A2 Exercise Physiology & Biomechanics
PAST PAPER QUESTIONS and MARK SCHEME 
The Elite performer – Sports Enhancing Drugs

June 11
Some performers break the rules and use banned substances to enhance their performance.

Describe the physiological reasons why a performer may use anabolic steroids.

(3 marks)
A. Aid/use/assimilation storage of protein

B. Decrease in fat in the muscles

C. Able to train for longer/higher intensity

D. Faster recovery time/to train more frequently/ quicker repair of muscle tissues

E. Increase muscle size/strength/mass
Sports Injuries
June 12

How may hyperbaric chambers aid injury rehabilitation? (3 marks)
A. Reduces pressure at injured area/reduces swelling

B. (Chamber) delivers oxygen at high pressure

C. Approximately 2.5 more times than normal/100% pure oxygen

D. Haemoglobin/red blood cells fully saturated with oxygen

E. Excess oxygen dissolved in plasma

F. Oxygen reaches parts of body that not normally saturated

G. Increased white blood cell activity at injury site

H. Increased blood supply/formation of new blood cells
June 11

How can a performer reduce the effects of delayed onset of muscle soreness

DOMS)? (3 marks)
A. Active warm-up/Active warm-down/cool down/stretching

B. Avoid eccentric contractions early in session

C. Gradually increase intensity of workload

D. Massage

E. Ice baths
June 10

Explain how the use of an ice bath can help to reduce the ‘delayed onset of muscle soreness’ (DOMS). (4 marks)
A. (Involves sitting in ice cold water for) between 5 – 20minutes

B. Causes blood vessels to tighten/decreases metabolic activity/vasoconstriction

C. Restricting blood flow to the area

D. Reduces swelling/tissue breakdown/aids muscle repair

E. After leaving the ice bath, area is flooded with new blood/vasodilation

F. Fresh oxygen removes lactic acid (when out of the ice bath)

G. Some studies suggest ice baths of limited value
Specialised training 
June 10

Elite swimmers follow structured training programmes to develop exceptional levels of fitness.

Outline the relationship between ‘VO2 max’ and ‘lactate threshold’. (3 marks)
A. VO2 max – the maximum amount of oxygen utilised/equiv per unit of time/per minute

B. Lactate threshold – the point at which lactic acid starts to accumulate in the blood/OBLA

C. Lactate threshold is a percentage of VO2max

D. The higher the VO2 max, the more the delay in lactic acid build-up/as VO2max increases, so does lactate threshold

E. Trained athletes can exercise for longer periods at the same/higher intensity compared to an untrained athlete/lactate threshold a much higher percentage of VO2max
Explain how a swimmer would use ‘periodisation’ to prepare for competitions. (4 marks)
A. Cycle based on World Championships/Olympics

B. Possible to plan for double periodisation

C. Preparation phase/pre season training – involves development of base levels of fitness/general conditioning/quantity rather than quality

D. Competitive phase – refinement of skills/ maintenance of fitness levels/quality rather than quantity/relevant examples of training modifications

E. Tapering/peaking – preparation for specific competition/mainly skill focus

F. Transition phase – active rest/out of season recovery period

G. Macro-cycles – long term planning/yearly/two yearly cycle

H. Meso-cycles – periods of two to eight weeks/months

I. Micro-cycles – periods of a week/day/individual training sessions
Jan 09

1) Elite marathon runners dedicate years of their life to prepare physiologically and psychologically for their event.
(a) Describe the structural and/or physiological differences between elite marathon runners and non-elite joggers. (5 marks)
1. Increased VO2 max

2. Increased myoglobin content/better able to store oxygen

3. More/bigger mitochondria

4. More oxidative enzymes

5. Increased stores of (useable) glycogen

6. Improved ability (more enzymes) to oxidise fat

7. Cardiac hypertrophy

8. Decreased resting heart rate/bradycardia

9. Increased stroke volume/ejection/fraction/maximum cardiac output

10. Increased blood volume/haemoglobin/red blood cell content

11. Increased capillary density/capilliarisation

12. Increased hypertrophy/hyperplasia of slow-twitch muscle fibres

13. Increased a-vO2 difference

14. Increase in maximal minute ventilation

15. Increased pulmonary diffusion capacity

16. Increased lactate accumulation/delayed or higher OBLA/lactate threshold

17. Reduced % body fat
(b) Altitude training is used by some marathon runners as part of their physiological preparation. Discuss whether altitude training is always beneficial to marathon runners. (5 marks)
5 marks for 5 of:

