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Introduction






This book has been written and designed specifically for the AQA GCSE Physical Education specification, which began teaching in September 2016.


First examination for AQA GCSE Physical Education (8582) was in 2018.


To view the full specification and examples of assessment material for AQA GCSE Physical Education, please visit AQA’s website: www.aqa.org.uk.
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What’s new in this edition?




	
•  The assessment material, including Test Your Understanding and Practice Questions, has been updated to reflect past exam papers. This includes more analysis and evaluation (AO3), longer-form and higher-mark questions.


	
•  New sport activities included on the DfE’s latest GCSE PE activity list have been included as examples throughout the book and in the non-examined assessment section.


	
•  More support has been added to topics that students often find challenging, in particular in Chapter 2 (Movement analysis) and Chapters 5a (Socio-cultural influences), 5b (Commercialisation of physical activity and sport) and 5c (Ethical issues).


	
•  Sportspeople, sporting examples, data and statistics have all been updated to reflect current events.
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How to use this book


Although the content of this new edition has been updated, we have kept many of the popular original features. Each chapter has a range of these features which have been designed to present the course content in a clear and accessible way, to give you confidence and to support you in your revision and assessment preparation.
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Chapter objectives


Each chapter starts with a clear list of what is to be studied.
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Rapid recall


These contain hints and ideas to help you to remember things.


[image: ]












[image: ]


Summary


These boxes contain summaries of what you have learned in each section.
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Check your understanding


These questions have been designed speciﬁcally to help check that you have understood different topics.
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Activity


Activities appear throughout the book and have been designed to help you develop your understanding of various topics.
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PRACTICE QUESTIONS


These are to help you get used to the types of questions you may encounter in the exam.
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Study hint


These are suggestions to help you increase your knowledge of this subject.
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Key terms


Key terms in bold in the text are defined in boxes nearby and in the glossary. The key terms cover all AQA subject-specific words as well as any additional words students should know for the exam.
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Chapter 1a Applied anatomy and physiology
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Chapter objectives




	
•  Understand the structure and functions of the skeleton


	
•  Understand the structure and functions of synovial joints


	
•  Understand the movements involved at different joints
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The structure and functions of the musculoskeletal system




Structure of the skeleton
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Figure 1a.1 The skeleton provides the framework for our bodies.








The skeletal system provides a framework for the muscular system to produce movement.




	
1  The skeletal system allows movement at a joint.


	
2  The shape and type of bones determine the amount of movement – short bones enable finer, controlled movements, long bones enable gross movement.


	
3  The flat bones protect vital organs.


	
4  The different joint types allow different types of movement.


	
5  The skeleton provides a point of attachment for muscles – when muscles contract, they pull the bones.
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Key terms


Movement Muscles contract to pull the bones of the skeleton.


Joint Place where two or more bones meet.


Long bones The bones of the legs and arms. Long bones support the weight of the body and help with gross movements.
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Figure 1a.2 The skeleton protects several vital organs from damage when playing contact sports such as rugby.














The functions of the skeleton





	
1  Support: The bones are solid and rigid. They keep us upright and hold the rest of the body (the muscles and organs) in place.


	
2  Protection: Certain parts of the skeleton enclose and protect the body’s organs from external forces; for example, the brain is inside the cranium, the ribs protect the heart and lungs. This function is especially important in activities that involve contact, such as rugby or boxing.


	
3  Movement: The skeleton helps the body move by providing anchor points for the muscles to pull against. The long bones in the arms and legs work as levers to allow certain movements.


	
4  Structural shape and points for attachment: The skeleton gives us our general shape, such as height and build. Tall people have long leg bones and larger vertebrae (see Figure 1a.3). People with a heavy build have larger clavicles and scapula as well as bigger pelvises. The skeleton also provides anchorage points for the muscles to attach, so when they contract we move.


	
5  Mineral storage: Bone stores several minerals, including calcium and phosphorus, which can be released into the blood when needed.


	
6  Blood cell production: The inner marrow of the long bones and ribs produces red and white blood cells. Red blood cells are important in activities because they carry oxygen to the working muscles. White blood cells are important to fight off infections in order to keep healthy.
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Figure 1a.3 The skeleton gives shape for both the very tall basketball player and the very heavy sumo wrestler.
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Key terms


Support Bones keep us upright and hold muscles and organs in place.


Protection Some bones surround and protect vital organs from damage.


Red blood cells Carry oxygen to muscles.


White blood cells Fight infections.
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PRACTICE QUESTIONS




	
1  Explain, using examples, the role of flat bones in a sport such as rugby.

(3 marks)







Answers are on Page 170.
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Rapid recall


Create a mnemonic for the functions of the skeleton:


Support – e.g.


Shape


Protection


Movement


Minerals


Production


Super


Star


Performers


Make


Mince


Pies
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Synovial joints



Synovial joints are the most common type of joint in the body.




[image: ]



Figure 1a.4 Internal structure of a synovial joint.








Synovial joints are characterised by having a fluid-filled space between smooth cartilage pads at the end of the bones that form the joint. Surrounding the joint is a tough joint capsule that is lined with a synovial membrane.
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Check your understanding




	
1  What do we need support for?


	
2  What does the skeleton produce?


	
3  How do muscles cause movement?





Answers are on Page 170.
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The outer layer of capsule often includes ligaments that join bones to bones and strengthen the joint to prevent unnecessary movements and possible dislocations. The synovial membrane lining the capsule produces an oily synovial fluid that lubricates the joint and reduces friction and wear.


