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Introduction

This book has been written and designed for the new AQA Physical Education specifications introduced for first teaching in September 2016.

AQA A-level Physical Education 2 covers the content required for year 2 of AQA A-level Physical Education (7582) for first examination in 2018.

A separate book – AQA A-level Physical Education 1 – covers the content for year 1 and AQA AS Physical Education (7581) for first examination in 2017.

To view the full specifications, and examples of assessment material, for AQA AS or AQA A-level Physical Education, please visit AQA’s website: www.aqa.org.uk. The content of this book, as well as AQA A-level Physical Education 1, covers the topics in the new specification.

How to use this book

Each chapter has a range of features that 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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CHECK YOUR UNDERSTANDING

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

These are suggestions to help clarify what you should aim to learn.
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ACTIVITIES

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

Key terms, in bold in the text, are defined.

[image: ]




[image: ]

PRACTICE QUESTIONS

These are questions to help you get used to the type of questions you may encounter in the exam.
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SUMMARY


•  These boxes contain summaries of what you have learned in each section.
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Chapter 1.1 Energy systems
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Chapter objectives

After reading this chapter you should be able to:


•  Understand the energy continuum to explain which energy system is the main energy provider according to the intensity and duration of exercise.

•  Identify the difference in ATP production depending on the fibre type used.

•  Identify that during short duration/high intensity exercise the anaerobic glycolytic and ATP–PC systems are used.

•  Understand the effects of using the anaerobic glycolytic energy system through an explanation of lactate accumulation, lactate threshold and OBLA.

•  Explain oxygen consumption during exercise and recovery through oxygen deficit and EPOC.

•  Identify VO2 max and explain the factors that affect it and how it is measured.

•  Explain the measurements of energy expenditure to include indirect calorimetry, lactate sampling, and respiratory exchange ratio.

•  Understand the impact of altitude training, high intensity interval training, plyometrics and speed agility quickness on energy systems.
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Energy transfer in the body

We need a constant supply of energy so that we can perform everyday tasks such as tissue repair and body growth. The more exercise we do, the more energy is required. When we exercise, the body converts energy from food into energy for muscle contractions in order to produce movements such as running, jumping, catching and throwing. This chapter looks at how this energy is provided in a wide range of physical activities from the 100 metres where energy is required very quickly, to the marathon where energy needs to be provided for a long period of time. The intensity and duration of an activity play an important role in the way in which energy is provided.

In the body the energy we use for muscle contractions comes from adenosine triphosphate (ATP). It is the only usable form of chemical energy in the body. The energy we derive from the foods that we eat, such as carbohydrates, is broken down to release energy that is used to form ATP. ATP consists of one molecule of adenosine and three (tri) phosphates (Figure 1).

The energy that is stored in ATP is released by breaking down the bonds that hold this compound together (Figure 2).

Enzymes are used to break down compounds and in this instance ATPase is the enzyme used to break down ATP leaving adenosine di-phosphate (ADP) and an inorganic phosphate (Pi) (Figure 3).
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Figure 1 An ATP molecule
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Figure 2 Energy is released when the compound is broken down
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Figure 3 ATP-ase breaks down ATP to produce ADP and Pi
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KEY TERM

Adenosine triphosphate (ATP): The only usable form of energy in the body.
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The body has to constantly rebuild ATP by converting the ADP and Pi back into ATP. We can re-synthesise ATP from three different types of chemical reactions in the muscle cells. These chemical reactions are fuelled by either food or a chemical called phosphocreatine which is found in the muscles. The conversion of these fuels into energy takes place through one of three energy systems:


1  The aerobic system

2  The ATP–PC system

3  The anaerobic glycolytic system



Each energy system is suited to a particular type of exercise depending on its intensity and duration, and whether oxygen is present. The higher the intensity of the activity, the more the individual will rely on anaerobic energy production from either the ATP–PC or the anaerobic glycolytic systems. The lower the intensity and the longer the duration of the activity, the more the individual will use the aerobic system.
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STUDY HINT

Intensity and duration of exercise play a key role in deciding which system is used to provide the energy so apply this knowledge and choose the correct system!
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The aerobic system

When exercise intensity is low and oxygen supply is high, e.g. jogging, the aerobic system is the preferred energy pathway. This system breaks down glucose into carbon dioxide and water which, in the presence of oxygen, is much more efficient. The complete oxidation of glucose can produce up to 38 molecules of ATP. Fats in the form of fatty acids and proteins in the form of amino acids can also be broken down. The products of fat and protein metabolism are reduced to the molecule acetyl coenzyme A that enters the Krebs cycle (stage two of the aerobic system).

How it works to provide energy

The aerobic system has three stages:


1  Glycolysis. This first stage is anaerobic so it takes place in the sarcoplasm of the muscle cell. Glycolysis is the breakdown of glucose to pyruvic acid and is discussed in more detail later in this chapter. For every molecule of glucose undergoing glycolysis, a net of two molecules of ATP is formed.



Before the pyruvic acid produced in glycolysis can enter the next stage (Krebs cycle) it is oxidised into two acetyl groups and is then carried into Krebs cycle by coenzyme A.


2  Krebs cycle. The two acetyl groups diffuse into the matrix of the mitochondria (see Figure 5) and a complex cycle of reactions occurs in a process known as the Krebs cycle. Here the acetyl groups combine with oxaloacetic acid, forming citric acid. Hydrogen is removed from the citric acid and the rearranged form of citric acid undergoes ‘oxidative carboxylation’ which simply means that carbon and hydrogen are given off. The carbon forms carbon dioxide which is transported to the lungs and breathed out and the hydrogen is taken to the electron transport chain. The reactions that occur result in the production of two molecules of ATP.
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KEY TERMS

Glycolysis: A process in which glucose is converted to pyruvate to produce energy.

