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Introduction



This OCR-endorsed textbook is designed specifically to cover the specification content for year two of the OCR A Level Physical Education qualification (H555). Each part in the book covers a different main topic area of the OCR specification and each chapter explores in more detail the specification content, along with material that will fully develop each candidate’s understanding of each topic area. Year one of the A Level course is covered in OCR PE for A Level Book 1.


The demands of each examination question paper are recognised by the book, including in-depth treatment of each aspect of the specification, enabling candidates to write with the required depth of analysis, including being able to respond effectively to the examinations’ extended questions. The book includes extension material to stretch and challenge candidates and to give context to the theoretical principles covered.


Specification coverage





•  Part 1 of this book covers the year two topics for Applied anatomy and physiology. It covers Energy for exercise and Environmental effects on body systems. The other topics in this area are covered in OCR PE for A Level Book 1.




•  Part 2 of this book covers the year two topics for Exercise physiology. It covers Injury prevention and the rehabilitation of injury. The other topics in this area are covered in OCR PE for A Level Book 1.




•  Part 3 of this book covers the year two topics for Biomechanics. It covers Linear motion, Angular motion, and Fluid mechanics and projectile motion. The other topics in this area are covered in OCR PE for A Level Book 1.




•  Part 4 of this book covers the year two content for Skill acquisition. It covers Memory models. The other topics in this area are covered in OCR PE for A Level Book 1




•  Part 5 of this book covers the year two content for Sports psychology. It covers Attribution in sport, Confidence and self-efficacy in sports performance, Leadership in sport, and Stress management to optimise performance. The other topics in this area are covered in OCR PE for A Level Book 1.




•  Part 6 of this book covers the complete specification for Contemporary issues in physical activity and sport for A Level.








Summary of specification coverage






	A Level specification

	Covered in Book 1

	Covered in Book 2

	A Level exam paper






	Applied anatomy and physiology

	


✓ Skeletal and muscular systems



✓ Cardiovascular and respiratory systems




	


✓ Energy for exercise



✓ Environmental effects on body systems




	1






	Exercise physiology

	


✓ Diet and nutrition and their effect on physical activity and performance



✓ Preparation and training methods in relation to improving and maintaining physical activity and performance




	


✓ Injury prevention and the rehabilitation of injury




	1






	Biomechanics

	


✓ Biomechanical principles, levers and the use of technology




	


✓ Linear motion, angular motion, fluid mechanics and projectile motion




	1






	Skill acquisition

	


✓ Classification of skills



✓ Types and methods of practice



✓ Transfer of skills



✓ Principles and theories of learning movement skills



✓ Stages of learning



✓ Guidance



✓ Feedback




	


✓ Memory models




	2






	Sports psychology

	


✓ Individual differences



✓ Group and team dynamics in sport



✓ Goal setting in sports performance




	


✓ Attribution



✓ Confidence and self-efficacy in sports



✓ Leadership in sport



✓ Stress management to optimise performance




	2






	Sport and society

	


✓ Emergence and evolution of modern sport



✓ Global sporting events




	All topics covered in Book 1

	3






	Contemporary issues in physical activity and sport

	All topics covered in Book 2

	


✓ Ethics and deviance in sport



✓ Commercialisation and media



✓ Routes to sporting excellence in the UK



✓ Modern technology in sport – its impact on elite-level sport, participation, fair outcomes and entertainment




	3










How to use this book
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Understanding the specification


Outline of the main ways the content is related to the specification.
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IN THE NEWS


References to contemporary real-life events designed to demonstrate the importance of PE to the world around us.
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Key terms


Short definitions of key vocabulary.
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Extend your knowledge


Extension material for each chapter that might go slightly beyond the specification but gives extra information for possible use in extended answers.
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RESEARCH IN FOCUS


Extracts offering an insight into interesting and relevant contemporary research.
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Evaluation


Key tips and information for evaluation of key areas.
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Activities


Short tasks and activities to help reinforce learning.
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Study hints


Handy tips for studying PE.
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Summary


Summary of key points of each chapter.
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Check your understanding


Short, knowledge-based questions to help you check you have understood different topics.
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Practice questions


Questions designed to offer study practice.
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The authors


The authors have been experienced A Level Physical Education teachers themselves, are passionate about their subject and are well qualified in their subject expertise to ensure that this textbook is as relevant and supportive as it can be for this A Level Physical Education qualification. It is written in a style to both engage and inform every candidate whatever their academic ability. The authors hope that the comprehensive coverage of the specification, along with a readable style that applies theory to practice throughout the book, will furnish each OCR A Level Physical Education candidate with all the material necessary to be able to answer A Level examination questions.
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Part 1 Applied anatomy and physiology



1.1 Energy for exercise


1.2 Recovery, altitude and heat




1.1 Energy for exercise
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Understanding the specification


By the end of this chapter you should be able to demonstrate knowledge and understanding of the role of adenosine triphosphate (ATP) and its resynthesis during exercise of differing intensities and durations through the three energy systems:





•  ATP’s key role as an energy currency



•  ATP’s resynthesis providing energy for exercise



•  ATP-PC system



•  glycolytic system



•  aerobic system



•  the energy continuum.
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Anatomy and physiology is the study of structures and how they function in the human body. To date you have considered the skeletal, muscular, cardiovascular and respiratory systems and how they function to perform physical activity. Applied anatomy and physiology extends further to consider how these systems are provided with the energy required to perform physical activities of varying intensities and durations, and how these systems recover and cope in difficult environmental conditions.