(sub-max 3)

1. Reduced pO2 at altitude/less oxygen in air/available/lower O2 concentration

2. Body produces erythropoetin/EPO

3. More red blood cells/haemoglobin

4. Greater oxygen transport capacity/carry more oxygen

5. Greater stamina/cardio-respiratory endurance/aerobic capacity/increased VO2

max/aerobic respiration

(sub-max 3)

6. Reduced pO2 – unable to train as hard as previously/at sea level

7. Altitude sickness/dehydration/too cold

8. Loss of fitness/quicker to exhaustion while at altitude/detraining effect

9. Therefore aerobic performance deteriorates

10. Requires several weeks/months to be effective

11. Psychological problems of lifestyle/isolated/expensive/interferes with normal

training
Jan 08

2) Elite performers will use periodisation to organize their training programmes so that they are at their peak performance for a competition. What do you understand by the term periodisation? (3 marks)
1. Dividing training into periods/sections for specific purpose;

2. (Macrocycle) – long term plan/goal for single year/Olympics/World

Championships;

3. (Mesocycle) – monthly/weeks/period of training on particular aspect;

4. (Microcycle) – weekly/days/individual training sessions to improve specific

area;

5. If named all three cycles without explanation;

6. Training year divided into competitive phase/peaking/tapering/playing

season;

7. Involving preparation phase – pre-season training;

8. Transition phase – active rest/out of season recovery. 3 marks
Elite athletes spend considerable time developing their fitness, using a variety of methods, in order to produce peak performance.
(a) (i) Explain why some athletes, such as marathon runners, may choose to spend time training at altitude. (3 marks)
1. Improved endurance/stamina/aerobic capacity/VO2 max;

2. Reduced concentration/partial pressure of oxygen at altitude;

3. Compensation through increased red blood cells/haemoglobin;

4. Erythroprotein;

5. Enhanced oxygen carrying capacity (on return to sea level) 3 marks
(ii) What are the potential problems associated with altitude training? (3 marks)
1. Reduced pO2 – training very hard;

2. Loss of fitness/detraining effect;

3. Increased lactate production/accumulation;

4. Altitude sickness/weeks to acclimatise;

5. Solution – live at altitude and train at sea level;

6. Other physiological e.g. blood viscosity/psychological/social/environmental

factors. 3 marks

(b) Marathon runners may use carbo-loading as a means to improve performance. What do you understand by this term and why might marathon runners need to do this? (3 marks)
1. Need to store more than is normal;

2. Insufficient glycogen for duration of race;

3. Required as energy source;

4. Dietary manipulation – reduce intake of Carbohydrates then

overcompensate;

5. May be combined with alterations to training programme/run to exhaustion/

exhaust stores. 3 marks

Jan 07

3) In terms of the physical preparation of a team, what do you understand by the term periodisation? (3 marks)
1. Dividing training into periods/sections/for specific purpose/goals/targets;

Sub max 1 mark

2. Macrocycle – long term plan of single year/between Olympics/world

Championships;

3. Mesocycle – monthly/weeks/period of training on particular aspect;

4. Microcycle – weekly/days/individual training sessions to improve specific area;

5. Just name cycles;

June 06

4)a) Long-distance runners may prepare for their activity by glycogen-loading. What are its advantages and disadvantages to long-distance runners? (4 marks)
1. Store more glycogen than normal/equiv;

2. Aerobic energy source;

3. Lack of glycogen to last race/delays hitting the wall/delaying fatigue;

4. Manipulate diet;

5. Reduce intake then over compensate;

sub max 3 per section

Disadvantages 

6. Affects metabolism/digestion; (do not credit indigestion/stomach problem)

7. Water retention/heavy legs;

8. Alterations to training programme/tapering/reduce training intensity

sub max 3 per section

4 marks

. 4 marks
(b) Long-distance runners may experience difficulties with their temperature regulation during performance. Why may an increase in body temperature cause a problem and how is it regulated during performance? (4 marks)

