air.

(j) The intercostal muscles are responsible for most of the airfl ow. 

(k) The collapse of the lungs is due to their elastic recoil.

(l)  The average relaxed breathing rate is 30 breaths a minute. 

How can alveoli and blood vessels both 
absorb oxygen and excrete carbon dioxide?
Oxygen and carbon dioxide have some properties in common. Both 
are soluble in water and both are also gases at body temperature and 
atmospheric pressure. 

The alveoli and the blood capillaries that surround them facilitate the 
diffusion of a soluble gas between air and water, so they can absorb 
oxygen and excrete carbon dioxide.

Alveolus wall

Capillary wall

Deoxygenated
blood cell

Carbon Dioxide

Oxygen

Oxygenated blood cell

To Pulmonary
artery

From Pulmonary
artery

Oxygenated Blood

Deoxygenated Blood

Alveolus

Capillaries

Bronchiole

This lesson provides an overview of the respiratory system. 
In particular it focuses on the physical aspects of breathing, 
and the importance of gas exchange for respiration and life.

Why do we need to breathe?
 

What is the Irish     
connection with breathing?
Robert Boyle (1627 – 1691), the Irish chemist showed that a change in 
the volume of a fi xed mass of gas causes a change in pressure. If the 
gas volume increases the pressure decreases and vice versa. 

When the air in the lungs expands, its pressure decreases to less 
than atmospheric pressure. But its pressure rises above atmospheric 
pressure when it is compressed. 

Air moves from higher to lower pressure until the air pressures are 
equal. Therefore by creating a pressure difference, air can be moved 
into and out of the lungs. 

How is air moved into the lungs?
The diaphragm contracts and as it shortens it fl attens, stretching the 
elastic lungs downwards. The intercostal muscles also contract, moving 
the rib cage out and forward. This stretches the lungs even further. 

The air in the lungs expands (a gas always fi lls its container), which 
causes a drop in air pressure. The air in the lungs is now at lower 
pressure than the air outside, so air fl ows into the lungs until the 
pressure is equalised.  

How is air expelled from the lungs?
The diaphragm and intercostal muscles relax. This removes the tension 
force on the strained elastic lungs, so they recoil to a smaller size. This 
decreases the air volume in the lungs, raising its pressure above that of 
the atmosphere. The air fl ows out of the lungs until the pressure reduces 
to that of the atmosphere. 

Which phase of breathing is passive?
The diaphragm and intercostal muscles actively contract to bring about 
inhalation, but exhalation is passive. Breathing out does not directly 
involve muscle contraction. The force is supplied by the stretched elastic 
lung undergoing passive recoiling. 

What happens if airways are narrowed?
Getting enough oxygen down into the lungs is critical for life and health, 
but some respiratory conditions, like asthma, can make this diffi cult. 
During an asthma attack, muscles around the airways tighten up and 
the lining of the airway swells. The airways narrow, making it hard 
to get enough air down into the alveoli and enough oxygen into the 
bloodstream.

Try sucking air through a drinking straw. Now pinch and hold the straw 
with your fi nger and thumb to make it narrower and try sucking air again. 
See how much more diffi cult it is to draw air through the pinched straw. 

Asthma can be controlled with drugs that prevent or treat attacks. 
Bronchodilator drugs are designed to relax the muscles that constrict 
the airways (like your fi nger and thumb clamping the straw). Other drugs, 
such as corticosteroids, reduce the infl ammation of the airways. 

What is respiration?
The oxygen we breathe in is delivered to cells around the body and 
used during respiration, which is the controlled enzymatic release of 
energy from biomolecules such as glucose. 

Aerobic respiration is an effi cient way of extracting useful energy from 
biomolecules in the form of ATP(Adenosine TriPhosphate). 

In fact aerobic respiration is about 20 times more effi cient than anaerobic 
respiration, which is also called fermentation.

We are endotherms. We use energy from metabolism to maintain a high 
constant body temperature. That means our rate of aerobic respiration 
is very fast, using up much oxygen and producing an equal amount of 
carbon dioxide (see respiration equation).

What is our source of oxygen?
The air is our oxygen reservoir. Oxygen makes up 21% of the air. 
That means there are 28x1020 molecules of oxygen in every half 
litre of air we draw into our lungs with each breath – that’s 
2,800,000,000,000,000,000,000 molecules – and each breath last 
about 4 seconds. 

Why does the carbon dioxide from 
respiration have to be excreted?
The body has some uses for the carbon dioxide produced in respiration. 
For example, carbon dioxide has a role as a blood buffer, maintaining the 
blood at pH 7.4. Also, the liver uses a small quantity of carbon dioxide in 
the formation of urea, a nitrogenous waste formed from excess dietary 
amino acids. 