Sarcoplasm: The fluid that surrounds the nucleus of a muscle fibre and is the site where anaerobic respiration takes place.

Krebs cycle: A series of cyclical chemical reactions that take place using oxygen in the matrix of the mitochondrion.
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Figure 4 A cross-section through a mitochondrion
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Figure 5 The Krebs cycle
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3  Electron transport chain. Hydrogen is carried to the electron transport chain by hydrogen carriers. This occurs in the cristae of the mitochondria and the hydrogen splits into hydrogen ions and electrons and they are charged with potential energy. The hydrogen ions are oxidised to form water while the hydrogen electrons provide the energy to re-synthesise ATP. Throughout this process 34 ATP are formed.
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KEY TERM

Electron transport chain: Involves a series of chemical reactions in the cristae of the mitochondria where hydrogen is oxidised to water and 34 ATP are produced.
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Memory tools

Remember GKE (Get Kinetic Energy) for the three stages of the aerobic system: G stands for glycolysis, K stands for Krebs cycle and E stands for electron transport chain.

It is important to remember that so far we have only discussed glucose with regards to the aerobic system, but fats in the form of fatty acids and proteins in the form of amino acids are two other energy sources that can be broken down under aerobic conditions to provide energy for us to exercise. (Protein metabolism is not in the specification as its breakdown is very complex and it is not a significant source during exercise but it is important to realise that it can produce some energy.) These can both enter the Krebs cycle and eventually the electron transport chain to produce ATP.

Beta oxidation

Stored fat is broken down into glycerol and free fatty acids for transportation by the blood. These fatty acids then undergo a process called beta oxidation whereby they are converted into acetyl coenzyme A, which is the entry molecule for the Krebs cycle. From this point on, fat metabolism follows the same path as glycogen metabolism. More ATP can be made from one molecule of fatty acids than one molecule of glucose, which is why in long duration, low-intensity exercise, fatty acids will be the predominant energy source but this does depend on the fitness of the performer.
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STUDY HINT

Make sure you have a basic overview of each energy system and can identify when they are used.
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	Advantages of the aerobic system
	Disadvantages of the aerobic system



	

•  More ATP can be produced: 36 ATP.

•  There are no fatiguing by-products (carbon dioxide and water).

•  Lots of glycogen and triglyceride stores so exercise can last for a long time.


	

•  This is a complicated system so cannot be used straight away. It takes a while for enough oxygen to become available to meet the demands of the activity and ensure glycogen and fatty acids are completely broken down.

•  Fatty acid transportation to muscles is low and also requires 15% more oxygen to be broken down than glycogen.
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CHECK YOUR UNDERSTANDING

The aerobic system has three stages, one of which is the ‘Krebs cycle’. Describe how energy is produced during the ‘Krebs cycle’.
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Figure 6 Summary of the aerobic system
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ACTIVITY

Test your knowledge and try to draw your own diagram, starting with glucose in the top left-hand corner and ending with the electron transport chain in the bottom right-hand corner. Then add the stages to summarise aerobic energy metabolism.
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The ATP–PC system

This is an energy system using phosphocreatine (PC) as its fuel. PC is an energy-rich phosphate compound found in the sarcoplasm of the muscles and can be broken down quickly and easily to release energy to re-synthesise ATP. Its rapid availability is important for a single maximal movement such as the long jump take-off or shot putt. However, the disadvantage of this system is that the stores are limited, as there is only enough PC to last for 5–8 seconds and it can only be replenished during low-intensity work when oxygen is available. Think of Usain Bolt running the 100 m. He does not run the whole 100 m with PC as his only energy source. He slows down in the last 20 m as his stores of PC run out and he has to use a slower method of producing energy.
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KEY TERM

Phosphocreatine (PC): An energy-rich phosphate compound found in the sarcoplasm of the muscles.
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ACTIVITY

Can you think of four different sporting examples when the ATP–PC system would be the predominant method of re-synthesising ATP?
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How it works to provide energy

The ATP–PC system is an anaerobic process and re-synthesises ATP when the enzyme creatine kinase detects high levels of ADP. It breaks down the phosphocreatine in the muscles to phosphate and creatine, releasing energy:

Phosphocreatine (PC) → phosphate (Pi) + creatine (C) + energy
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KEY TERMS

Anaerobic: A reaction that can occur without the presence of oxygen.

Coupled reaction: When energy required by one process is supplied by another process.
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This energy is then used to convert ADP to ATP in a coupled reaction:

Energy → + Pi + ADP → ATP

For every molecule of PC broken down, there is enough energy released to create one molecule of ATP. This means the system is not very efficient but it does have the advantage of not producing fatiguing by-products and its use is important in delaying the onset of the anaerobic glycolytic system (see later). However, the fact it runs out quickly means that if there is a need to work at a high level of intensity for longer, then we need to find another source of energy to re-synthesise ATP. We can do this using carbohydrates in the anaerobic glycolytic system.
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STUDY HINT

The ATP–PC system is the predominant energy system for high-intensity, short-duration activity lasting between 5 and 8 seconds. For high-intensity activity lasting less than 3 seconds, energy will be provided from just the breakdown of ATP.
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	Advantages of the ATP–PC system
	Disadvantages of the ATP–PC system



	

•  ATP can be re-synthesised rapidly using the ATP–PC system.