In addition to the joint capsule and ligaments that support a synovial joint, there are several important structures surrounding the joint that help cushion and protect the joint from friction and outside forces. Small bags of synovial fluid, known as bursae, surround the joint to reduce friction from the movement of tendons across the surface of the joint.
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Key terms


Synovial joint Type of joint commonly found in the limbs; contains a synovial membrane that produces synovial fluid.


Cartilage Covers ends of bones, providing a smooth, friction-free surface.


Capsule Tough fibrous tissue – surrounds synovial joints; usually supported by ligaments.


Ligaments Join bone to bone.


Dislocation When the bones of a joint separate from their normal position.


Synovial fluid Produced by the synovial membrane to lubricate the joint.


Bursae Fluid-filled bags that help reduce friction in a joint.


Tendons Attach muscles to bones.
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There are many different classes of synovial joints in the body, including hinge joints and ball and socket joints.






[image: ]


Check your understanding




	
4  Explain how different parts of a synovial joint provide support to stabilise the joint.


	
5  Explain how different parts of a synovial joint help it to move freely.


	
6  What is the function of tendons?





Answers are on Page 170.


[image: ]












[image: ]


PRACTICE QUESTIONS




	
2  What are the main functions of ligaments?

(1 mark)




	
3  What is the main function of cartilage?

(1 mark)




	
4  What is the main function of the synovial membrane?

(1 mark)







Answers are on Page 170.
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Activity 1


Describe the function of each of the following parts of a synovial joint:




	
•  Cartilage


	
•  Capsule


	
•  Synovial membrane


	
•  Synovial fluid


	
•  Bursae


	
•  Ligaments





Answers are on Page 171.
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Bones that form joints



A joint is where two or more bones are attached for the purpose of motion of body parts.




The head–neck joint


There is a joint where the neck meets the head. The bones in the neck are the vertebrae, and the uppermost of these joins with the cranium. This joint allows a person to nod their head.







The elbow joint


The elbow joint is a complex hinge joint formed between the end of the humerus in the upper arm and the ends of the ulna and radius in the forearm.
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Figure 1a.5 The elbow joint is where three bones, the humerus, ulna and radius, meet.








The inner side of the end of the humerus forms a hinge joint with the ulna, while the outer side meets the end of the head of the radius. The meeting of the humerus, radius and ulna at the elbow allows the lower arm to bend and straighten in relation to the upper arm.


The correct term for bending at the elbow is flexion. Flexion is defined as a movement where the angle between the bone of a joint is reducing. Straightening of the lower arm in relation to the upper arm is called extension. Extension is defined as a movement where the angle between the bones of a joint is increasing.
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Key terms


Vertebrae Bones that form the spine or backbone.


Hinge joint Joint that allows flexion and extension.


Flexion Movement where the angle between bones reduces.


Extension Movement where the angle between bones increases.
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Several ligaments surround the elbow joint which help the joint maintain its stability, allowing movement while resisting dislocation of the bones.
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Figure 1a.6 The elbow joint is a hinge joint, moving just like the hinge on a door – forwards and backwards.














The shoulder joint
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Figure 1a.7 The shoulder joint is the joint between the humerus and the scapula.
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Figure 1a.8 The ball at the end of the humerus fits loosely into the socket of the scapula.
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Figure 1a.9 The wide range of movement of the shoulder joint allows for flexion, extension, adduction, abduction, circumduction and rotation.








The shoulder joint is a ball and socket joint. It has the greatest range of movement of any joint in the body – only ball and socket joints can move forwards and backwards, side to side and rotate around their axis.


Imagine standing upright with your hands by your side. The ball and socket joint at the shoulder can allow your arm to move forwards and backwards (flexion and extension), move away to the side of the body and back again (abduction and adduction), and enable the arm to rotate (turn your thumb in towards the centre of your body or turn it away from the centre of your body).


Circumduction is a combination of flexion, extension, adduction and abduction. It is a conical movement of the whole arm that occurs when spinning the arm; for example, when serving in tennis or bowling in cricket.
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Key terms


Ball and socket joint Joint that allows many movements – flexion and extension, abduction and adduction, and rotation.


Range of movement A measure of the flexibility of a joint in terms of the different movements allowed.


Abduction Movement where limbs are moved away from the body.


Adduction Movement where limbs are moved back towards the body.


Rotation Turning a limb along its long axis.


Circumduction Movement when a limb is held straight and is moved as if to draw circles with the hand/foot at arm’s/leg’s length; e.g. bowling in cricket.
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However, the big drawback of a ball and socket joint is that its extensive range of movement makes it more likely to dislocate than other, less mobile, synovial joints.


The shoulder joint is formed from two bones: the humerus and the scapula. The round head of the humerus forms a ball and socket joint with a cup-like depression of the scapula.


The joint is held together by ligaments and muscles, but the joint is vulnerable to dislocations from sudden jerks of the arm.
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Rapid recall


When you adduct the arm, you ‘add’ it to the side of the body.
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Chest joints


When breathing (see Chapter 1b) the chest cavity changes size because of the action of the breathing muscles. To allow that movement to happen there are joints between the ribs and the sternum, and the ribs and the vertebrae.







The hip joint


The hip joint forms where the femur meets the pelvis. The head of the femur fits into a depression in the pelvis called the acetabulum and forms a ball and socket joint (like the shoulder), which allows the leg to move in several different directions.