But too much carbon dioxide is toxic. Accumulation of the excess carbon 
dioxide would cause severe metabolic problems leading to death.  

Therefore it has to be excreted, and the atmosphere is an excellent site 
into which to dump the waste carbon dioxide.
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IVAX - Breathing Easy

IVAX Corporation is a multinational organisation that 
discovers, develops, manufactures and markets 
pharmaceuticals and veterinary products. 

With headquarters in Miami, Florida, the company markets 
products in more than 80 countries around the globe and 
has direct operations in 36 countries, including a state-of-
the-art facility in Waterford that employs 700 people. 

IVAX manufactures asthma-controlling drugs, and in 
Waterford a large focus is on improving delivery of those 
medications. Inhalation is an effective way to deliver asthma-
controlling drugs quickly into the narrowed airway to open 
up the breathing tubes and allow more air into the lungs.        

Scientists and engineers at IVAX are working to make 
life easier for asthma sufferers. For example, they have 
developed a hand-held breath-activated inhaler device that 
senses when the user is breathing in and co-ordinates drug 
delivery with the breath. 

You can fi nd out more about IVAX and their 
products at www.ivax.co.uk and at 
www.sciencetechnologyaction.com 

Fig.3 Gas Exchange at the alveoli

Figure 4: IVAX Easi-Breathe Inhalers

What are the Features of Effi cient 
Gas Exchange?
•  Big surface area of contact between air and blood – 90 m2 of alveoli, 

40 billion capillaries.

•  Short distance between air and blood – only one hundredth the 
diameter of a hair.

• The alveoli are very small – all the air in them is close to the blood.

• The capillaries are very narrow – all the blood is close to the air. 

•  The walls of the alveoli are elastic – easily expanded to take extra air 
and automatically recoil, driving out the ‘stale air’.

•  A thin layer of water lines the walls of the alveoli – to dissolve the 
oxygen for its uptake into the body.

Are there any other factors to ensure 
effi cient gas exchange?
The temperature of the air in the alveoli must be as near as possible to 
body temperature - 37°C; the higher the temperature the faster the rate 
of diffusion.

The concentration difference of the gases between the air and the blood 
must be kept high. Therefore there is a continuous fl ow of blood across 
the alveoli and the air in the alveoli is replaced as we breathe about 15 
times a minute.
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We need oxygen to live. 
When we breathe in, oxygen 
travels in the air through the 
trachea and bronchi, into 
the bronchioles and fi nally 
reaches numerous sac-like 
structures called alveoli. The 
thin surfaces of the alveoli are 
in contact with blood vessels 
called capillaries. At the alveoli, 
oxygen enters the blood to be 
carried to cells in the body. 
Waste carbon dioxide in the 
blood is excreted at the alveoli 
and expelled in the air we 
breathe out.

IVAX and the Science of Breathing

Fig2. Aerobic Respiration

Fig.1  The Breathing System



Examination questions   

2005 Ordinary Level - Q1
(a) (i) Name the major blood vessels that carry blood

 1. from the heart to the lungs.

 2. from the lungs to the heart.

 (a) (ii) What gas is released from the blood when it reaches the lungs?(9)

 

(c) (i) Name the muscles that are used in breathing.

  (ii) Breathing causes pressure changes in the thoracic cavity. Describe 
briefl y how theses pressure changes are brought about.

  (iii) Name a breathing disorder. Give a possible cause of this disorder 
and suggest a means of prevention or treatment?(24)

2004: Higher Level State Examinations 
Commission: Sample Paper
1. (a) (i) Distinguish between breathing and respiration.

    (ii) Breathing rate in humans is controlled by the concentration of a 
gas dissolved in blood. 

  What gas is this? (9)
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Syllabus Reference

Leaving Certifi cate Biology: 2.2.5 Respiration 

3.4.4 The Breathing System in the Human

Junior Certifi cate: 1A4 Aerobic Respiration

Learning Objectives

On completing this lesson, the student should be able to:

 • Differentiate between breathing and respiration

 • Outline how air gets into and out of the lungs 

 • Identify the part of the lungs where oxygen enters the blood 

 • List the features of effi cient gas exchange

General Learning Points

Remembering these points will help you understand 
breathing and respiration.

•  The process of moving air into and out of the lungs can be explained 
by physics – we breathe by creating air pressure difference.

• A continuous supply of energy is needed to maintain life.

•  Aerobic respiration is the most effi cient way of making energy available 
to living cells.

•  The air is our reservoir of oxygen, but we also use it as our natural 
‘dumping ground’ for carbon dioxide.

•  Carbon dioxide is a dangerous waste gas produced by aerobic 
respiration and must be excreted.