Energy for exercise


Energy is the capacity to perform work and can exist in chemical, potential and kinetic forms. Chemical energy held in the food we eat can be stored as potential energy in the body tissues and converted into kinetic (movement) energy as we contract our muscles. Maximising this process is essential to improve training and performance.


Adenosine triphosphate


The food we eat can be stored in the body as amino acids, triglycerides and glycogen ready to be used as fuel for energy production (see Book 1, Chapter 2.1). When these fuels are metabolised they are converted into a compound known as adenosine triphosphate (ATP), the universal energy currency of the human body. When ATP is broken down, energy is provided for cellular processes such as digestion, nerve transmission and muscular contraction.
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Key terms


Metabolism: the chemical processes that occur within a cell to maintain life. Some substances are broken down to provide energy while others are resynthesised to store energy.


Adenosine triphosphate (ATP): a high-energy compound which is the only immediately available source of energy for muscular contraction.


Enzyme: biological catalyst which increases the speed of chemical reactions.


ATPase: an enzyme which catalyses the breakdown of ATP.


Exothermic reaction: a chemical reaction which releases energy.


Adenosine diphosphate (ADP): a compound formed by the removal of a phosphate bond from ATP (ATP → ADP + P + energy).


[image: ]






ATP breakdown


For the exercising body, ATP is stored in the muscle cell and is the only immediately available source of energy for muscular contraction. It is made up of one adenosine and three phosphates held together by bonds of chemical energy. To extract the energy from ATP, the enzyme ATPase is released, which stimulates the final high-energy bond to be broken. This exothermic reaction releases energy for muscular contraction and leaves adenosine diphosphate (ADP) and a single phosphate (P).




[image: ]

Figure 1.1.1 The release of energy from ATP





ATP resynthesis


The store of ATP in the muscle cell is exhausted quickly, lasting only 2–3 seconds: several powerful contractions or several seconds of sprinting. In order to continue exercising, ATP must be constantly resynthesised or rebuilt. To do this an endothermic reaction occurs where energy from the surrounding area is absorbed to rebuild the high-energy bond between ADP and a single phosphate (P). The energy required is provided by one of three energy systems which break down the food fuels stored around the body.
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Activity


Fill in the blanks in the following paragraph:


ATP is the only immediately available source of __________ for muscular contraction. The enzyme __________ catalyses ATP breakdown to release energy in an exothermic reaction leaving ADP and P. ATP stores in the muscle cell will last around __________ seconds only and must be __________ to continue exercising. In an __________ reaction energy is absorbed from the surrounding area to restore the high-energy bond between the ADP and P resynthesising ATP.
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Key term


Endothermic reaction: a chemical reaction which absorbs energy.
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Evaluation


To summarise:





•  Breakdown of ATP: ATP → ADP + P + energy (exothermic reaction)



•  Resynthesis of ATP: ADP + P + energy → ATP (endothermic reaction)
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Energy systems


There are three energy systems which break down food fuels to provide the energy for ATP resynthesis:





•  ATP-PC system



•  glycolytic system



•  aerobic system.





At any one time, depending on the intensity and duration of the activity, one energy system will dominate to maintain ATP resynthesis. ATP will then be continuously broken down to provide the energy for muscular contraction for the duration of the activity. If ATP fails to be resynthesised, there will be no energy released for muscular contraction and fatigue will quickly set in.


ATP-PC system


The ATP-PC system kicks in during very high-intensity activity after the first two seconds of intense activity depletes the original ATP stores. ATP levels fall dramatically and ADP and P levels rise. This triggers the release of creatine kinase, an enzyme which catalyses the breakdown of the immediately available fuel phosphocreatine (PC).


PC (also known as creatine phosphate) is made up of creatine with a high-energy phosphate bond and is stored on site in the muscle cells. Easily accessed PC is a simple structure broken down anaerobically in the sarcoplasm. The high-energy bond between the creatine and phosphate is broken, releasing energy for ATP resynthesis. For every one mole of PC broken down, one mole of ATP can be resynthesised.