•  Phosphocreatine stores can be re-synthesised quickly – (30 s = 50% replenishment and 3 mins = 100%).

•  There are no fatiguing by-products.

•  It is possible to extend the time the ATP–PC system can be utilised through use of creatine supplementation.


	

•  There is only a limited supply of phosphocreatine in the muscle cell, i.e. it can only last for 10 seconds.

•  Only one mole of ATP can be re-synthesised for every mole of PC.

•  PC re-synthesis can only take place in the presence of oxygen (i.e. when the intensity of the exercise is reduced).
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CHECK YOUR UNDERSTANDING

Name the main energy system being used in the 100 m and explain how this system provides energy for the working muscles.

(Try to decide which key points you need to include when explaining how this energy system works.)
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The short-term lactate anaerobic system/anaerobic glycolytic system

The ATP–PC system is an immediate anaerobic system but as already discussed can only supply energy for a short amount of time. The short-term lactate anaerobic system, also called the anaerobic glycolytic system, provides energy for high-intensity activity for longer than the ATP–PC system. However, how long this system last depends on the fitness of the individual and how high the exercise intensity is. Working flat out to exhaustion will mean the system will last a much shorter time (hence short-term). This is because the demand for energy is extremely high. In practice an elite athlete who has just run the 400 m in under 45 seconds will not be able to run it again immediately at the same pace! However reduce the intensity a little and the system can last up to 2–3 minutes because the demand for energy is slightly less. The anaerobic glycolytic system re-synthesises ATP from the breakdown of the fuel glucose. This is supplied from the digestion of carbohydrates and is stored in the muscles and liver as glycogen, where it is readily available.
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KEY TERM

Short-term lactate anaerobic system: produces high powered energy for high intensity effort in events such as the 400 m.
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ACTIVITY

Can you think of three different sporting examples when the anaerobic glycolytic system would be the predominant method of re-synthesising ATP?
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How it works to provide energy

When the PC stores are low, the enzyme glycogen phosphorylase is activated to break down the glycogen into glucose, which is then further broken down to pyruvic acid by the enzyme phosphofructokinase. This process is called anaerobic glycolysis and takes place in the sarcoplasm of the muscle cell where oxygen is not available. Since this is an anaerobic process, the pyruvic acid is then further broken down into lactic acid by the enzyme lactate dehydrogenase (LDH).

During anaerobic glycolysis, energy is released to allow ATP re-synthesis. The net result is two molecules of ATP are produced for one molecule of glucose broken down. (There are actually four moles of ATP produced but two are used to provide energy for glycolysis itself.)


[image: ]
Figure 7 The lactate anaerobic system
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STUDY HINT

The key points about glycolysis are:


•  Breakdown of glucose to pyruvic acid.

•  Produces two molecules of ATP.

•  During intense exercise, pyruvic acid converted into lactic acid.
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The anaerobic glycolytic system provides energy for high-intensity activities lasting up to 3 minutes but can peak at 45 seconds, for example, 400 m.
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STUDY HINT

The anaerobic glycolytic system is the predominant energy system for high-intensity activity lasting up to 3 minutes.
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	Advantages of the anaerobic glycolytic system
	Disadvantages of the anaerobic glycolytic system



	

•  ATP can be re-synthesised quite quickly due to very few chemical reactions and lasts for longer than the ATP–PC system.

•  In the presence of oxygen, lactic acid can be converted back into liver glycogen or used as a fuel through oxidation into carbon dioxide and water.

•  It can be used for a sprint finish (i.e. to produce an extra burst of energy).


	

•  Lactic acid as the by-product! The accumulation of acid in the body de-natures enzymes and prevents them increasing the rate at which chemical reactions take place.

•  Only a small amount of energy can be released from glycogen under anaerobic conditions (5% as opposed to 95% under aerobic conditions).
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CHECK YOUR UNDERSTANDING

Name the main energy system being used in the 400 m and explain how this system provides energy for the working muscles.
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The energy continuum of physical activity

When we start any exercise, the demand for energy will rise rapidly. The energy continuum is a term used to describe which energy system is used for different types of physical activity. It refers to the contribution that the different energy systems make to the production of energy, depending on the intensity and duration of exercise. The three energy systems do not work independently of one another. They all contribute during all types of activities, but one of them will be the predominant energy provider. The intensity and duration of the activity are the factors that decide which will be the main energy system in use. For some activities it is easy to identify which is the predominant energy system. The 100 m, for example, is a highly explosive, short duration activity which takes an elite performer approximately 10 seconds to complete so the ATP–PC system will be the predominant energy system. In contrast, the marathon is a long duration, lower intensity activity so the aerobic system will be the predominant energy system.
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KEY TERM

Energy continuum: A term which describes the type of respiration used by physical activities. Whether it is aerobic or anaerobic respiration depends on the intensity and duration of the exercise.
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ACTIVITY

Into which box would you place the following athletics events on this continuum?