•  Because oxygen and carbon dioxide are gases, the same structure 
can be used to absorb oxygen from the air and expel carbon dioxide 
into the air.

•  The simultaneous but opposite movement of the gases is known as 
‘gas exchange’.

• Our skin surface is only 2 m2 - too small for effi cient gas exchange.

•  Lungs have evolved as the gas exchange structure, and have 45 times 
the surface area of our skin.

•  Structure is related to function – note how the structure of each part 
of the breathing system is suited to its role, especially the alveoli and 
their associated capillaries.

•  It is the complex co-operation of many different parts of the body that 
supplies us with oxygen and gets rid of the carbon dioxide – there’s no 
success without teamwork.

IVAX and the Science of Breathing

Revise the Terms

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

Breathing; respiration; trachea; bronchi; bronchioles; alveoli; 
capillaries; blood; excreted;  lungs;  atmospheric pressure;  
diaphragm;  elastic; contract; rib cage; intercostal muscles; tension; 
inhalation; exhalation; bronchodilator; corticosteroids; enzymatic; 
energy; biomolecules; aerobic; ATP; anaerobic; fermentation; 
endotherms; metabolism; respiration;  buffer;  pH; liver; urea; 
excreted; soluble; diffusion.

Check the Glossary of Terms at 
www.sciencetechnologyaction.com

Practical Activities

•  Mandatory Practical Activity - To Investigate the Effect of Exercise on 
the Breathing Rate of a Human. There is a choice between this activity 
and a similar one to investigate the effect of exercise on the pulse.   

Investigative Activities
•  Place your hand on your midriff, just below the rib cage. Relax your 

abdominal muscles and breathe normally. Your hand is moved out when 
you breathe in and when you breathe out your hand falls back. Why? 

  [Clue: think about the motion of the diaphragm and what lies directly 
below it in the upper abdomen.]

•  Place your hands at the side of your rib cage and breathe strongly. Feel 
the movement of the rib cage.

•  Look at the ribs in your chest – they hang like a bucket handle. Using a 
bucket, raise the handle to a vertical position and note that there is a big 
gap between the handle and the bucket. Then check the movement of 
your ribs in a mirror as you breathe in deeply.

•  Place a fi nger on your larynx (Adam’s apple) and swallow. The larynx 
moves ‘up’ rapidly and then descends back into position. The upward 
movement closes off the entrance to the windpipe by bringing it up 
against the epiglottis.

•  Breathe onto a cold mirror. Notice the fi ne fi lm of condensed water on 
the mirror. This indicates that breathed-out air has more water vapour in 
it than ordinary air.

•  Make an artifi cial lung and relate each labelled part to a structure in the 
body’s breathing system. Now pull down the ‘rubber sheet’ and note 
what happens to the small balloon. Release the stretched rubber sheet. 
What happens to the balloon? Refer to your textbook for instructions on 
how to set up your artifi cial lung.
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(b)   The diagram shows the human 
breathing system.

 (i)  Name the parts labelled A, B, 
C, D, E.

 (ii)  Where do cilia occur in 
this system? What is their 
function?

 (iii) State precisely the events 
that take place at E. How is 
E adapted for these events? 
(27)

Exam Questions ctd.

Check your answers to these questions on 
www.sciencetechnologyaction.com

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

T F
T F

T F
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T F
T F
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(b)  The diagram shows part of the 
human breathing system.

 (i)  Name A, B, C, D.

 (ii)  D ends in a small sac. What 
is the name of this sac?

 (iii) What is the function of A?

  (iv) B contains rings of cartilage. 
Suggest a function of this 
cartilage.

 (v) Where is the epiglottis? What 
is its function?(27)

(

c)  Asthma and bronchitis are common disorders of the breathing system. 
Answer the following in relation to one of these disorders. State the 
disorder to which you refer.

 (i) State one possible cause of the disorder.

 (ii)  Suggest one way in which a person might adapt his/her lifestyle to 
minimise the effects of the disorder.

 (iii) Give an example of a treatment for the disorder. (24)

Biographical Notes
The fi ght against disease

From ancient times scientists have wanted to fi nd out more about how 
breathing keeps us alive. 

Claudius Galen
was a physician in Rome who treated injured gladiators. He demonstrated 
his experiments in public and worked at the royal court. Galen thought 
that once air entered the lungs, it traveled straight to the heart though the 
pulmonary vein. He reckoned that blood in the heart soaked up the air and 
received a ‘vital spirit’ which turned it bright red. He believed it was the 
‘vital spirit’ that moved the blood into the arteries and around the body.

Robert Boyle
an Irish scientist (1627-1691) who demonstrated that animals cannot 
survive long without air. He also showed that a candle would not burn in 
a bell-jar from which the air was removed. There was something in the air 
essential to maintain life and fi re. Do you know what it was?