The main movements of the hip that occur in sport are flexion and extension. Hip flexion involves the femur moving forwards from a standing position and extension occurs when the femur returns to a standing position.
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Figure 1a.10 The hip joint is formed between the femur and the pelvis.
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Figure 1a.11 Flexion and extension at the hip.














The knee joint
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Figure 1a.12 The front of the knee joint, showing the strong ligaments that help hold the joint in place.
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Figure 1a.13 The knee joint is formed from the femur and the tibia.
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Activity 2


Describe the direction of each of the following movements that can happen at the shoulder joint:




	
•   Flexion


	
•   Extension


	
•   Abduction


	
•   Adduction


	
•   Rotation


	
•   Circumduction





Answers are on Page 171.
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Study hint


Be aware of questions that ask you to explain about joints – this means you will need to provide a reason, e.g. ‘Explain the movement of the shoulder joint’ means say how it moves and say why it moves in that way.
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The knee joint allows the lower leg to move relative to the upper leg while supporting the body’s weight. Movements at the knee joint are essential to many everyday activities, including walking, running and moving into a standing position.


The knee is a hinge joint formed between two bones: the femur and tibia. The patella lies in front of the femur and is the bone we feel at the front of the knee. It is not actually part of the knee joint.


Between the femur and tibia is a layer of tough, rubbery cartilage known as the meniscus, which is the cartilage that is often talked about when describing knee injuries. The meniscus acts as a shock absorber inside the knee to prevent the collision of the leg bones during strenuous activities, such as running and jumping.


Many strong ligaments surround the knee to reinforce its structure and hold its bones in place. Two internal ligaments – the anterior and posterior cruciate ligaments – also help to keep the bones of the knee in their correct positions, and again are well known to sportspeople as they are often damaged.


As the knee is a hinge joint, its function is to permit the flexion and extension of the lower leg relative to the thigh.
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Key terms


Meniscus Cartilage acting as a shock absorber between the tibia and femur in the knee joint.


Cruciate ligaments Attach tibia to femur in the knee joint.
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Study hint


Remember that the patella is not part of the knee joint – it is just a protective cover.
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The ankle joint
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Figure 1a.14 The ankle joint is formed from the tibia and fibula of the lower leg and the talus bone in the foot.








The ankle joint is formed by the lower leg bones – the tibia and fibula – and the talus bone of the foot. These three bones form a synovial hinge joint.


The ankle works as a hinge joint, but the forward and backward movements have special names:


Plantar flexion is the term used for the movement that describes the pointing of the foot towards the ground, as in standing on tiptoes. Dorsiflexion is the opposite movement, and involves the movement of the foot away from the ground, as in pulling the toes up and walking on one’s heels.
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Key terms


Plantar flexion Movement at ankle where the toes are pointed towards the ground.


Dorsiflexion Movement at ankle where the toes are pulled up towards the knee.
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Figure 1a.15 The ankle movements of dorsiflexion and plantar flexion.
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Rapid recall


Plantar flexion involves pointing the toes.


Dorsiflexion involves digging the heel.
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Check your understanding




	
7  Name the bones that form the elbow joint.


	
8  Which type of synovial joint allows the greatest range of movement? Give an example.


	
9  What movements are possible at the ankle joint?





Answers are on Page 170.
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Numerous ligaments work together to limit extreme movements and dislocations of the ankle joint, while providing sufficient flexibility that helps the body walk on uneven surfaces and maintain its balance.


The shoulder, elbow, hip, knee and ankle are all examples of synovial joints.
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Check your understanding




	
10  Name the bones that form the knee joint.


	
11  Identify three different hinge joints.


	
12  What movements are possible at the shoulder joint?





Answers are on Page 170.
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PRACTICE QUESTIONS




	
5  Explain the difference between plantar flexion and dorsiflexion.

(2 marks)




	
6  What is the correct term for straightening the knee?

(1 mark)




	
7  Explain the difference between abduction and adduction.

(2 marks)




	
8  Evaluate the structure of the hip and shoulder joints in terms of both range of movement and stability during a team game such as netball.

(9 marks)







Answers are on Page 170.


[image: ]












[image: ]


Study hint


Be aware of questions that ask for a specific number of answers – e.g. if the question is ‘Name two bones in the elbow joint’ it is possible that only your first two answers will be accepted.
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Activity 3


Describe the movements that are possible at each of the following joints:




	
•   Shoulder


	
•   Elbow


	
•   Hip


	
•   Knee


	
•   Ankle





Answers are on Page 171.
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Summary




	
•  The skeleton provides a framework for movement.


	
•  The skeleton has several different functions.


	
•  Movements occur when bones move the synovial joints at the shoulder, elbow, hip, knee and ankle.


	
•  The movements are caused by various muscles pulling these bones.
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Chapter 1b The structure and function of the cardio-respiratory system
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Chapter objectives




	
•  Understand the pathway of air into and out of the lungs


	
•  Understand gas exchange at the alveoli and the features that assist in gaseous exchange


	
•  Understand the structure and function of arteries, capillaries and veins


	
•  Understand the structure of the heart


	
•  Understand the order of the cardiac cycle and the pathway of blood through the heart


	
•  Understand the terms ‘cardiac output’, ‘stroke volume’ and ‘heart rate’, and the relationship between them


	
•  Understand the mechanics of breathing as the interaction of the intercostal muscles, ribs and diaphragm


	
•  Understand and interpret lung volumes through spirometer traces
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The respiratory system
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Figure 1b.1 Structure of alveoli.
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Figure 1b.2 The respiratory system.