This forms a coupled reaction whereby the breakdown of PC releases a free phosphate and energy which can then be used to resynthesise ATP. This process happens very quickly as both compounds are simple structures providing energy for very high-intensity activities such as the 60 m and 100 m sprints, throws and jumps in athletics, a gymnastic vault, a sprint up the wing in rugby or a short corner in hockey. However, PC stores are small and quickly exhausted after approximately eight seconds.
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Key terms


Creatine kinase: an enzyme which catalyses the breakdown of phosphocreatine (PC).


Phosphocreatine: a high-energy compound stored in the muscle cell and broken down for ATP resynthesis.


Anaerobic: without the presence of oxygen.


Sarcoplasm: the cytoplasm or fluid within the muscle cell which holds stores of PC, glycogen and myoglobin.


Mole: a unit of substance quantity.


Coupled reaction: where the products of one reaction are used in another reaction.
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Extend your knowledge


To improve the efficiency of the ATP-PC system, anaerobic high-intensity training should be used. Maximal and explosive strength training will increase muscle mass, which boosts the storage capacity for ATP and PC. A performer can supplement creatine and load phosphates in addition to a high-protein diet (for example, lean meat) to maximise the body’s stores, of PC. Combining the correct training and diet will maximise the fuel stores, increase the duration of the ATP-PC system, and delay fatigue. This will enable an increased quantity and quality of training.
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Evaluation


To summarise:





•  Breakdown of PC:
PC → P + C + energy



•  Resynthesis of ATP:
Energy + P + ADP → ATP



•  Breakdown of ATP:
ATP → ADP + P + energy for muscular contraction
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Figure 1.1.2 The coupled reaction of PC breakdown and ATP resynthesis
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Figure 1.1.3 The relative concentration of ATP and PC stores in the muscle cell over ten seconds of exhaustive work
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Study hint


Remember the energy released from food fuels such as PC is not used to contract the muscles but to resynthesise ATP. ATP is then broken down to release the energy for muscular contraction.
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Table 1.1.1 The key descriptors, strengths and weaknesses of the ATP-PC system






	Type of reaction

	Anaerobic (without the presence of oxygen)






	Site of reaction

	Sarcoplasm






	Food fuel used

	Phosphocreatine (PC)






	
Controlling enzyme

ATP yield


Specific stages



	Creatine kinase






	1 mole of PC yields 1 mole of ATP (1:1)






	PC → P + C + energy (exothermic)
Energy + P + ADP → ATP (endothermic)







	By-products

	None






	Intensity of activity

	Very high intensity






	Duration of system

	2–10 seconds






	Strengths

	No delay for oxygen
PC readily available in the muscle cell
Simple and rapid breakdown of PC and resynthesis of ATP
Provides energy for very high-intensity activities
No fatiguing by-products and simple compounds aid fast recovery






	Weaknesses

	Low ATP yield and small PC stores lead to rapid fatigue after 8–10 seconds
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Activity


Link the ATP-PC energy system to as many sporting examples as possible that satisfy the correct intensity and duration. How may a performer enhance this system? Consider the foods consumed, supplements available, training methods and fuel storage capacity. Write 250 words about your findings.
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Glycolytic system


The glycolytic system kicks in during high-intensity activity after the first ten seconds of intense activity exhausts PC stores and ATP levels fall. ADP and P levels rise again and trigger the release of phosphofructokinase (PFK), an enzyme which catalyses the breakdown of the next available fuel: glucose. Glucose is an energy-rich molecule (C6H12O6) circulating in the blood stream. If glucose levels dip, glycogen phosphorylase (GPP), an enzyme which catalyses the breakdown of stored glycogen (in the muscles and liver), is released, converting glycogen into glucose to maintain its concentration in the blood stream.


Glucose is easily accessed as a fuel, broken down to extract energy for continued ATP resynthesis in the sarcoplasm. The breakdown of glucose in the absence of oxygen is through a process called anaerobic glycolysis and results in the production of pyruvic acid. For every one mole of glucose broken down there is a net gain of two moles of ATP. This provides energy for high-intensity activities such as the 200–400 m track events, 100 m freestyle, a counter attack in football or distancing from the pack in a marathon. Glycolytic ATP resynthesis will continue for around three minutes, although its efficiency peaks at one minute and then slowly decreases. At this high intensity oxygen is not available to continue the energy extraction from pyruvic acid and lactate dehydrogenase (LDH) is released. LDH is an enzyme which catalyses the conversion of pyruvic acid into lactic acid, which accumulates and slows ATP resynthesis.
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Figure 1.1.4 The key stages of the glycolytic system





Anaerobic glycolysis frees only around 5 per cent of the potential energy held in the glucose molecule and as lactic acid levels rise, the pH in the muscle cells decreases (or acidity increases). This inhibits enzyme activity, preventing further breakdown of fuel and ATP resynthesis, causing local muscular fatigue. The point at which blood lactate levels significantly rise is known as OBLA (the onset of blood lactate accumulation) and occurs on average around 4 mmol/l.
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Key terms


Phosphofructokinase (PFK): an enzyme which catalyses the breakdown of glucose (glycolysis).