•  100 m

•  400 m

•  1500 m

•  Marathon
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However, in a game where the level of intensity is constantly changing, there will be a mix of all three energy systems as the main energy provider.
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ACTIVITY

Copy and complete the table below by giving examples from a game of your choice to show when each of the three energy systems will be used.
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The energy continuum is often explained in terms of thresholds. The ATP–PC/anaerobic glycolytic threshold is the point at which the ATP–PC energy system is exhausted and the anaerobic glycolytic system takes over. This is shown in Figure 8 at 10 seconds. The anaerobic glycolytic/aerobic threshold shown in Figure 8 at 3 minutes is the point at which the anaerobic glycolytic system is exhausted and the aerobic system takes over.
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CHECK YOUR UNDERSTANDING

Analyse the relative contributions of different energy systems in a game of basketball compared to a game of football.
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Figure 8 The energy continuum related to exercise duration





	Duration of performance
	Energy supplied by
	Example



	Less than 10 seconds
	ATP–PC
	100 m, long jump



	8–90 seconds
	ATP–PC and anaerobic glycolytic
	200 m, 400 m, gymnastic floor routine



	90 seconds to 3 minutes
	Anaerobic glycolytic and aerobic
	1500 m, a round of boxing



	3+ minutes
	Aerobic
	Marathon, cross-country skiing




Differences in ATP generation between fast and slow twitch muscle fibres

Remember from Book 1 that slow twitch fibres are used for low to medium intensity activity so therefore use aerobic respiration as their main method of receiving fuel. Fast twitch fibres are recruited for high intensity activities such as sprinting so anaerobic respiration is their main energy pathway. Anaerobic respiration is much quicker than aerobic respiration but it is an inefficient process, producing only two ATP per glucose molecule, and muscles fatigue much quicker due to the build-up of lactic acid.

The table below summarises the differences in ATP generation between fast and slow twitch fibres:



	Slow twitch (Type 1)
	Fast twitch (Type 2x)



	

•  The main pathway for ATP production is in the aerobic system.

•  It produces the maximum amount of ATP available from each glucose molecule (up to 36 ATP).

•  Production is slow but these fibres are more endurance based so less likely to fatigue.


	

•  The main pathway for ATP production is via the lactate anaerobic energy system (during glycolysis).

•  ATP production in the absence of oxygen is not efficient – only two ATP produced per glucose molecule.

•  Production of ATP this way is fast but cannot last for long as these fibres have least resistance to muscle fatigue.
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STUDY HINT

Slow twitch fibres are aerobic and fast twitch fibres are anaerobic.
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Energy transfer during long duration/lower intensity exercise

As already mentioned on page 2, exercising for long periods of time at low intensity uses the aerobic system as the preferred method for producing energy. This is because at low intensity exercise, the demand for oxygen can easily be met and glucose can be broken down much more efficiently when oxygen is present. Fats are used for energy at low intensity, but as intensity increases, their usage becomes limited because they require more oxygen than glucose in their breakdown. As soon as oxygen supplies become limited, fat use for energy drops.

Oxygen consumption during exercise (maximal and submaximal oxygen deficit)

When we exercise, the body uses oxygen to produce energy (re-synthesise ATP). Oxygen consumption is the amount of oxygen we use to produce ATP and is usually referred to as VO2. At rest we consume oxygen at a rate of approximately 0.3 to 0.4 litres per minute. At the start of exercise we use more oxygen to provide more ATP so our oxygen consumption increases. As the intensity of the exercise increases, so does the amount of oxygen consumed until a performer reaches maximal oxygen consumption which can be 3–6 litres per minute. This is our VO2 max which is the maximum volume of oxygen that can be taken up and used by the muscles per minute.
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KEY TERMS

Oxygen consumption: The amount of oxygen we use to produce ATP.

VO2 max: The maximum volume of oxygen that can be taken up by the muscles per minute.

Sub-maximal oxygen deficit: When there is not enough oxygen available at the start of exercise to provide all the energy (ATP) aerobically.
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When we start to exercise, insufficient oxygen is distributed to the tissues for all the energy to be provided aerobically. This is because it takes time for the circulatory system to respond to the increase in demand for oxygen and it also takes time for the mitochondria to adjust to the rate of aerobic respiration needed. As a result, energy is provided anaerobically to satisfy the increase in demand for energy until the circulatory system and mitochondria can cope! This is referred to as sub-maximal oxygen deficit.

Maximum oxygen deficit is usually referred to as maximal accumulated oxygen deficit or MAOD. It gives an indication for anaerobic capacity. Figure 10 shows the difference between maximal and sub-maximal oxygen deficit. As you can see from the graph, oxygen deficit is bigger during maximal exercise as the performer is short of more oxygen at the start as they have to work more anaerobically. Hence the idea of maximal (accumulated) oxygen deficit.
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STUDY HINT

You should aim to be able to label oxygen deficit on a graph.
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Figure 9 The difference between maximal and sub-maximal oxygen deficit



Oxygen consumption during recovery (excess post-exercise oxygen consumption EPOC)

Recovery involves returning the body to its pre-exercise state. When a performer finishes exercise, oxygen consumption still remains quite high in comparison with oxygen consumption at rest. This is because extra oxygen needs to be taken in and used to try to help the performer recover. This breathlessness after exercise is often referred to as excess post-exercise oxygen consumption (EPOC).
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KEY TERM

EPOC: The amount of oxygen consumed during recovery above that which would have been consumed at rest during the same time.
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There are two main components to EPOC.
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STUDY HINT

Questions have often asked why a performer is breathless after exercise. Remember this breathlessness is EPOC!