Antoine-Laurent Lavoisier
(1743 – 1794) later explained the exchange of gases in the lungs. He 
believed that respiration and burning were alike because both required 
oxygen and produced carbon dioxide and water.

Discover more about these and other great scientists at 
www.scienceandtechnologyaction.com

(a) Respiration releases energy. 
  
(b)  The temperature of endotherms is controlled by their 
 environment.

(c)  The same amount of CO2 is made as oxygen is used in 
 respiration.

(d) Urea is made and excreted by the liver. 
 
(e) Gas exchange occurs at the alveoli.  
 
(f) Gas exchange occurs by osmosis.  
 
(g) The alveoli are surrounded by blood capillaries.
 
(h)  Air fl ows from areas of higher pressure to lower pressure.

(i)   Contraction of the diaphragm and intercostal muscles 
 brings in air.

(j) The intercostal muscles are responsible for most of the airfl ow. 

(k) The collapse of the lungs is due to their elastic recoil.

(l)  The average relaxed breathing rate is 30 breaths a minute. 

Examination questions   

2005 Ordinary Level - Q1
(a) (i) Name the major blood vessels that carry blood

 1. from the heart to the lungs.

 2. from the lungs to the heart.

 (a) (ii) What gas is released from the blood when it reaches the lungs?(9)

 

(c) (i) Name the muscles that are used in breathing.

  (ii) Breathing causes pressure changes in the thoracic cavity. Describe 
briefl y how theses pressure changes are brought about.

  (iii) Name a breathing disorder. Give a possible cause of this disorder 
and suggest a means of prevention or treatment?(24)

2004: Higher Level State Examinations 
Commission: Sample Paper
1. (a) (i) Distinguish between breathing and respiration.

    (ii) Breathing rate in humans is controlled by the concentration of a 
gas dissolved in blood. 

  What gas is this? (9)
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Learning Objectives

On completing this lesson, the student should be able to:

 • Differentiate between breathing and respiration

 • Outline how air gets into and out of the lungs 

 • Identify the part of the lungs where oxygen enters the blood 

 • List the features of effi cient gas exchange

General Learning Points

Remembering these points will help you understand 
breathing and respiration.

•  The process of moving air into and out of the lungs can be explained 
by physics – we breathe by creating air pressure difference.

• A continuous supply of energy is needed to maintain life.

•  Aerobic respiration is the most effi cient way of making energy available 
to living cells.

•  The air is our reservoir of oxygen, but we also use it as our natural 
‘dumping ground’ for carbon dioxide.

•  Carbon dioxide is a dangerous waste gas produced by aerobic 
respiration and must be excreted.

•  Because oxygen and carbon dioxide are gases, the same structure 
can be used to absorb oxygen from the air and expel carbon dioxide 
into the air.

•  The simultaneous but opposite movement of the gases is known as 
‘gas exchange’.

• Our skin surface is only 2 m2 - too small for effi cient gas exchange.

•  Lungs have evolved as the gas exchange structure, and have 45 times 
the surface area of our skin.

•  Structure is related to function – note how the structure of each part 
of the breathing system is suited to its role, especially the alveoli and 
their associated capillaries.

•  It is the complex co-operation of many different parts of the body that 
supplies us with oxygen and gets rid of the carbon dioxide – there’s no 
success without teamwork.

IVAX and the Science of Breathing

Revise the Terms

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

Breathing; respiration; trachea; bronchi; bronchioles; alveoli; 
capillaries; blood; excreted;  lungs;  atmospheric pressure;  
diaphragm;  elastic; contract; rib cage; intercostal muscles; tension; 
inhalation; exhalation; bronchodilator; corticosteroids; enzymatic; 
energy; biomolecules; aerobic; ATP; anaerobic; fermentation; 
endotherms; metabolism; respiration;  buffer;  pH; liver; urea; 
excreted; soluble; diffusion.

Check the Glossary of Terms at 
www.sciencetechnologyaction.com

Practical Activities

•  Mandatory Practical Activity - To Investigate the Effect of Exercise on 
the Breathing Rate of a Human. There is a choice between this activity 
and a similar one to investigate the effect of exercise on the pulse.   

Investigative Activities
•  Place your hand on your midriff, just below the rib cage. Relax your 

abdominal muscles and breathe normally. Your hand is moved out when 
you breathe in and when you breathe out your hand falls back. Why? 

  [Clue: think about the motion of the diaphragm and what lies directly 
below it in the upper abdomen.]

•  Place your hands at the side of your rib cage and breathe strongly. Feel 
the movement of the rib cage.