Anaerobic glycolysis: the partial breakdown of glucose into pyruvic acid.


Lactate dehydrogenase (LDH): an enzyme which catalyses the conversion of pyruvic acid into lactic acid.


OBLA: the onset of blood lactate accumulation: the point at which blood lactate levels significantly rise and fatigue sets in.
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Evaluation


To summarise:





•  Breakdown of glucose: Glucose → pyruvic acid + energy



•  Lactic acid production:  Pyruvic acid → lactic acid



•  Resynthesis of ATP:  Energy + 2P + 2ADP → 2ATP



•  Breakdown of ATP: ATP → ADP + P + energy for muscular contraction





[image: ]







[image: ]

Figure 1.1.5 The point at which a national under-19 squash player hits OBLA during a progressive intensity running test
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Extend your knowledge


To improve the efficiency of the glycolytic system, a combination of high-intensity anaerobic training and aerobic training close to the anaerobic threshold can be performed. This will improve strength endurance, buffering capacity, removal of lactic acid and recovery rates. A performer can use glucose and bicarbonate supplements and pre- and post-event meals to maximise the body’s stores of glycogen and buffering capacity. Combining the correct training and diet will maximise fuel stores and minimise lactic acid accumulation, delaying OBLA and the early onset of fatigue.
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Table 1.1.2 The key descriptors, strengths and weaknesses of the glycolytic system






	Type of reaction

	Anaerobic (without the presence of oxygen)






	Site of reaction

	Sarcoplasm






	Food fuel used

	Glycogen/glucose






	Controlling enzyme

	GPP, PFK and LDH






	ATP yield

	1 mole of glycogen yields 2 moles of ATP (1:2)






	Specific stages

	Anaerobic glycolysis: glycogen/glucose → pyruvic acid + energy
Lactate pathway: pyruvic acid → lactic acid
Energy + 2P + 2ADP → 2ATP (endothermic)






	By-products

	Lactic acid






	Intensity of activity

	High intensity






	Duration of system

	Up to three minutes depending on intensity






	Strengths

	No delay for oxygen and large fuel stores in the liver, muscles and blood stream
Relatively fast fuel breakdown for ATP resynthesis
Provides energy for high-intensity activities for up to three minutes
Lactic acid can be recycled into fuel for further energy production






	Weaknesses

	Fatiguing by-product lactic acid reduces pH and enzyme activity
Relatively low ATP yield and recovery can be lengthy
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Extend your knowledge


As lactic acid accumulates, hydrogen ions disassociate, leaving lactate. The hydrogen ions are responsible for the acidity and feelings of pain as nerve signals are blocked and exercising limbs become ‘heavy’.
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Key term


Buffering capacity: the ability of hydrogen carbonate ions (buffers) to neutralise the effects of lactic acid in the blood stream.
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Study hint


Using the acronyms for known enzymes in exams is common practice – for example, PFK is perfectly acceptable for phosphofructokinase.


[image: ]







[image: ]


Activity


Fill in the blanks in the following paragraph:


The glycolytic energy system serves to provide __________ for ATP resynthesis. Glucose is broken down into pyruvic acid in a series of reactions catalysed by the enzyme __________. This process is known as __________ glycolysis. Due to the lack of oxygen, pyruvic acid is converted into __________ __________ by the enzyme lactate dehydrogenase (LDH), which accumulates, leading to OBLA and early _________.
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Study hint


Pyruvic acid and lactic acid can also be termed pyruvate and lactate.
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Aerobic system


The aerobic system kicks in during low- to moderate-intensity activity as the arrival of sufficient oxygen enables continued energy production. The aerobic system utilises around 95 per cent of the potential energy in glucose through three distinct stages:





1  Aerobic glycolysis



2  Kreb’s cycle




3  Electron transport chain (ETC).






Aerobic glycolysis


Aerobic glycolysis in the sarcoplasm converts glucose into pyruvic acid with the enzyme PFK catalysing the reaction. This releases enough energy to resynthesise two moles of ATP. Converting glycogen into glucose (by enzyme GPP) maintains this process for extended periods of time. As oxygen is now in sufficient supply, the pyruvic acid is no longer converted into lactic acid. It goes through a link reaction catalysed by coenzyme A, which produces acetyl CoA. This allows access to the power house of the muscle cell, the mitochondria.
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Key terms


Kreb’s cycle: the second stage of the aerobic system producing energy to resynthesise 2 ATP in the mitochondrial matrix.


Electron transport chain (ETC): the third stage of the aerobic system producing energy to resynthesise 34 ATP in the mitochondrial cristae.


Mitochondria: a structure within the cell where aerobic respiration and energy production occur.
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Kreb’s cycle


Acetyl CoA combines with oxaloacetic acid to form citric acid, which is oxidised through a cycle of reactions. Known as the Kreb’s cycle, CO2, hydrogen and enough energy to resynthesise two moles of ATP are released. This process occurs in the matrix (intracellular fluid) of the mitochondria.