When we breathe in, air moves through the mouth and nose and then travels into the trachea. The trachea carries air from the throat to the lungs.


The inner surface of the trachea is covered in tiny hairs called cilia, which catch particles of dust, which are then removed when coughing. The trachea is kept open by rings of stiff cartilage.


Near the lungs, the trachea divides into two tubes called bronchi, one entering the left and the other entering the right lung. Once inside the lung the bronchi split several ways, forming smaller and smaller bronchi.


The small bronchi further divide into bronchioles, which are very narrow tubes, less than 1 millimetre in diameter. There is no cartilage within the bronchioles. At the end of each bronchiole are openings to the alveoli. There are usually several alveoli coming from one bronchiole, forming a little clump that resembles a cluster of grapes.
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Key terms


Trachea (or windpipe) Carries air from the mouth and nose to the lungs.


Lungs Pair of large, spongy organs optimised for gas exchange between our blood and the air.


Bronchi Carry air from the trachea into the lungs.


Bronchioles Carry air from the bronchi to the alveoli.


Alveoli Many tiny air sacs in the lungs which allow for rapid gaseous exchange.
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The basic function of alveoli is the exchange of gases. Capillaries carrying blood surround the alveoli. The exchange of oxygen from the lungs into the blood and the exchange of carbon dioxide in the blood from these capillaries occur through the walls of the alveoli.
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Activity 1


Draw a single vertical line; then draw two lines branching off the bottom of this vertical line, rather like an upside-down Y; draw numerous branches off the ends of the λ. Label these lines as if they were the following parts of the respiratory system:




	
•   Trachea


	
•   Bronchi


	
•   Bronchioles





Answers are on Page 173.
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Gaseous exchange


Gaseous exchange at the lungs takes place by diffusion. The gases carbon dioxide and oxygen move down a concentration gradient from a high concentration to low concentration (see Figure 1b.3).


This means that the oxygen in the alveoli that is at a relatively high concentration diffuses into the blood capillaries where the oxygen concentration is lower. The oxygen that diffuses out of the alveoli is replaced by the air that we continue to breathe in.


The same thing happens in the case of carbon dioxide. Blood in the capillaries surrounding the alveoli contains a relatively high concentration of carbon dioxide and the alveoli contain a lower concentration. Thus, carbon dioxide diffuses into the alveoli from the blood and is eventually breathed out.
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Activity 2
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Copy the diagram.


Label the circle as an alveolus and the tube as a blood capillary. Use arrows to show which direction oxygen and carbon dioxide move during breathing.


Explain why the gases move in the directions they do, using the terms diffusion and concentration.


Answers are on Page 173.
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Figure 1b.3 Gaseous exchange.
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PRACTICE QUESTIONS




	
1  Identify the structures that air moves through as it passes from the mouth to the alveoli.

(3 marks)








Answers are on Page 172.
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Check your understanding




	
1  What is the function of cilia?


	
2  What is the difference between bronchi and bronchioles?


	
3  What is the function of the rings of cartilage in the trachea?


	
4  What is the function of the alveoli?





Answers are on Page 171.
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The process of diffusion is a passive process and is helped by several factors:




	
•  The alveoli are very small in size and large in number (there are millions in each lung), and so the alveoli provide a large surface area for the exchange of gases.


	
•  The surface of alveoli and the walls of the blood capillaries are very thin (one cell thick) and moist which also helps the exchange of gases.


	
•  The alveoli and capillaries are touching each other so there is a very short distance for diffusion to occur (short diffusion pathway).


	
•  Each alveolus is surrounded by a network of blood capillaries, so there is a rich supply of blood for the gases to diffuse into/from.





When diffusing into the blood, the oxygen combines with haemoglobin, forming oxyhaemoglobin. Haemoglobin is a red pigment that is found in red blood cells that transports oxygen around the body. Carbon dioxide is also carried in red blood cells by haemoglobin.
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PRACTICE QUESTIONS




	
2  Describe the process of diffusion that occurs in the lungs.

(2 marks)








Answers are on Page 172.
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Breathing


Breathing is a two-stage process. Inspiration (inhalation) is the intake of air into the lungs, which is brought about by increasing the volume of the chest cavity. Expiration (exhalation) is the expulsion of air from the lungs through reducing the volume of the chest cavity.
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Key terms


Haemoglobin The red pigment found in red blood cells.


Oxyhaemoglobin Formed when oxygen combines with haemoglobin.


Inspiration The intake of air into the lungs.


Expiration The expulsion of air from the lungs.
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Both inspiration and expiration involve the use of muscles: the diaphragm and intercostal muscles. When these muscles contract, they cause the chest cavity to increase in size and, therefore, increase its volume.
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Figure 1b.4 The process of inspiration.
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Figure 1b.5 The process of expiration.
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Activity 3


List four factors that assist rapid diffusion, then reduce each factor to a single term. Produce and learn a mnemonic for those four factors.


Answers are on Page 174.
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Check your understanding




	
5  Explain why oxygen diffuses into the blood.


	
6  Name four factors that assist gas exchange.


	
7  What is the function of haemoglobin?





Answers are on Page 172.
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Rapid recall


INspiration is breathing IN.
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Rapid recall


The INtercostal muscles INcrease the volume of the chest cavity.
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During inspiration, the breathing muscles contract. Contraction of the dome-shaped diaphragm causes it to flatten, thus enlarging the chest cavity. At the same time, contraction of the intercostal muscles causes the ribs to rise, thus also increasing the size of the chest cavity.