[image: ]



The fast component

The fast replenishment stage uses the extra oxygen that is taken in during recovery to restore ATP and phosphocreatine and to re-saturate myoglobin with oxygen. Complete restoration of phosphocreatine takes up to 3 minutes but 50 per cent of stores can be replenished after only 30 seconds, during which time approximately 3 litres of oxygen are consumed.
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KEY TERM

Fast component: The restoration of ATP and phosphocreatine stores and the re-saturation of myoglobin with oxygen.
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CHECK YOUR UNDERSTANDING

Use the graph below to work out how much PC has been restored at 1 minute.
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The graph above shows the relationship between recovery time and the replenishment of muscle phosphagens after exercise.
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ACTIVITY

This knowledge of recovery times for the replenishment of ATP and phosphocreatine is useful for a coach or performer who will want to prevent the use of the lactic acid system with its fatiguing by-product. Can you think of an example in a team game where it is possible to delay play for up to a minute to allow for significant restoration of PC stores?
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Myoglobin has a high affinity for oxygen. It stores oxygen in the sarcoplasm that has diffused from the haemoglobin in the blood. After exercise, oxygen stores in the myoglobin are limited. The surplus of oxygen supplied through EPOC helps replenish these stores, taking up to 2 minutes and using approximately 0.5 litres of oxygen.

The slow component

The oxygen consumed during the slow replenishment stage (sometimes referred to as the lactacid component) has several functions:

Removal of lactic acid

Lactic acid accumulates during exercise, and during recovery it needs to be removed. Full recovery may take up to an hour or longer, depending on the intensity and duration of the exercise. Lactic acid can be removed in the following ways:


•  When oxygen is present, lactic acid can be converted back into pyruvate and oxidised into carbon dioxide and water in the inactive muscles and organs. This can then be used by the muscles as an energy source.

•  Transported in the blood to the liver where it is converted to blood glucose and glycogen (the Cori cycle).

•  Converted into protein.

•  Removed in sweat and urine.




[image: ]

KEY TERM

The Cori cycle: The process where lactic acid is transported in the blood to the liver where it is converted to blood glucose and glycogen.
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The majority of lactic acid can be oxidised in mitochondria so performing a cool-down can accelerate its removal. This is because exercise keeps the metabolic rate of muscles high and keeps capillaries dilated, which means oxygen can be flushed through, removing the accumulated lactic acid. The slow replenishment stage of recovery begins as soon as lactic acid appears in the muscle cell, and will continue using breathed oxygen until recovery is complete. This can take up to 5–6 litres of oxygen in the first half hour of recovery, removing up to 50 per cent of the lactic acid.
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Figure 10 Blood lactate removal for different intensities of exercise
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ACTIVITY

Can you put the following labels in the correct position?


•  Oxygen consumption during exercise

•  Oxygen deficit

•  Fast replenishment stage

•  Slow replenishment stage
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Maintenance of breathing and heart rates

Maintaining breathing and heart rates requires extra oxygen to provide the energy needed for the respiratory and heart muscles. This assists recovery as the extra oxygen is used to replenish ATP and phosphocreatine stores, re-saturate the myoglobin and remove lactic acid, therefore returning the body back to its pre-exercise state.

Glycogen replenishment

Glycogen is the main energy provider and, as it is the fuel for both the aerobic system and anaerobic glycolytic system, it will be depleted during exercise. The replacement of glycogen stores depends on the type of exercise undertaken and when and how much carbohydrate is consumed following exercise. It may take several days to complete the restoration of glycogen after a marathon, but in less than an hour after high duration, short intensity exercise, a significant amount of glycogen can be restored as lactic acid and is converted back to blood glucose and glycogen in the liver via the Cori cycle. Eating a high carbohydrate meal will accelerate glycogen restoration, as will eating within one hour following exercise.

There are two nutritional windows for optimal recovery after exercise. The first is 30 minutes after exercise where both carbohydrates and proteins should be consumed in a 3:1 or 4:1 ratio. The combination of carbohydrates and protein helps the body to re-synthesise muscle glycogen much more efficiently than just consuming carbohydrates on their own. Many elite athletes drink chocolate milkshake after exercise. The second nutritional window is 1–3 hours after exercise and a meal high in protein, carbohydrate and healthy fat should be consumed.

Increase in body temperature

When temperature remains high, respiratory rates will also remain high and this will help the performer take in more oxygen during recovery. However, extra oxygen (from the slow component of EPOC) is needed to fuel this increase in temperature until the body returns to normal.


[image: ]

STUDY HINT

Questions on EPOC often involve a description of the fast and slow replenishments.
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ACTIVITY

Copy the following diagram and see if you can summarise the functions of the fast and slow components of EPOC:
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EPOC

Fast component:

•

•

Slow component:

•

•

•
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CHECK YOUR UNDERSTANDING

At the end of an 800 m swim, the swimmer will be out of breath and will continue to breathe heavily even though they have come to a complete rest. Explain why this breathlessness occurs.
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Energy transfer during short duration/high intensity exercise

During short duration/high intensity exercise, energy has to be produced rapidly. The aerobic system is too complicated to produce energy rapidly so the body needs to rely on anaerobic respiration, using the ATP–PC system and the anaerobic glycolytic system. However, these systems cannot produce energy for long periods of time. As we have already discussed, the ATP–PC system can only produce energy for high intensity activities lasting up to 10 seconds. The anaerobic glycolytic energy system can last for longer (up to 3 minutes) but it depends on what intensity the performer is working at for how long it lasts. Think of a 400-metre runner – they will complete their event in 45–60 seconds using mainly the anaerobic glycolytic system. At the end of their race, they will be exhausted because of the build-up of lactic acid and certainly unable to run another race without a long period of recovery. Compare this with an 800-metre runner – they will not be running as fast, but will still be mainly using their anaerobic glycolytic energy system, but because the demand for energy is less, they can run using that system for longer.