Electron transport chain (ETC)


The hydrogen atoms are carried through the electron transport chain along the cristae (folds of the inner membrane) of the mitochondria by NAD and FAD (hydrogen carriers), splitting into ions (H+) and electrons (H−). Hydrogen ions are oxidised and removed as H20. Pairs of hydrogen electrons carried by NAD (NADH2) release enough energy to resynthesise 30 moles of ATP and those carried by FAD (FADH2) release enough energy to resynthesise 4 moles of ATP. The overall energy yield of the ETC is 34 moles of ATP.


When all three stages are combined, one mole of glucose yields 38 moles of ATP. This is a highly efficient and most preferable energy system used for long-duration low- to moderate-intensity activities such as marathons, triathlons, cross-country skiing, Tour de France cycling and jogging back onside after a goal has been scored in hockey. The higher the performer’s aerobic capacity, the faster oxygen will arrive in plentiful supply and the switch can be made to aerobic energy production.
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Evaluation


To summarise:





•  Breakdown of glucose: Glucose + 6O2 → 6CO2 + 6H20 + energy



•  Resynthesis of ATP: Energy + 38P + 38ADP → 38ATP



•  Breakdown of ATP: ATP → ADP + P + energy for muscular contraction
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Figure 1.1.6 A highly efficient energy system is required for long-duration, low-to moderate-intensity activities, such as cross-country skiing
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Figure 1.1.7 The matrix and cristae of the mitochondria





The aerobic system and FFAs


Glycogen stores are large and will fuel the aerobic system for a significant period of time. However, long-distance performers will want to reserve glycogen stores because they can be broken down both aerobically and anaerobically for higher-intensity sections of events or games (such as changes in pace or sprint finishes in a marathon). Triglycerides or fats can also be metabolised aerobically as free fatty acids (FFAs), providing a preferred and huge potential fuel store which conserves glycogen and glucose for those higher-intensity sections.


Upon the release of lipase, an enzyme responsible for catalysing the breakdown of fats, triglycerides are converted into FFAs and glycerol. FFAs are converted into acetyl CoA and follow the same path through the Kreb’s cycle and electron transport chain as pyruvic acid. FFAs produce more acetyl CoA and a higher energy yield and are therefore preferable for long-distance athletes whose events last more than an hour. However, FFAs require around 15 per cent more oxygen to metabolise and consequently the intensity of activity must remain low.
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Figure 1.1.8 An overview of the aerobic energy system
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Key term


Lipase: an enzyme which catalyses the breakdown of triglycerides into free fatty acids (FFAs) and glycerol.
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Extend your knowledge


To improve the efficiency of the aerobic energy system, aerobic training should be performed. This will improve aerobic capacity, VO2max, slow oxidative (SO) fibre type recruitment, and mitochondrial size and density. A performer can glycogen load, use pre- and post-event meals and supplement nitrates and caffeine to maximise the body’s stores of glycogen and use of triglycerides. Combining the correct training and diet will increase the availability of oxygen, boosting the intensity and duration of performance without the associated effects of fatigue.
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Table 1.1.3 The key descriptors, strengths and weaknesses of the aerobic system






	Type of reaction

	Aerobic (with the presence of oxygen)






	Site of reaction

	Sarcoplasm, matrix and cristae of mitochondria






	Food fuel used

	Glycogen/glucose and triglycerides (FFAS)






	Controlling enzyme

	GPP, PFK, co-enzyme A and lipase






	ATP yield

	1 mole of glycogen yields up to 38 moles of ATP (1:38)






	Specific stages

	Aerobic glycolysis, Kreb’s cycle and electron transport chain (ETC)
Glucose + 6O2 → 6CO2 + 6H20 + energy (exothermic)Energy + 38P + 38ADP → 38ATP (endothermic)






	By-products

	CO2 and H20






	Intensity of activity

	Low–moderate/sub-maximal intensity






	Duration of system

	Three minutes onwards






	Strengths

	Large fuel stores; triglycerides, FFAs, glycogen and glucose
High ATP yield and long duration of energy production
No fatiguing by-products






	Weaknesses

	Delay for oxygen delivery and complex series of reactions
Slow energy production limits activity to sub-maximal intensity
Triglycerides or FFAs demand around 15 per cent more O2 for breakdown
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Activity


Design a training programme to improve the efficiency of the aerobic system. After several months of training, consider the cardiovascular and respiratory adaptations the body will make and how they maximise aerobic energy production. Write an extended piece on this topic: around 800 words (consistent with a 20-mark answer).
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Study hint


When describing or explaining an energy system, make sure the level of detail is enough to capture top marks but doesn’t absorb too much of your time, especially for the aerobic system if you also study biology or chemistry (refer to the key descriptor tables: type and site of reaction, food fuel, enzyme control, ATP yield, by-products and the intensity and duration of activity).
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Activity