When the chest cavity expands, its volume increases. This reduces the pressure in the chest cavity and air is passively drawn into the lungs. Air passes from the higher pressure outside the lungs to the lower pressure inside the lungs.


During expiration, the breathing muscles relax. The diaphragm curves and returns to its domed shape; the weight of the ribs causes them to descend and the chest volume decreases. The reduction in the size of the chest cavity increases the pressure of the air in the lungs and causes it to be expelled. Expiration is passive; the breathing muscles simply relax. Air passes from the high pressure in the lungs to the low pressure in the bronchi and trachea.


During exercise, the active process of inspiration is assisted by the additional contraction of the pectoral and sternocleidomastoid muscles, which further increase the size of the chest cavity and so allow more air to enter the lungs.


Also, during exercise, the normally passive process of expiration is assisted by contraction of the abdominal muscles, which help force air out of the lungs and so speed up expiration.
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Check your understanding




	  8  Name the breathing muscles used to inspire air during rest.


	  9  Name the breathing muscles used to inspire air during exercise.


	
10  How is air expired during rest?


	
11  Name the breathing muscles used to expire air during exercise.





Answers are on Page 172.
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PRACTICE QUESTIONS




	
3  Describe the mechanics of inhalation at rest.

(2 marks)




	
4  Describe how the mechanics of breathing change when running.

(2 marks)







Answers are on Page 173.
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Lung volumes


A spirometer is a piece of apparatus designed to measure lung volumes. It consists of a chamber filled with oxygen that floats on a tank of water. A person breathes from a mouthpiece attached to a tube which is connected to the chamber.


Breathing in takes oxygen away from the chamber, which then sinks down. Breathing out then pushes air into the chamber, causing it to float. During these movements, the lung volumes involved may be seen and measured.


The lung volumes are the amount of air breathed in, breathed out and found within the lungs at any given time.


Tidal volume is the amount of air that enters the lungs during normal inspiration at rest. The average tidal volume is 500 ml. The same amount leaves the lungs during expiration.


The inspiratory reserve volume is the amount of extra air inspired (above tidal volume) during a deep breath in. This can be as high as 3000 ml.


The expiratory reserve volume is the amount of extra air expired (above tidal volume) during a forceful breath out.


Residual volume is the amount of air left in the lungs following a maximal expiration. There is always some air remaining in the lungs.
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Figure 1b.6 Typical spirometer trace.
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Key terms


Pectoral and sternocleidomastoid muscles The muscles which help increase the size of the chest cavity, allowing more air to enter during inspiration.


Abdominal muscles The muscles which help force air out of the lungs and so speed up expiration.


Tidal volume The volume of air breathed in (or out) during a normal breath at rest.


Inspiratory reserve volume The additional air that can be forcibly inhaled after the inspiration of a normal tidal volume.


Expiratory reserve volume The additional air that can be forcibly exhaled after the expiration of a normal tidal volume.


Residual volume The volume of air that remains in the lungs after a maximal expiration.
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Study hint


Remember to avoid using abbreviations such as TV, IRV or ERV in the exam. Write them out in full.
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Check your understanding




	
12  What is the tidal volume?


	
13  Which lung volume is used to increase the amount of air breathed in?


	
14  What is the name of the amount of air left in the lungs after a full expiration?





Answers are on Page 172.
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PRACTICE QUESTIONS




	
5  Analyse the changes in the mechanics of breathing during exercise that lead to greater inspiration during high-intensity interval training than at rest.

(6 marks)




	
6  While running, a performer will experience changes in lung volumes. Complete the table below to show how the tidal volume, inspiratory reserve volume and expiratory reserve volume change during exercise.

(3 marks)












	Table 1b.1






	Volume name

	Value at rest

	Change during exercise










	Breathing rate

	16 breaths/min

	Increases






	Tidal volume

	    500 cm3


	 





	Inspiratory reserve volume

	3 100 cm3


	 





	Expiratory reserve volume

	1 200 cm3


	 





	Residual volume

	1 100 cm3


	No change









Answers are on Page 173.
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Activity 4


Copy the following diagram and label the tidal volume, the inspiratory reserve volume, the expiratory reserve volume and the residual volume.
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Figure 1b.7








Answers are on Page 174.
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Blood vessels


Arteries carry blood away from the heart. The blood within arteries is under the highest pressure. Arteries are elastic; they maintain the blood pressure by recoiling and narrowing when the heart is relaxing. Small arteries have muscular walls that can adjust their diameter to increase or decrease blood flow to a particular part of the body. When the rings of muscle in the small arteries contract, this makes the diameter of those arteries smaller and reduces the flow of blood through them. This is called vasoconstriction. The diameter of the small arteries can also increase (called vasodilation) to allow more blood to flow through them to the tissues. Vasodilation occurs during exercise to send more blood to the exercising muscles.
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Key terms


Artery Blood vessel carrying blood away from the heart.


Vasoconstriction Reducing the diameter of small arteries to reduce blood flow to tissues.


Vasodilation Increasing the diameter of small arteries to increase blood flow to tissues.
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Figure 1b.8 Blood is carried around the body in blood vessels. There are different types of blood vessel, each having a different function.








Capillaries are tiny, thin-walled blood vessels that join arteries (which carry blood away from the heart) and veins (which carry blood back to the heart). The thin walls of the capillaries allow gas exchange – oxygen passes from the blood into tissues and carbon dioxide passes from tissues into the blood. Nutrients also diffuse from blood in the capillaries into the surrounding tissues and waste products diffuse from the tissues into the blood.
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Key terms


Capillaries Very thin blood vessels that allow gas exchange to happen.