Problems

1. Exercise/muscle contraction generates heat;

2. High core temperature;

3. Increased blood viscosity/blood gets thicker;

4. Metabolic processes slowed down;

5. Cannot transfer metabolic heat generated by muscles quickly enough/unable

to sweat efficiently

6. Denaturisation of enzymes/enzymes don’t function/work properly;

7. Loss of electrolytes/dehydration;
Regulation 

8. Thermoregulatory centre/medulla/hypothalamus;

9. Heat loss through sweating/evaporation;

10. Vasodilation/opening of skin capillaries/blood closer to skin;

11. Heat loss through radiation;

12. Head loss through conduction/convection;

13. Rehydration;

14. Training adaptations.

Jan 06

Elite performers may attend altitude training sessions in order to improve their performance.
5) a)(i) What are the supposed benefits of altitude training ? (4 marks)

1. Reduced pO2 at altitude/less oxygen in air/available/lower O2 concentration;

2. Body produces erythroprotein/EPO;

3. More red blood cells/haemoglobin;

4. Greater oxygen transport capacity/carry more oxygen;

5. Greater stamina/cardio-respiratory endurance/aerobic capacity;

6. E.g. marathon/endurance athletes. Max 4 marks 
 (ii) Why is altitude training not always as effective as it should be? (3 marks)

(ii) 1. Reduced pO2 – unable to train as hard as previously/at sea level;

2. Altitude sickness/quicker to exhaustion/dehydration;

3. Loss of fitness while at altitude;

4. Therefore aerobic performance deteriorates;

5. No benefit to anaerobic performance;

6. Requires several weeks/months to be effective; Max 3 marks

The training that elite performers undertake may include plyometrics and/or

proprioceptive neuromuscular facilitation (PNF) stretching.
(b) Explain the role of the muscle spindle apparatus in
(i) plyometrics, (4 marks)
1. Initial eccentric/downward contraction;

2. Stimulates muscle spindle apparatus/detects stretch;

3. (Sensory) nerve impulses to CNS;

4. Role of gamma motor neurons;

5. Spindles are adapted muscle fibres;

6. Added to normal fibres/intrafusal fibre contraction;

7. (Concentric) contraction more powerful/greater force produced;

8. More overload/power/fitness gains. Max 4 marks
 (ii) PNF stretching. (3 marks)

(ii) 1. Golgi Tendon organs activated/detect stretch;

2. Muscles relax;

3. Inhibits stretch reflex/overrides/stops muscle spindles;

4. Designed to prevent overstretching/protective;

5. Allowing greater range of movement to be used. Max 3 marks

Muscles

June 13

With reference to the Sliding Filament Hypothesis, explain the roles of tropomyosin and troponin during muscle contraction. (4 marks)

A. Tropomyosin prevents myosin attaching to actin filaments

B. Nerve impulse/electrical impulse/action potential

C. Releases calcium ions (from sarcoplasmic reticulum)

D. (Calcium ions) attach to troponin (on actin filaments)

E. Causing shape of troponin to alter/moves out of the way

F. Tropomyosin binds to actin/winds around/neutralises the troponin

G. Exposes myosin binding site (on actin filament)

H. Allows myosin to bind to actin/cross-bridges formed
June 12

The Sliding Filament Hypothesis suggests that muscular contraction occurs in the sarcomeres of muscle fibres. 
Explain how actin and myosin filaments in the sarcomere bind together during muscular contraction. (4 marks)
A. Filaments unable to bind due to tropomyosin

B. Receipt of nerve impulse/action potential/electrical impulse/wave of

depolarisation

C. Sarcoplasmic reticulum (releases)

D. Calcium (ions released)

E. (Calcium) Attach to troponin (on actin filaments)

F. Causes change of shape of troponin/moves tropomyosin

G. Exposes myosin binding site (on actin filament)/ ATP

H. Cross bridge formation

I. Powerstroke occurs/Ratchet Mechanism/Reduce H zone/z lines

closer together

June 11

All gymnastic events require controlled powerful movements.