•  Look at the ribs in your chest – they hang like a bucket handle. Using a 
bucket, raise the handle to a vertical position and note that there is a big 
gap between the handle and the bucket. Then check the movement of 
your ribs in a mirror as you breathe in deeply.

•  Place a fi nger on your larynx (Adam’s apple) and swallow. The larynx 
moves ‘up’ rapidly and then descends back into position. The upward 
movement closes off the entrance to the windpipe by bringing it up 
against the epiglottis.

•  Breathe onto a cold mirror. Notice the fi ne fi lm of condensed water on 
the mirror. This indicates that breathed-out air has more water vapour in 
it than ordinary air.

•  Make an artifi cial lung and relate each labelled part to a structure in the 
body’s breathing system. Now pull down the ‘rubber sheet’ and note 
what happens to the small balloon. Release the stretched rubber sheet. 
What happens to the balloon? Refer to your textbook for instructions on 
how to set up your artifi cial lung.
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(b)   The diagram shows the human 
breathing system.

 (i)  Name the parts labelled A, B, 
C, D, E.

 (ii)  Where do cilia occur in 
this system? What is their 
function?

 (iii) State precisely the events 
that take place at E. How is 
E adapted for these events? 
(27)

Exam Questions ctd.

Check your answers to these questions on 
www.sciencetechnologyaction.com

True or False
Indicate whether the following are true (T) or false 
(F) by drawing a circle around T or F.
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(b)  The diagram shows part of the 
human breathing system.

 (i)  Name A, B, C, D.

 (ii)  D ends in a small sac. What 
is the name of this sac?

 (iii) What is the function of A?

  (iv) B contains rings of cartilage. 
Suggest a function of this 
cartilage.

 (v) Where is the epiglottis? What 
is its function?(27)

(

c)  Asthma and bronchitis are common disorders of the breathing system. 
Answer the following in relation to one of these disorders. State the 
disorder to which you refer.

 (i) State one possible cause of the disorder.

 (ii)  Suggest one way in which a person might adapt his/her lifestyle to 
minimise the effects of the disorder.

 (iii) Give an example of a treatment for the disorder. (24)

Biographical Notes
The fi ght against disease

From ancient times scientists have wanted to fi nd out more about how 
breathing keeps us alive. 

Claudius Galen
was a physician in Rome who treated injured gladiators. He demonstrated 
his experiments in public and worked at the royal court. Galen thought 
that once air entered the lungs, it traveled straight to the heart though the 
pulmonary vein. He reckoned that blood in the heart soaked up the air and 
received a ‘vital spirit’ which turned it bright red. He believed it was the 
‘vital spirit’ that moved the blood into the arteries and around the body.

Robert Boyle
an Irish scientist (1627-1691) who demonstrated that animals cannot 
survive long without air. He also showed that a candle would not burn in 
a bell-jar from which the air was removed. There was something in the air 
essential to maintain life and fi re. Do you know what it was?

Antoine-Laurent Lavoisier
(1743 – 1794) later explained the exchange of gases in the lungs. He 
believed that respiration and burning were alike because both required 
oxygen and produced carbon dioxide and water.

Discover more about these and other great scientists at 
www.scienceandtechnologyaction.com

(a) Respiration releases energy. 
  
(b)  The temperature of endotherms is controlled by their 
 environment.

(c)  The same amount of CO2 is made as oxygen is used in 
 respiration.

(d) Urea is made and excreted by the liver. 
 
(e) Gas exchange occurs at the alveoli.  
 
(f) Gas exchange occurs by osmosis.  
 
(g) The alveoli are surrounded by blood capillaries.
 
(h)  Air fl ows from areas of higher pressure to lower pressure.

(i)   Contraction of the diaphragm and intercostal muscles 
 brings in air.

(j) The intercostal muscles are responsible for most of the airfl ow. 

(k) The collapse of the lungs is due to their elastic recoil.

(l)  The average relaxed breathing rate is 30 breaths a minute. 



Examination questions   

2005 Ordinary Level - Q1
(a) (i) Name the major blood vessels that carry blood

 1. from the heart to the lungs.

 2. from the lungs to the heart.

 (a) (ii) What gas is released from the blood when it reaches the lungs?(9)

 

(c) (i) Name the muscles that are used in breathing.

  (ii) Breathing causes pressure changes in the thoracic cavity. Describe 
briefl y how theses pressure changes are brought about.

  (iii) Name a breathing disorder. Give a possible cause of this disorder 
and suggest a means of prevention or treatment?(24)

2004: Higher Level State Examinations 
Commission: Sample Paper
1. (a) (i) Distinguish between breathing and respiration.

    (ii) Breathing rate in humans is controlled by the concentration of a 
gas dissolved in blood. 