Link each of the energy systems to a muscle fibre type. Consider how the structural and functional characteristics of the muscle fibre type benefit the energy system. (You may find it helpful to refer to Book 1, Chapter 1.1 for a recap on these topics.)
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ATP resynthesis during exercise of differing intensities and durations


Considering each energy system as separate and responsible totally for resynthesising ATP for a certain activity gives a distorted view of what happens in the muscle cell. At rest we provide almost all energy for ATP resynthesis using the aerobic system; however, when we start to exercise our demand for energy increases significantly and there may not be enough oxygen available to maintain sole aerobic energy production. We must consider how the three energy systems work together depending on the intensity and duration of the activity and the athlete’s fitness to provide the overall energy requirement.
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Figure 1.1.9 The intensity and duration trade-off for energy production





Energy continuum


The energy continuum is the relative contribution of each energy system to overall energy production. This will depend on the intensity and duration of the activity. One energy system may be predominant in providing the energy for ATP resynthesis, but in most cases all energy systems will contribute to all activities. For example, in a marathon the majority of the miles will be covered running with the pack at a constant pace; therefore, the aerobic system will be predominant in providing energy for ATP resynthesis. However, when the pace increases, if someone makes a break or an athlete wants to distance themselves from the pack, the glycolytic system will be predominant for this higher-intensity section. Based on the intensity and duration of the activity or sections within the activity, an indication of the contribution each energy system makes to overall energy production can be made. This is important to design effective training and nutritional programmes.
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Key term


Energy continuum: the relative contribution of each energy system to overall energy production depending on intensity and duration of the activity.
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•  Intensity very high: duration <10 seconds







    •  In individual activities such as athletic jumps, throws and sprints, where the intensity is very high and duration is 2–10 seconds, the ATP-PC system will be predominant, contributing up to 99 per cent of energy for ATP resynthesis.








•  Intensity high: duration 10 seconds to 3 minutes







    •  In individual activities such as the 400 m, 200 m freestyle and a competitive squash game, where the intensity is high and duration is between ten seconds and three minutes, the glycolytic system will be predominant, contributing 60–90 per cent of energy for ATP resynthesis.








•  Intensity low–moderate: duration >3 minutes







    •  In individual activities such as marathons, triathlons and cross-country skiing, where the intensity is moderate but relatively constant for a significant duration, the aerobic system will be predominant, contributing up to 99 per cent of energy for ATP resynthesis.
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Figure 1.1.10 The relative contribution of aerobic and anaerobic energy production over time
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Activity


Summarise the graph shown in Figure 1.1.10 and use a sporting example to explain a specific portion of the data.
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Activity


Using a sports paper or magazine, cut out images of different sports or sporting situations and place them on an energy continuum line. Based on intensity and duration, justify which energy system is predominant for energy production.
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Intermittent exercise


Intermittent exercise is where the intensity alternates, either during interval training between work and relief intervals or during a game with breaks of play or changes in intensity. For example, a rugby player is required to alternate between various modes of activity such as standing, walking, running, sprinting, tackling and jumping, in comparison with the relatively constant nature of a marathon. Research has shown performing intermittent exercise to be more energy demanding than continuous exercise when the mean running speed is the same, and this places games players in a unique situation, with varying physiological demands as they switch from one energy system’s predominance to another.
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Key terms


Intermittent exercise: activity where the intensity alternates, either during interval training between work and relief intervals or during a game with breaks of play and changes in intensity.


Threshold: the point at which an athlete’s predominant energy production moves from one energy system to another.
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The point at which an athlete’s predominant energy production moves from one energy system to another is known as a threshold. A performer can move between any of the energy systems depending on the intensity and duration of the activity and fuels available. For example:





•  ATP-PC/glycolytic threshold: as a wing attack in netball hears the whistle, they will sprint out to receive the centre pass over 3–4 seconds, using ATP predominantly resynthesised by the ATP-PC system.
However, losing possession leads them to man–man mark for a period of up to one minute to regain possession. The PC stores quickly deplete and the glycolytic system takes over predominant energy production.



•  Glycolytic/aerobic threshold: after the counter attack in netball results in a goal being scored, the player jogs back into position ready for the next centre to be taken. The intensity is significantly reduced and there is sufficient oxygen available for the aerobic system to take over to provide most of the energy for ATP resynthesis.
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Figure 1.1.11 A netball player can move between different energy systems depending on the intensity of the game
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Figure 1.1.12 The percentage of energy supplied by each energy system over time





Recovery periods


Predominantly anaerobic activities such as basketball and netball rely heavily on the ATP-PC and glycolytic systems. Although PC stores quickly deplete in around eight seconds, they are also quickly replenished – 50 per cent in just 30 seconds and 100 per cent after 3 minutes – making timeouts an essential tactical part of play. Equally, oxygen stored in the myoglobin depleted after bouts of exhaustive exercise can be fully relinked within three minutes of rest or low-intensity exercise. The quarter- and half-time breaks aid recovery and maintain the intensity of the game for both performers and spectators.