Lactate accumulation

Lactate and lactic acid are not the same thing but the terms are often used interchangeably. Using the anaerobic glycolytic system produces the by-product lactic acid as a result of glycolysis. The higher the intensity of exercise, the more lactic acid is produced. This lactic acid quickly breaks down, releasing hydrogen ions (H+). The remaining compound then combines with sodium ions (Na+) or potassium ions (K+) to form the salt lactate. As lactate accumulates in the muscles, more hydrogen ions are present and it is actually the presence of hydrogen ions that increases acidity. This slows down enzyme activity which affects the breakdown of glycogen causing muscle fatigue. The lactate produced in the muscles diffuses into the blood and blood lactate can be measured.
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STUDY HINT

Lactic acid or lactate?

Lactic acid is C3H6O3. When lactic acid releases H+, the remaining bit of the acid joins with Na+ to form a salt – lactate. These terms are often used interchangeably because glycolysis produces lactic acid which immediately dissociates and lactate is formed.
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The lactate threshold and onset blood lactate accumulation (OBLA)

As exercise intensity increases, the body moves from working aerobically to anaerobically. This crossing of the aerobic/anaerobic threshold is also known as the lactate threshold and is the point at which lactic acid rapidly accumulates in the blood (increase by 2 millimoles per litre of blood above resting levels). We are constantly producing small amounts of lactate due to red blood cell activity when working at low intensity but the levels are low and the body deals with these effectively. However, as the intensity of the exercise increases and the body is unable to produce enough oxygen to break down lactate, the levels of lactate build up/accumulate and this is known as OBLA (onset blood lactate accumulation).
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KEY TERMS

Lactate threshold: The point during exercise at which lactic acid quickly accumulates in the blood.

OBLA: The point when lactate levels go above 4 millimoles per litre.
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OBLA and lactate threshold are simply different ways of measuring the same thing. OBLA is the older term and lactate threshold is a more recent American term. At rest, approximately 1–2 millimoles per litre of lactate can be found in the blood. However, during intense exercise, levels of lactate will rise dramatically and as it starts to accumulate, OBLA occurs. This is usually when the concentration of lactate is around 4mmol per litre. Measuring OBLA gives an indication of endurance capacity. Some individuals can work at higher levels of intensity than others before OBLA and can delay when the threshold occurs.

Lactate threshold is expressed as a percentage of VO2 max. As fitness increases, the lactate threshold becomes delayed. Average performers may have a lactate threshold that is 50–60 per cent of their VO2 max, whereas elite performers may have a lactate threshold that is 70, 80 or even 90 per cent of their VO2 max. Training has a limited effect on VO2 max because VO2 max is largely genetically determined. The big difference in performance comes from the delayed lactate threshold. When we exercise we tend to work at or just below our lactate threshold – in other words, at a level where fatigue (caused by lactate) is not going to cause our performance to deteriorate. The fitter we are, the higher our lactate threshold as a percentage of our VO2 max and hence the harder we can work.
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ACTIVITY

The graphs show changes in oxygen uptake (VO2) and lactate levels of an average performer and an elite performer. There are noticeable differences between the two graphs. Can you find them and explain why?
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Figure 11a Changes in oxygen uptake (VO2) and lactate levels of an average performer
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Figure 11b Changes in oxygen uptake (VO2) and lactate levels of an elite performer
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The multi-stage fitness test is a good practical example to illustrate OBLA. As the test becomes more and more demanding because of the reduced time to complete each shuttle, the performer eventually reaches a point where energy cannot be provided aerobically. This means the performer has to use the anaerobic systems to re-synthesise ATP. Levels of lactate produced in the muscles increase until eventually muscle fatigue occurs and the performer slows down or is no longer able to keep up with the bleep.
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CHECK YOUR UNDERSTANDING

As part of their training programme, an elite 400 m runner uses interval training. The table below shows their time for six 400 m sprints, where each sprint was followed by a 60-second recovery period:
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During this training session, the athlete would have reached their lactate threshold. What do you understand by the term lactate threshold and how would the majority of the athlete’s energy be supplied during the periods of activity?
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Factors affecting the rate of lactate accumulation

Exercise intensity

The higher the exercise intensity, the greater the demand for energy (ATP) and the faster OBLA occurs. Fast twitch fibres are used for high intensity exercise and can only maintain their workload with the use of glycogen as a fuel. When glycogen is broken down in the absence of oxygen into pyruvic acid, lactic acid is formed.

Muscle fibre type

Slow twitch fibres produce less lactate than fast twitch fibres. When slow twitch fibres use glycogen as a fuel, due to the presence of oxygen, the glycogen can be broken down much more effectively and with little lactate production.

Rate of blood lactate removal

If the rate of lactate removal is equivalent to the rate of lactate production, then the concentration of blood lactate remains constant. If lactate production increases, then lactate will start to accumulate in the blood until OBLA is reached. (How lactate is removed will be discussed later in this chapter.)

The respiratory exchange ratio

This is described in more detail later on in this chapter. It is the ratio of carbon dioxide produced compared to oxygen consumed. As this ratio has a value close to 1:0, glycogen becomes the preferred fuel and there is a greater chance of the accumulation of lactate.

Fitness of the performer

A person who trains regularly will be in a better position to delay OBLA as adaptations occur to trained muscles. Increased numbers of mitochondria and myoglobin, together with an increase in capillary density, improve the capacity for aerobic respiration and therefore avoid the use of the lactate anaerobic system.