  What gas is this? (9)
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Learning Objectives

On completing this lesson, the student should be able to:

 • Differentiate between breathing and respiration

 • Outline how air gets into and out of the lungs 

 • Identify the part of the lungs where oxygen enters the blood 

 • List the features of effi cient gas exchange

General Learning Points

Remembering these points will help you understand 
breathing and respiration.

•  The process of moving air into and out of the lungs can be explained 
by physics – we breathe by creating air pressure difference.

• A continuous supply of energy is needed to maintain life.

•  Aerobic respiration is the most effi cient way of making energy available 
to living cells.

•  The air is our reservoir of oxygen, but we also use it as our natural 
‘dumping ground’ for carbon dioxide.

•  Carbon dioxide is a dangerous waste gas produced by aerobic 
respiration and must be excreted.

•  Because oxygen and carbon dioxide are gases, the same structure 
can be used to absorb oxygen from the air and expel carbon dioxide 
into the air.

•  The simultaneous but opposite movement of the gases is known as 
‘gas exchange’.

• Our skin surface is only 2 m2 - too small for effi cient gas exchange.

•  Lungs have evolved as the gas exchange structure, and have 45 times 
the surface area of our skin.

•  Structure is related to function – note how the structure of each part 
of the breathing system is suited to its role, especially the alveoli and 
their associated capillaries.

•  It is the complex co-operation of many different parts of the body that 
supplies us with oxygen and gets rid of the carbon dioxide – there’s no 
success without teamwork.
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Revise the Terms

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

Breathing; respiration; trachea; bronchi; bronchioles; alveoli; 
capillaries; blood; excreted;  lungs;  atmospheric pressure;  
diaphragm;  elastic; contract; rib cage; intercostal muscles; tension; 
inhalation; exhalation; bronchodilator; corticosteroids; enzymatic; 
energy; biomolecules; aerobic; ATP; anaerobic; fermentation; 
endotherms; metabolism; respiration;  buffer;  pH; liver; urea; 
excreted; soluble; diffusion.

Check the Glossary of Terms at 
www.sciencetechnologyaction.com

Practical Activities

•  Mandatory Practical Activity - To Investigate the Effect of Exercise on 
the Breathing Rate of a Human. There is a choice between this activity 
and a similar one to investigate the effect of exercise on the pulse.   

Investigative Activities
•  Place your hand on your midriff, just below the rib cage. Relax your 

abdominal muscles and breathe normally. Your hand is moved out when 
you breathe in and when you breathe out your hand falls back. Why? 

  [Clue: think about the motion of the diaphragm and what lies directly 
below it in the upper abdomen.]

•  Place your hands at the side of your rib cage and breathe strongly. Feel 
the movement of the rib cage.

•  Look at the ribs in your chest – they hang like a bucket handle. Using a 
bucket, raise the handle to a vertical position and note that there is a big 
gap between the handle and the bucket. Then check the movement of 
your ribs in a mirror as you breathe in deeply.

•  Place a fi nger on your larynx (Adam’s apple) and swallow. The larynx 
moves ‘up’ rapidly and then descends back into position. The upward 
movement closes off the entrance to the windpipe by bringing it up 
against the epiglottis.

•  Breathe onto a cold mirror. Notice the fi ne fi lm of condensed water on 
the mirror. This indicates that breathed-out air has more water vapour in 
it than ordinary air.

•  Make an artifi cial lung and relate each labelled part to a structure in the 
body’s breathing system. Now pull down the ‘rubber sheet’ and note 
what happens to the small balloon. Release the stretched rubber sheet. 
What happens to the balloon? Refer to your textbook for instructions on 
how to set up your artifi cial lung.
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(b)   The diagram shows the human 
breathing system.

 (i)  Name the parts labelled A, B, 
C, D, E.

 (ii)  Where do cilia occur in 
this system? What is their 
function?

 (iii) State precisely the events 
that take place at E. How is 
E adapted for these events? 
(27)
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Indicate whether the following are true (T) or false 
(F) by drawing a circle around T or F.
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(b)  The diagram shows part of the 
human breathing system.

 (i)  Name A, B, C, D.

 (ii)  D ends in a small sac. What 
is the name of this sac?

 (iii) What is the function of A?

  (iv) B contains rings of cartilage. 
Suggest a function of this 
cartilage.

 (v) Where is the epiglottis? What 
is its function?(27)

(

c)  Asthma and bronchitis are common disorders of the breathing system. 
Answer the following in relation to one of these disorders. State the 
disorder to which you refer.

 (i) State one possible cause of the disorder.

 (ii)  Suggest one way in which a person might adapt his/her lifestyle to 
minimise the effects of the disorder.

 (iii) Give an example of a treatment for the disorder. (24)

Biographical Notes
The fi ght against disease

From ancient times scientists have wanted to fi nd out more about how 
breathing keeps us alive. 