Vein Blood vessel carrying blood towards the heart.
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Rapid recall


Remember – Arteries carry blood Away from the heart.


[image: ]








Blood flows from the capillaries into very small veins, then into larger veins that lead back to the heart. Veins have much thinner walls than arteries because the blood pressure in veins is much lower. They also have a large internal diameter (lumen). Veins have valves to prevent blood from flowing backwards.


Table 1b.2 summarises the differences between the three types of blood vessel.








	
Table 1b.2 Differences between functions of arteries, capillaries and veins






	ARTERIES

	CAPILLARIES

	VEINS










	Carry blood away from the heart

	Huge network of tiny vessels linking arteries and veins

	Carry blood towards the heart






	Most (but not all) arteries carry bright red, oxygenated blood

	Very narrow – only one red blood cell at a time

	Most (but not all) veins carry dark red, deoxygenated blood






	Stretch as blood surges through and then return to normal shape; they have a pulse

	Very thin walls (one cell thick) to allow rapid diffusion of substances into and out of the blood

	No stretch; no pulse






	Thick, muscular and elastic walls to withstand pressure

	 

	Thin-walled






	Small lumen (internal diameter)

	 

	Large lumen (internal diameter)






	 

	 

	Have valves to prevent backflow of blood
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Check your understanding




	
15  What is the function of the elastic tissue in arteries?


	
16  Which type of blood vessel contains valves?


	
17  What is vasodilation?


	
18  Why are capillaries thin-walled?





Answers are on Page 172.
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Structure of the heart
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Figure 1b.9 Structure of the heart.
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Rapid recall


In diagrams of the heart, you will invariably be looking at the front of the heart, in which case the left side of the heart is on your right!
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The heart is a muscular organ about the size of a closed fist that pumps blood around the body. It is divided into separate left and right sides, and each side has an upper and a lower chamber. The upper chambers are the atria, which collect blood from veins, and the lower chambers are the ventricles, which pump out blood through the arteries.


The right side of the heart takes in deoxygenated blood through the veins and delivers it to the lungs for oxygenation. The oxygenated blood returns from the lungs to the left side of the heart and is then pumped into various arteries that provide oxygen and nutrients to the body tissues by transporting the blood throughout the body.
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Activity 5


Draw a square and divide it into quarters. Use this as a simple diagram of the heart. Label the right and left atria and the right and left ventricles on your diagram.


Answers are on Page 174.
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Activity 6


Use the same diagram from the activity above. Colour the left side of the heart blue to represent deoxygenated blood. Colour the right side of the heart red to represent oxygenated blood.


Use arrows to show the direction of blood flow into and out of the different chambers of the heart.


Answers are on Page 174.
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Cardiac cycle


The cardiac cycle is the sequence of events that occur when the heart beats. There are two phases of the cardiac cycle. In diastole, the heart ventricles are relaxed and the heart fills with blood. In systole, the ventricles contract and pump blood to the arteries. One cardiac cycle is completed when the heart fills with blood and the blood is pumped out of the heart.
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Key terms


Atria Upper chambers of the heart that collect blood from veins.


Ventricles Lower chambers of the heart which pump blood out of the heart to the arteries.


Cardiac cycle Sequence of events that occur when the heart beats.


Diastole Term used to describe the relaxation phase of the cardiac cycle.


Systole Term used to describe the contraction phase of the cardiac cycle.
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The events of the cardiac cycle described below trace the path of the blood as it enters the right side of the heart, is pumped to the lungs, travels back to the left side of the heart and is pumped out to the rest of the body. It should be noted that both the left and right sides of the heart go through diastole and systole at the same time as each other.


The flow of blood through the heart is controlled by pressure changes that cause different valves in the heart to open and allow blood to flow, and at other times close to prevent backflow of blood.


During diastole, the atria and ventricles are relaxed and the valves between the atria and ventricles (atrioventricular valves) are open. Deoxygenated blood from the main veins (the vena cavae) flows into the right atrium. The open atrioventricular valves allow blood to pass through to the ventricles.


Systole then occurs and the right atrium begins to contract, emptying its contents into the right ventricle. The right ventricle contracts soon after, forcing blood out of the heart along the pulmonary artery towards the lungs. The right atrioventricular valve is forced closed and prevents the blood from flowing back into the right atrium.


The deoxygenated blood flows through the pulmonary arteries to the lungs where gas exchange occurs. The blood picks up oxygen and carbon dioxide is removed before the blood returns to the left atrium of the heart through the pulmonary veins.


The oxygenated blood from the pulmonary veins fills the left atrium during diastole. Systole then begins again and the left atrium contracts and empties its contents into the left ventricle.


During systole, the left ventricle contracts, forcing the left atrioventricular valve to close, and the oxygenated blood is pumped into the aorta.
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Check your understanding




	
19  Distinguish between systole and diastole.


	
20  What is the function of the heart (atrioventricular) valves?


	
21  Describe the passage of blood from the right atrium to the lungs.


	
22  Describe the passage of blood from the lungs to the left ventricle.





Answers are on Page 172.
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Cardiac output


Cardiac output is the volume of blood that the heart is able to pump out. It is usually measured in litres per minute.


The cardiac output represents the volume of oxygenated blood that is delivered to the body.


Two major factors form the cardiac output: the heart rate, which is the number of times the heart beats each minute, and the stroke volume, which is the volume of blood that leaves the heart during each contraction.