Blood lactate levels can rise dramatically with prolonged high-intensity bouts such as an exhaustive tennis rally, and also slowly accumulate with repeated use of the glycolytic system without sufficient relief, in 400 m training, for example. With the correct work to relief ratios and sufficient oxygen supply, lactic acid can be broken down and removed. Lactic acid removal is aided by low-intensity activity, which maintains blood flow and oxygen transport. Therefore, during intermittent exercise, lactic acid levels can fluctuate, building up and initiating fatigue during high-intensity bouts, then partially cleared during relief intervals to prolong the duration of activity.
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Key terms


Myoglobin: a red protein in the muscle cell responsible for carrying and storing oxygen.


Work to relief ratio: the volume of relief in relation to the volume of work performed.
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Figure 1.1.13 Lactic acid and glycogen response to a 30-minute interval training session
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Activity


Summarise the graph in Figure 1.1.13. Considering the nature of lactic acid levels, describe the type of activity most likely being performed and consider the relationship between muscle glycogen and lactic acid between points A and B.
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Recovery periods also present opportunities for rehydration and glycogen/glucose replenishment for athletes competing for longer than 60 minutes. Tennis players, team game players, triathletes and Tour de France cyclists are just some of the many athletes who use glucose tablets, gels, bananas and isotonic drinks in breaks of play, changeovers and lower-intensity intervals to maintain glycogen stores and replace lost glucose.
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RESEARCH IN FOCUS


Fernandez et al. (British Journal of Sports Medicine, 2006) compiled a review on the intensity of tennis match play. They found tennis to be characterised by intermittent exercise, short 4–10 s, high-intensity bouts, interrupted by longer duration 60–90 s bouts with underlying periods of moderate- to low-intensity activity. Recovery periods controlled by ITF (International Tennis Federation) rules are limited to 20 s between points, 90 s between changeovers and 120 s between sets, giving a mean work:relief ratio of between 1:1 and 1:4.


Modification to the scoring system, match duration, playing surface and ball type all affect the physiological demands of tennis matches lasting from one to more than five hours. During long, intense rallies, blood lactate levels can reach 8 mmol/l, although frequent relief intervals are probably sufficient to metabolise lactate effectively and in general lactate levels remain low (1.8–2.8 mmol/l).


Evidence suggested all three energy systems are required during match play, requiring specific training for ATP-PC, glycolytic and aerobic efficiency. Interval training replicating distances and activities related to competition are preferable.
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Fitness level


An athlete with a high aerobic capacity or VO2max has an efficient cardiovascular and respiratory system to inspire, transport and utilise great volumes of oxygen. This increases the intensity at which they can perform as a percentage of their VO2max before OBLA is reached and fatigue sets in. Buffering capacity is increased, limiting the effects of lactic acid accumulation, and the removal of lactic acid is improved as the muscles are flushed with oxygenated blood flow. Sufficient oxygen will also arrive onsite earlier than in untrained performers, minimising time spent in the glycolytic system accumulating lactic acid. Another advantage of a high aerobic capacity is the use of FFAs (the most energy-rich fuel), which demand 15 per cent more oxygen to break down. In trained performers, the additional oxygen demand to use FFAs can be met, which conserves glycogen stores for higher-intensity bouts of activity, increasing the duration of performance.
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Key term


VO2max: maximum volume of oxygen inspired, transported and utilised per minute during exhaustive exercise.
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IN THE NEWS


Mo Farah has the ‘triple-double’, a third consecutive global championship double triumph in the 5,000 m and 10,000 m events: London, Moscow and Beijing. With the constant change and increase in pace leading to sprint finishes, Mo Farah will suffer micro-damage to the muscle fibres, tissue inflammation and a severe accumulation of lactic acid after the first event. After just a few days he must be prepared to face world-class fresh competitors in the second race. These events combine anaerobic and aerobic fitness and Mo Farah will train to delay OBLA to keep lactic acid levels near baseline until exhaustive exercise. He will use cooling aids, massage and nutritional support to be performance ready.
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Figure 1.1.14 An athlete performing a VO2 max test





Additional factors will affect the relative contribution of the energy systems to overall energy production, such as the following for a games player:





•  Position of the player: for example, a goalkeeper’s aerobic energy system may be predominant, with a small percentage from the ATP-PC system for very high-intensity dives, kicks and defensive play, whereas a central midfielder’s aerobic system will be required to jog back into position and track play, their glycolytic system will be used for counter attacks and set pieces, and the ATP-PC system for high-intensity sprints into the box, shots on goal or tackles.



•  Tactics and strategies used: for example, man–man marking will raise the intensity compared with zonal marking and will require a larger contribution from the anaerobic energy systems.