Claudius Galen
was a physician in Rome who treated injured gladiators. He demonstrated 
his experiments in public and worked at the royal court. Galen thought 
that once air entered the lungs, it traveled straight to the heart though the 
pulmonary vein. He reckoned that blood in the heart soaked up the air and 
received a ‘vital spirit’ which turned it bright red. He believed it was the 
‘vital spirit’ that moved the blood into the arteries and around the body.

Robert Boyle
an Irish scientist (1627-1691) who demonstrated that animals cannot 
survive long without air. He also showed that a candle would not burn in 
a bell-jar from which the air was removed. There was something in the air 
essential to maintain life and fi re. Do you know what it was?

Antoine-Laurent Lavoisier
(1743 – 1794) later explained the exchange of gases in the lungs. He 
believed that respiration and burning were alike because both required 
oxygen and produced carbon dioxide and water.

Discover more about these and other great scientists at 
www.scienceandtechnologyaction.com

(a) Respiration releases energy. 
  
(b)  The temperature of endotherms is controlled by their 
 environment.

(c)  The same amount of CO2 is made as oxygen is used in 
 respiration.

(d) Urea is made and excreted by the liver. 
 
(e) Gas exchange occurs at the alveoli.  
 
(f) Gas exchange occurs by osmosis.  
 
(g) The alveoli are surrounded by blood capillaries.
 
(h)  Air fl ows from areas of higher pressure to lower pressure.

(i)   Contraction of the diaphragm and intercostal muscles 
 brings in air.

(j) The intercostal muscles are responsible for most of the airfl ow. 

(k) The collapse of the lungs is due to their elastic recoil.

(l)  The average relaxed breathing rate is 30 breaths a minute. 

Examination questions   

2005 Ordinary Level - Q1
(a) (i) Name the major blood vessels that carry blood

 1. from the heart to the lungs.

 2. from the lungs to the heart.

 (a) (ii) What gas is released from the blood when it reaches the lungs?(9)

 

(c) (i) Name the muscles that are used in breathing.

  (ii) Breathing causes pressure changes in the thoracic cavity. Describe 
briefl y how theses pressure changes are brought about.

  (iii) Name a breathing disorder. Give a possible cause of this disorder 
and suggest a means of prevention or treatment?(24)

2004: Higher Level State Examinations 
Commission: Sample Paper
1. (a) (i) Distinguish between breathing and respiration.

    (ii) Breathing rate in humans is controlled by the concentration of a 
gas dissolved in blood. 

  What gas is this? (9)
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Syllabus Reference

Leaving Certifi cate Biology: 2.2.5 Respiration 

3.4.4 The Breathing System in the Human

Junior Certifi cate: 1A4 Aerobic Respiration

Learning Objectives

On completing this lesson, the student should be able to:

 • Differentiate between breathing and respiration

 • Outline how air gets into and out of the lungs 

 • Identify the part of the lungs where oxygen enters the blood 

 • List the features of effi cient gas exchange

General Learning Points

Remembering these points will help you understand 
breathing and respiration.

•  The process of moving air into and out of the lungs can be explained 
by physics – we breathe by creating air pressure difference.

• A continuous supply of energy is needed to maintain life.

•  Aerobic respiration is the most effi cient way of making energy available 
to living cells.

•  The air is our reservoir of oxygen, but we also use it as our natural 
‘dumping ground’ for carbon dioxide.

•  Carbon dioxide is a dangerous waste gas produced by aerobic 
respiration and must be excreted.

•  Because oxygen and carbon dioxide are gases, the same structure 
can be used to absorb oxygen from the air and expel carbon dioxide 
into the air.

•  The simultaneous but opposite movement of the gases is known as 
‘gas exchange’.

• Our skin surface is only 2 m2 - too small for effi cient gas exchange.

•  Lungs have evolved as the gas exchange structure, and have 45 times 
the surface area of our skin.

•  Structure is related to function – note how the structure of each part 
of the breathing system is suited to its role, especially the alveoli and 
their associated capillaries.

•  It is the complex co-operation of many different parts of the body that 
supplies us with oxygen and gets rid of the carbon dioxide – there’s no 
success without teamwork.

IVAX and the Science of Breathing

Revise the Terms

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

Breathing; respiration; trachea; bronchi; bronchioles; alveoli; 
capillaries; blood; excreted;  lungs;  atmospheric pressure;  
diaphragm;  elastic; contract; rib cage; intercostal muscles; tension; 
inhalation; exhalation; bronchodilator; corticosteroids; enzymatic; 
energy; biomolecules; aerobic; ATP; anaerobic; fermentation; 
endotherms; metabolism; respiration;  buffer;  pH; liver; urea; 
excreted; soluble; diffusion.