Increasing the heart rate increases the cardiac output, by increasing the number of volumes of blood released into the system. The heart rate increases usually before activity because of the expectation of exercise. This slight increase in heart rate before exercise is called the ‘anticipatory rise’.


The stroke volume can be increased by the heart contracting with more force and so pushing more blood out with each beat.


The cardiac output, heart rate and stroke volume are related, such that:


cardiac output [Q] = heart rate [HR] × stroke volume [SV]
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Check your understanding




	
23  What is the cardiac output?


	
24  What is the relationship between stroke volume, heart rate and cardiac output?


	
25  What is the stroke volume?


	
26  What is the cardiac output of a performer who has a stroke volume of 70 ml and a heart rate of 70 beats per minute?





Answers are on Page 172.
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PRACTICE QUESTIONS




	
7  Describe the passage of blood from leaving the right atria to eventually reaching the left ventricle.

(4 marks)




	
8  Analyse the changes to the cardiac cycle that occur as heart rate increases when running.

(6 marks)







Answers are on Page 173.
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Study hint


If you have to provide mathematical information, remember to include the units – possibly converting ml/min into L/min.
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PRACTICE QUESTIONS




	
9  Briefly explain the terms ‘cardiac output’ and ‘stroke volume’ and the relationship between them.

(3 marks)







Answers are on Page 173.


[image: ]












[image: ]


Summary




	
•  Different structures are involved in the pathway of air into and out of the lungs.


	
•  Gas exchange in the alveoli is assisted by several features.


	
•  Blood vessels have structures that suit their function.


	
•  The cardiac cycle consists of systole and diastole and forces blood through the different parts of the heart.


	
•  There is a relationship between cardiac output, stroke volume and heart rate.


	
•  Different muscles cause changes in the volume and pressures within the chest cavity during breathing.


	
•  A spirometer may be used to measure different lung volumes.
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Chapter 1c Anaerobic and aerobic exercise
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Chapter objectives




	
•  Understand the idea of aerobic and anaerobic exercise during differing intensities


	
•  Understand the recovery process from vigorous exercise in terms of excess post-exercise oxygen consumption (EPOC)/oxygen debt


	
•  Understand methods to help recover from strenuous exercise


	
•  Understand the immediate effects of exercise (during exercise)


	
•  Understand the short-term effects of exercise (up to 36 hours after exercise)


	
•  Understand the long-term effects of exercise (months and years of exercising)
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Exercise


When somebody exercises, they need to supply energy for muscle contractions. This energy is usually supplied by breaking down food (mainly glucose) using oxygen; because this process uses oxygen it is called aerobic exercise.


Aerobic exercise occurs at low to moderate levels of exertion, when energy can be produced using oxygen. Walking and jogging are good examples of exercises where the energy for muscle contractions is provided aerobically.
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Figure 1c.1 Jogging is an aerobic exercise.








Anaerobic exercise is where the energy needed for exercise is provided in the absence of oxygen. Sprinting and shot putting are examples of activities where the energy is provided anaerobically (see Figure 1c.2).






[image: ]


Key terms


Aerobic exercise Exercise which uses oxygen.


Anaerobic exercise Exercise in the absence of enough/without oxygen.
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The main difference between aerobic and anaerobic exercise is the intensity and the duration of the exercise involved.
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Figure 1c.2 Sprinting is an anaerobic exercise.








Aerobic activities involve relatively gentle exercises that can be maintained for a long period of time. Aerobic activities are those where normal breathing can be used to supply the oxygen needed to the working muscles.


Anaerobic activities involve very high-intensity actions that can only be continued for a short period of time. Anaerobic exercises, if continued, will leave you breathless.


There are some activities, such as team games, that contain a mixture of aerobic and anaerobic exercise (see Figure 1c.3). During team games there will be times when the exercise is relatively gentle and the performer is walking/jogging and is aerobic. At other times, the performer may be sprinting and the exercise is strenuous and becomes anaerobic.
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Rapid recall


Aerobic sounds like ‘air’; air contains oxygen. If you’re asked for examples of aerobic and/or anaerobic exercise, use marathon running for aerobic exercise and sprinting for anaerobic exercise.


[image: ]












[image: ]


Activity 1


Separate the following list of sports into mainly aerobic exercises, anaerobic exercises and mixed exercises:


netball, pole vault, marathon, trampolining, cricket, triathlon.


Answers are on Page 176.
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Aerobic exercise involves the performer using oxygen to break down foods such as glucose. This reaction provides the energy needed for the activity and produces water and carbon dioxide as waste products. The process may be summarised as:


[image: ]


In anaerobic exercises, no oxygen is used. Because of this, the glucose is not fully broken down to carbon dioxide and water. Instead, it is converted into lactic acid while producing some energy needed for the activity. The process may be summarised as:


[image: ]


Lactic acid is one of the major causes of fatigue. This is why anaerobic exercise cannot be continued for more than a minute or so. The build-up of lactic acid in muscles causes fatigue and eventually pain, and the exercise has to slow down or, if strenuous, stop.
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Figure 1c.3 Team games involve a mixture of aerobic and anaerobic exercises.
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Check your understanding




	
1  Distinguish between aerobic and anaerobic exercise.


	
2  Write an equation that summarises aerobic exercise.


	
3  What is lactic acid?


	
4  Write an equation that summarises anaerobic exercise.





Answers are on Page 175.
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Activity 2


Identify three aerobic and three anaerobic movements/actions from a team game of your choice.