Lactate-producing capacity and sprint/power performance

Elite sprinters and power athletes will have a much better anaerobic endurance than non-elite sprinters. This is because their body has adapted to cope with higher levels of lactate. In addition, through a process called buffering, they will be able to increase the rate of lactate removal and consequently have lower lactate levels. Buffering works rather like a sponge mopping up water but instead the sponge soaks up the lactate. This means the athletes will be able to work at higher intensities for longer before fatigue sets in. As well as being able to tolerate higher levels of lactate, the trained status of their working muscles will lead to adaptive responses. There will be a greater number and size of mitochondria and the associated oxidative enzymes, increased capillary density and more myoglobin.
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KEY TERM

Buffering: A process which aids the removal of lactate and maintains acidity levels in the blood and muscle.
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Factors affecting VO2 max/aerobic power

VO2 max is the maximum volume of oxygen that can be taken up and used by the muscles per minute. An individual’s VO2 max will determine endurance performance in sport. Average VO2 max for an A-level student is around 45–55 ml/kg/min for males and 35–44 ml/kg/min for females. Three-time Tour de France winner Greg LeMond has a VO2 max of 92.5 ml/kg/min. This means he has more oxygen going to the muscles and can utilise this oxygen to provide energy to enable a high rate of exercise. One of the reasons why this is possible is that his body has adapted as a result of his training to take up and use more oxygen. These are physiological factors that have increased his VO2 max but there also other more general factors that can affect VO2 max.


[image: ]

CHECK YOUR UNDERSTANDING

State and explain three structural/physiological characteristics that can lead to an improvement in VO2 max.

[image: ]




[image: ]
Figure 12 Factors affecting VO2 max
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Factors affecting VO2 max

Physiological


•  Increased maximum cardiac output

•  Increased stroke volume/ejection fraction/cardiac hypertrophy

•  Greater heart rate range

•  Less oxygen being used for heart muscle so more available to muscles

•  Increased levels of haemoglobin and red blood cell count

•  Increased stores of glycogen and triglycerides

•  Increased myoglobin content

•  Increased capillarisation around the muscles

•  Increased number and size of mitochondria

•  Increased surface area of alveoli

•  Increased lactate tolerance



Lifestyle: Smoking, sedentary lifestyle, poor diet and poor fitness can all reduce VO2 max values

Body composition: A higher percentage of body fat decreases VO2 max

Training: VO2 max can be improved by up to 10–20 per cent following a period of aerobic training (continuous, fartlek and aerobic interval)

Genetics: Inherited factors of physiology limit possible improvement

Gender: Men generally have approx. 20 per cent higher VO2 max than women

Differences in age: As we get older our VO2 max declines as our body systems become less efficient
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Measurements of energy expenditure

Measuring how much energy an athlete uses gives an indication of the intensity of the exercise that is being performed and can be used to identify levels of fitness. It will highlight the dietary requirements needed for the performer to recover and replace the energy they have used, as well as providing feedback on the effectiveness of a training programme. The following measurements are all used by elite performers to gauge energy expenditure.

Indirect calorimetry

Indirect calorimetry is discussed in Chapter 6.8 The role of technology in physical activity and sport, but the emphasis is on testing and recording. You also need to know how indirect calorimetry works as a method of measuring energy expenditure. It is a technique that provides an accurate estimate of energy expenditure through gas exchange. It measures how much carbon dioxide is produced and how much oxygen is consumed at both rest and during aerobic exercise. Calculating the gas volumes also enables us to find out the main substrate being used (fat or carbohydrate). The accuracy of this test is very reliable as it gives a precise calculation of VO2 (oxygen consumption) and VO2 max.
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KEY TERMS

Calorimetry: The calculation of heat in physical changes and chemical reactions.

Indirect calorimetry: Measures the production of CO2 and/or the consumption of O2.
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Figure 13 Indirect calorimetry



Lactate sampling

Blood lactate measurements are used amongst elite performers in sports such as running, swimming and rowing to monitor training and predict performance. Lactate sampling involves taking a tiny blood sample and a handheld device analyses the blood and indicates how much lactate is present. This is an accurate and objective measure of the level of lactate in the blood. It can also be used as a means of measuring exercise intensity. The higher the exercise intensity at which the lactate threshold occurs, the fitter the athlete is considered to be. Lactate testing can give an idea of level of fitness. It will allow the performer to select relevant training zones, whether they are expressed in terms of heart rate (beats per minute) or power (watts), in order to get the desired training effect. Regular lactate testing provides a comparison from which the coach and performer can see whether improvement has occurred. If test results show a lower lactate level at the same intensity of exercise, this should indicate that the performer has an increase in peak speed/power, increased time to exhaustion, improved recovery heart rate and finally a higher lactate threshold.
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Figure 14 Measuring blood lactate levels



VO2 max test

There are many tests that can evaluate VO2 max and you probably tried a few when you studied for your PE GCSE. The most common one is the multi-stage fitness test or more commonly called the ‘bleep’ test. Here the individual performs a 20-metre progressive shuttle run to a bleep, until they reach complete exhaustion. The level that is reached can be compared with a standard results table. Other tests include the Harvard step test and Cooper’s 12-minute run, but all of these only give an indication or prediction of VO2 max. A sports science laboratory can produce much more valid and reliable results using direct gas analysis.
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KEY TERMS

Direct gas analysis: Measures the concentration of oxygen that is inspired and the concentration of carbon dioxide that is expired.