Check the Glossary of Terms at 
www.sciencetechnologyaction.com

Practical Activities

•  Mandatory Practical Activity - To Investigate the Effect of Exercise on 
the Breathing Rate of a Human. There is a choice between this activity 
and a similar one to investigate the effect of exercise on the pulse.   

Investigative Activities
•  Place your hand on your midriff, just below the rib cage. Relax your 

abdominal muscles and breathe normally. Your hand is moved out when 
you breathe in and when you breathe out your hand falls back. Why? 

  [Clue: think about the motion of the diaphragm and what lies directly 
below it in the upper abdomen.]

•  Place your hands at the side of your rib cage and breathe strongly. Feel 
the movement of the rib cage.

•  Look at the ribs in your chest – they hang like a bucket handle. Using a 
bucket, raise the handle to a vertical position and note that there is a big 
gap between the handle and the bucket. Then check the movement of 
your ribs in a mirror as you breathe in deeply.

•  Place a fi nger on your larynx (Adam’s apple) and swallow. The larynx 
moves ‘up’ rapidly and then descends back into position. The upward 
movement closes off the entrance to the windpipe by bringing it up 
against the epiglottis.

•  Breathe onto a cold mirror. Notice the fi ne fi lm of condensed water on 
the mirror. This indicates that breathed-out air has more water vapour in 
it than ordinary air.

•  Make an artifi cial lung and relate each labelled part to a structure in the 
body’s breathing system. Now pull down the ‘rubber sheet’ and note 
what happens to the small balloon. Release the stretched rubber sheet. 
What happens to the balloon? Refer to your textbook for instructions on 
how to set up your artifi cial lung.
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(b)   The diagram shows the human 
breathing system.

 (i)  Name the parts labelled A, B, 
C, D, E.

 (ii)  Where do cilia occur in 
this system? What is their 
function?

 (iii) State precisely the events 
that take place at E. How is 
E adapted for these events? 
(27)

Exam Questions ctd.

Check your answers to these questions on 
www.sciencetechnologyaction.com

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

T F
T F

T F

T F
T F
T F
T F
T F
T F

T F
T F
T F
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(b)  The diagram shows part of the 
human breathing system.

 (i)  Name A, B, C, D.

 (ii)  D ends in a small sac. What 
is the name of this sac?

 (iii) What is the function of A?

  (iv) B contains rings of cartilage. 
Suggest a function of this 
cartilage.

 (v) Where is the epiglottis? What 
is its function?(27)

(

c)  Asthma and bronchitis are common disorders of the breathing system. 
Answer the following in relation to one of these disorders. State the 
disorder to which you refer.

 (i) State one possible cause of the disorder.

 (ii)  Suggest one way in which a person might adapt his/her lifestyle to 
minimise the effects of the disorder.

 (iii) Give an example of a treatment for the disorder. (24)

Biographical Notes
The fi ght against disease

From ancient times scientists have wanted to fi nd out more about how 
breathing keeps us alive. 

Claudius Galen
was a physician in Rome who treated injured gladiators. He demonstrated 
his experiments in public and worked at the royal court. Galen thought 
that once air entered the lungs, it traveled straight to the heart though the 
pulmonary vein. He reckoned that blood in the heart soaked up the air and 
received a ‘vital spirit’ which turned it bright red. He believed it was the 
‘vital spirit’ that moved the blood into the arteries and around the body.

Robert Boyle
an Irish scientist (1627-1691) who demonstrated that animals cannot 
survive long without air. He also showed that a candle would not burn in 
a bell-jar from which the air was removed. There was something in the air 
essential to maintain life and fi re. Do you know what it was?

Antoine-Laurent Lavoisier
(1743 – 1794) later explained the exchange of gases in the lungs. He 
believed that respiration and burning were alike because both required 
oxygen and produced carbon dioxide and water.

Discover more about these and other great scientists at 
www.scienceandtechnologyaction.com

(a) Respiration releases energy. 
  
(b)  The temperature of endotherms is controlled by their 
 environment.

(c)  The same amount of CO2 is made as oxygen is used in 
 respiration.

(d) Urea is made and excreted by the liver. 
 
(e) Gas exchange occurs at the alveoli.  
 
(f) Gas exchange occurs by osmosis.  
 
(g) The alveoli are surrounded by blood capillaries.
 
(h)  Air fl ows from areas of higher pressure to lower pressure.

(i)   Contraction of the diaphragm and intercostal muscles 
 brings in air.

(j) The intercostal muscles are responsible for most of the airfl ow. 

(k) The collapse of the lungs is due to their elastic recoil.

(l)  The average relaxed breathing rate is 30 breaths a minute. 