Answers are on Page 176.
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PRACTICE QUESTIONS




	
1  Is the marathon an aerobic or anaerobic event? Justify your answer.

(3 marks)




	
2  Evaluate whether a team game such as netball or basketball is an aerobic or anaerobic exercise.

(6 marks)







Answers are on Page 175.
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EPOC (oxygen debt)


During a short, intense burst of exercise such as sprinting, energy is generated anaerobically or without oxygen. When the body works anaerobically, it produces energy without oxygen and creates lactic acid as a waste product.
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Figure 1c.4 Exercise may cause fatigue.








When the strenuous exercise stops, the performer will still be breathing heavily.


During this time, after strenuous exercise, the body takes in extra oxygen to ‘repay’ the oxygen debt. The term ‘oxygen debt’ is more properly known as EPOC: excess post-exercise oxygen consumption.
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Key terms


Lactic acid Waste product from anaerobic exercise.


Oxygen debt Temporary oxygen shortage in the body due to strenuous exercise.


EPOC Increased rate of oxygen intake following strenuous activity.
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During recovery after anaerobic exercise, the body needs the extra oxygen to remove the lactic acid produced during the exercise. This is why the performer continues to breathe heavily, to repay their oxygen debt.


How long this oxygen debt lasts depends on how much lactic acid is produced, which in turn depends on how strenuous the exercise was and how long it lasted. It can take several hours to completely remove all the lactic acid produced during very intense exercise.
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Activity 3


Watch a 400 m race on YouTube. Explain in your own words why the performers look so tired after the event and the processes that are occurring during their recovery.


Answers are on Page 176.


[image: ]












[image: ]


Check your understanding




	
5  What does ‘EPOC’ stand for?


	
6  Why do we get an ‘oxygen debt’ after strenuous exercise?


	
7  What is the function of EPOC?





Answers are on Page 175.
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PRACTICE QUESTIONS




	
3  What is excess post-exercise oxygen consumption?

(2 marks)




	
4  What are the immediate effects of exercise on the body?

(3 marks)




	
5  Analyse the use of oxygen by a performer during a game of badminton.

(6 marks)







Answers are on Pages 175–6.
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Immediate effects of exercise (during exercise)


When a performer begins to exercise, the body has to supply extra oxygen to the working muscles. In order to do that, several changes take place in the body.


First, the heart begins to beat faster. Normal resting heart rate is somewhere around 70–80 beats per minute, but this can vary considerably. Exercise can easily raise the heart rate to 100–150 beats per minute or even higher, depending on how hard the exercise is.


The heart will also contract more powerfully during exercise, increasing the stroke volume. The increased heart rate and the more powerful contractions mean that more blood is being pumped around the body to supply the muscles with the glucose and oxygen they need.


The second immediate effect of exercise is that breathing rate increases. Resting breathing rate is about 15 breaths per minute. When exercise begins, not only does breathing rate increase but so does the depth of breathing, thus increasing tidal volume. The increased rate and depth of breathing allows for greater gaseous exchange at the lungs, so more oxygen enters the blood and more carbon dioxide is breathed out.


The third effect of exercise is that body temperature increases. This is because muscles are contracting more often and this generates heat, which increases body temperature. This increase in temperature is noticeable by the way the body tries to control it and keep cool. The body begins to sweat to try to lose heat by the evaporation of sweat from the skin’s surface. The skin goes red as blood vessels near the skin’s surface open to try to lose heat by radiation.
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Figure 1c.5 Sweating is normal during exercise.
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Activity 4


Make a list that summarises the three immediate effects of exercise.


Answers are on Page 176.
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Short-term effects of exercise (up to 36 hours after exercise)


Exercise may also affect the body some time after the exercise has finished. Individuals may experience fatigue the day after strenuous exercise. This tiredness is simply caused by the muscles having worked especially hard and becoming swollen with fluids, which leave them feeling heavy. This effect usually passes within a day or two.


Sometimes, following an exercise session, a performer may feel dizzy and light-headed as if they might faint. This is often caused by low blood sugar or a drop in blood pressure. This is more likely to occur if the performer has sweated heavily.


Nausea is the feeling of sickness or vomiting which can occur during and after exercise. It may be caused by overexertion during exercise, or from ending an exercise session too abruptly. Lack of water intake during exercise is a well-known cause of headaches and nausea during exercise. Exercising at a heavy rate causes blood flow to be taken away from a full stomach, another possible cause of nausea.
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Key terms


Nausea Feeling of sickness during/after exercise.
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The pain and stiffness sometimes felt in muscles after unaccustomed or strenuous exercise is more properly called delayed onset muscle soreness (DOMS). It is caused by eccentric muscle contractions performed during exercise, which cause tiny tears in muscle fibres, leading to swelling. The muscle is supposed to tear, because it repairs stronger, and this is the main benefit of training. Usually the muscle adapts rapidly to prevent muscle damage, and the soreness, if the exercise is repeated.


DOMS is different to, but often confused with, cramp. Cramp is a painful involuntary contraction of a muscle that is typically caused by fatigue or muscle strain, and is often linked to dehydration and loss of minerals due to excessive sweating.
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Study hint


Remember to avoid abbreviations such as DOMS or EPOC unless you have first written the term out in full.
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PRACTICE QUESTIONS




	
6  People may suffer when they begin an exercise programme. Explain the causes of:



	
a)  fatigue


	
b)   DOMS.

(2 marks)
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