•  Level of competition: in a hard match with tough competition, the intensity will be far higher, increasing the contribution from the anaerobic energy systems and relying more heavily on defensive players. In a relatively easy match with weak competition, the intensity will be lower, increasing the contribution of the aerobic energy system.



•  Structure of the game: field games such as rugby, football and hockey are played on a large pitch, increasing the duration and lowering the intensity of runs and set plays. This increases the contribution of the aerobic energy system. Court games such as basketball and netball are played on small courts, increasing the intensity and decreasing the duration of runs and set plays. This increases the contribution of the anaerobic energy systems.







[image: ]


Activity


For a game player of your choice, draw a bar chart showing the percentage of energy supplied by each energy system. Justify your answer with specific examples.
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Figure 1.1.15 The relative contribution of each energy system to overall energy production of a basketball player
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Summary


Energy for exercise centres on ATP, its role and resynthesis via the three main energy systems and how these energy systems interact during differing intensities and durations of activity.





•  ATP is a high-energy compound broken down by ATPase to provide an immediate source of energy for muscular contraction exothermically. ATP provides energy for explosive activities, depletes after 2–3 seconds and can be resynthesised to maintain energy production using energy from food fuel breakdown.



•  The ATP-PC energy system resynthesises ATP from the breakdown of phosphocreatine (PC) by creatine kinase in a coupled reaction.







    •  PC → C + P + energy in an anaerobic reaction in the sarcoplasm yielding one mole of ATP, for very high-intensity activities lasting 2–10 seconds.








•  The glycolytic energy system resynthesises ATP from the breakdown of glycogen by GPP and glucose by PFK.







    •  Glucose → pyruvic acid + energy in the sarcoplasm yielding two moles of ATP, for high-intensity activities lasting ten seconds to three minutes.


    •  Pyruvic acid → lactic acid by LDH due to anaerobic conditions which accumulates to reach OBLA, causing fatigue.








•  The aerobic energy system resynthesises ATP from the breakdown of glycogen, glucose and FFAs by GPP, PFK or lipase.







    •  Aerobic glycolysis: glucose → pyruvic acid + energy by PFK in the sarcoplasm. Kreb’s cycle: acetyl CoA → CO2 + H + energy in the matrix of the mitochondria. Electron transport chain where H → H2O + energy in the cristae of the mitochondria, yielding 38 moles of ATP for low- to moderate-intensity activities lasting more than three minutes.








•  The energy continuum is the relative contribution of each energy system to overall energy production depending on intensity and duration. Each energy system can be expressed; for example, a central midfielder’s energy demand may be supplied 60 per cent by the aerobic system, 30 per cent by the glycolytic system and 10 per cent by the ATP-PC system.







    •  The energy continuum will also depend on the performer’s fitness, recovery intervals, type of activity, tactics employed and player position.
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Check your understanding





1  Answer the following statements as true or false:







    a  ATP is the only immediately available source of energy for muscular contraction.


    b  Phosphocreatine is broken down, releasing energy for muscular contraction.


    c  The energy yield of the ATP-PC system is two moles of ATP.


    d  The glycolytic system’s main disadvantage is the production of lactic acid, which causes muscular fatigue.


    e  The breakdown of glucose through the process of glycolysis can be both anaerobic and aerobic.


    f  The Kreb’s cycle reactions occur in the cristae of the mitochondria.


    g  The electron transport chain produces large quantities of energy for ATP resynthesis.


    h  The energy continuum is the relative contribution of each energy system to overall energy production and depends on the intensity and duration of an activity.








2  Identify the key terms from the following statements:







    a  When the products of one reaction are used in another reaction.


    b  The enzyme responsible for ATP breakdown.


    c  The end product of glycolysis.


    d  The point at which blood lactate levels reach 4 mmol/l.


    e  The point where one energy system takes over predominant energy production from another.
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Practice questions





1  Explain the role of ATP in muscular contraction.


(4 marks)



2  Describe the effects of insufficient oxygen supply on the breakdown of glucose for ATP resynthesis.


(5 marks)



3  Define the energy continuum and using a team game of your choice, justify when and why all three energy systems are used.


(6 marks)



4   Using the ATP-PC energy system as an example, describe what is meant by the term ‘coupled reaction’. Describe how the structural and functional characteristics of fast glycolytic (FG) muscle fibre types enhance the efficiency of the ATP-PC energy system.


(20 marks)
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1.2 Recovery, altitude and heat
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Understanding the specification


By the end of this chapter you should be able to demonstrate knowledge and understanding of the key role recovery plays in returning the body to its pre-exercise state and how different environmental conditions affect performance.


The recovery process:





•  excess post-exercise oxygen consumption (EPOC)



•  fast components of EPOC



•  slow components of EPOC



•  training and performance implications of recovery.





Environmental effects:





•  the effect of altitude on the cardiovascular and respiratory systems



•  acclimatisation and timing of arrival for performance at altitude
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