Cycle ergometer: A stationary bike that measures how much work is being performed.
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Tests using this method involve increasing intensities on a treadmill, cycle ergometer or rowing machine. Tests on a treadmill are accurate methods carried out under laboratory conditions. An individual runs on a treadmill to exhaustion while the air that is expired is calculated by computer software. The volume and concentration of oxygen in the expired air is then measured and compared with the percentage of oxygen that is in atmospheric air to see how much oxygen has been used during the task.
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Figure 15 A treadmill test



Respiratory exchange ratio (RER)

The respiratory exchange ratio (RER) is the ratio of carbon dioxide produced compared to oxygen consumed and is used as a measure of exercise intensity. It provides information about fuel usage during exercise. Energy sources such as carbohydrates, fat and protein can all be oxidised to produce energy. For a certain volume of



•  A RER value close to 1 = performer using carbohydrates

•  A RER value of approx. 0.7 = performer using fats

•  A RER value greater than 1 = anaerobic respiration so more CO2 being produced than O2 consumed
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Impact of specialist training methods on energy systems

Altitude training
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High intensity interval training (HIIT)



•  The duration of the work interval.

•  The intensity or speed of the work interval.

•  The duration of the recovery interval.

•  The number of work intervals and recovery intervals.





•  different numbers of high intensity work intervals and low intensity recovery intervals

•  different lengths of time for the work and recovery intervals

•  different exercise intensity for the recovery interval (low or medium intensity).



Plyometrics



•  Eccentric phase or pre-loading/pre-stretching phase. On landing, the muscle performs an eccentric contraction where it lengthens under tension.

•  Amortisation phase is next and is the time between the eccentric and concentric muscle contractions. This time needs to be as short as possible so the energy stored from the eccentric contraction is not lost. When an eccentric contraction occurs, a lot of the energy required to stretch or lengthen the muscle is lost as heat but some of the energy can be stored and is then available for the subsequent concentric contraction.

•  Concentric or muscle contraction phase uses the stored energy to increase the force of the contraction.
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Speed, agility, quickness (SAQ)
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1  Elite athletes may use the results from lactate sampling to ensure that their training is effective. Explain the term lactate sampling.


2  Wayde Van Niekerk holds the world record for the 400 m with a time of 43.03 seconds. Explain how the majority of energy was provided during the race.


3  At the end of a team game, players may experience EPOC. Define EPOC and give the functions of the fast component of EPOC and explain how these functions are achieved.


4  Explain the factors that can affect lactate threshold.


5  Elite athletes spend considerable time developing their fitness, using a variety of methods, in order to produce peak performance.




    a) Explain why some athletes, such as marathon runners, may choose to spend time training at altitude.


    b) What are the potential problems associated with altitude training?





6  The triathlon is an athletic event that involves performers undertaking a long distance swim, immediately followed by a cycle race and then finally a run of several kilometres. Name the main energy system being used throughout the race and explain how this system provides energy for the working muscles. At the end of the race, the triathlete will be out of breath and will continue to breathe heavily even though they have come to a complete rest. Explain why this breathlessness occurs.
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Amateur boxing

Relevant comments

Assessment 1
Attacking skills

Assessment 2

Defensive skills

Assessment 3

Tactics & strategies

Association Football

Cannot be 5-a-side or
futsal

Attacking skills

Defensive skills

Tactics & strategies

Athletics Event 1 Event2 Tactics & strategies
Badminton Attacking skills Defensive skills Tactics & strategies
Basketball Attacking skills Defensive skills Tactics & strategies
Camogie Attacking skills Defensive skills Tactics & strategies
Canoeing (Flat water] Event/race 1 Event/ race 2 Tactics & strategies
(White water] Downstream skills Upstream skills
Cricket Attacking skills Defensive skills Tactics & strategies
Cycling Track or road cycling | Attacking skills Defensive skills Tactics & strategies
only
Dance Dance 1 Dance 2 Choreography
Diving Platform diving Attacking skills Defensive skills Tactics & strategies
Gaelic football Attacking skills Defensive skills Tactics & strategies
Golf Short irons (7- wedges), | Long irons (Driver-6 | Tactics & strategies
putting iron)
Gymnastics Floor routines and Piece of equipment 1 | Piece of equipment 2 | Tactics & strategies
apparatus only
Handball Attacking skills Defensive skills Tactics & strategies
Hockey Must be field hockey, | Attacking skills Defensive skills Tactics & strategies
notice hockey or roller
hockey
Equestrian Flatwork Jumping Tactics & strategies
Hurling Attacking skills Defensive skills Tactics & strategies
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Free weights such as dumb bells and
kettlebells have to be controlled as they

are lifted. By not relying on a machine, the
muscles have to stabilise the weight as well
as it it.

Example

Machine weights

Here the machine has a lot of the control so
in the early stages of an injury the focus can
be on just improving strength, starting with
lowweights and gradually building this up.

Body weight

Using the body as the resistance often
involves core body exercises such as the
plank. Improving core strength helps
balance and posture and reduces any
imbalances that could lead to injury.

Therabands

Therabands are made of latex and can have
different strengths. Light resistance bands
are used for rehabilitation and as the injury
improves, bands with greater resistance
are used.
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In this graph the line does not
go up or down s there is no
distance travelled. This means
the performer must be stationary.
It could be a netball player taking
ashot or a goalkeeper in football
before a penalty is taken

Now the line is curved and gradually
gets steeper. This indicates that more
distance is being covered in a certain
amount of time so the performer must
be accelerating, for example, the first
20m at the start of a 100 m race
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>

>
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In this graph the line goes up in a
constant diagonal direction. This
indicates the distance run is
changing at a constant rate and at
the same speed. This could occur in
the middle of a long distance race.

In this graph the curve starts to level
off and less distance s travelled in a
certain amount of time. This means
deceleration is occurring which would
happen once the performer has
crossed the finishing line.
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