How can a performer vary the strength of muscular contractions to ensure that a skill is completed correctly? (4 marks)
4 marks for 4 of:

A. (Greater the force needed) larger motor units recruited

B. More units recruited

C. Need fast twitch fibres rather than slow twitch fibres

D. Multiple unit summation/spatial summation

E. All or none law/All or nothing law/or explanation

F. Wave summation/frequency of impulse/innervations

G. Motor unit unable to relax/increase the force

H. Tetanus/titanic for powerful contraction

I. Muscle spindles detect changes in muscle length/speed of contraction

J. Send information to brain/CNS

K. Compares information to long term memory to ensure correct force applied/past

Experiences

L. Spatial summation – rotating the frequency of the impulse to motor units to delay fatigue
June 10

During the race, a swimmer has to dive off the starting blocks as quickly as possible.

Identify the ‘muscle fibre type’ used to complete this action and justify your answer. (3 marks)
Jan 09

6) Figure 1 shows the proportions of different muscle fibre types for elite sprinters, elite middle distance runners and elite marathon runners.

Figure 1

[image: image1.png]®1] A2 past paper question - Microsoft Word o |[e ][ =
Types quesionforhep X
5. AQA-PHED3-QP-Junk2.pef - Adabe Reader lele i
Ol Fie Edt View Window Help PR FEO-Y-A-F
3s| = @[] |HB| @z |k Tools | Sign | Comment || ——

| ®®

BB

i

Hidun12/PHEDS

Question 3
Figure 2 shows the proportions of carbohydrates and fats used for energy during a race
of increasing intensity.

Figure 2
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a) Using Figure 1, which of the profiles, A, B or C, shows the proportions of muscle fibre types for elite sprinters? Justify your answer. (2 marks)
marks for 2 of:

1. A = elite sprinter

2. Uses fast-twitch fibres IIb/less slow-twitch fibres used

(b) Describe the characteristics of the main muscle fibre type used by elite sprinters. (4 marks)
4 marks for 4 of:

1. Fast contracting

2. High force production/more powerful

3. Low lactate/fatigue tolerance/lactate threshold

4. Larger/faster motor neurone

5. High sarcoplasmic reticulum development

6. More/thicker myosin/larger/bigger diameter

7. High PC stores/levels of creatine kinase

8. High glycogen stores

9. High glycolytic/anaerobic/ATPase enzyme capacity
Jan 08

7) A performer’s physical and mental characteristics will have an impact on their effectiveness in competitive situations.
(a) (i) It has been suggested that performers should be screened or tested to establish the proportions of different muscle-fibre types before deciding which activity to concentrate on.
Discuss whether such tests should be the only consideration when choosing an activity. (4 marks)
1. Fast-twitch for speed/anaerobic or strength/slow-twitch for stamina/aerobic;

2. Proportions inherited;

3. Unaffected by training;

4. But many other factors involved in activities e.g. skills/techniques;

5. e.g. Length of levers in sprinting;

6. e.g. VO2 max in stamina-based activities;

7. Two suitable examples of other factors such as fitness, ability,

physique/frame size etc. 4 marks

What do you understand by the term motor unit? (2 marks)
(a) (ii) 1. Motor neurone and muscle fibres;

2. All fast-twitch or slow-twitch/ homogenous;

3. All or none law. 2 marks

(iii) How are motor units involved in the process of spatial summation? (2 marks)

(a) (iii) 1. (Spatial summation) – Increased strength/more force in muscles;

2. Use bigger/larger motor units;

3. More motor units;

4. Fast-twitch units produce more force than slow-twitch units. 2 marks

(ii) Contraction of different types of muscle fibres involves the use of motor units.

Jan 07

8) When taking a penalty, performers will rely on their muscles to produce maximal contractions.
(a) What are the characteristics of the type of muscle fibres used to produce maximal contractions? (6 marks)
1. Fast-twitch (glycolytic) fibres/type 2b;

2. Fast motor neurone conduction velocity;

3. Large muscle fibre diameter;

4. More sarcoplasmic reticulum development;

5. Low mitochondrial density;

6. Low capillary density;

7. Low myoglobin content;

8. High PC stores;

9. High glycogen stores;

10. Low triglyceride stores;

11. High myosin ATPase / glycolytic enzyme activity;

12. Low oxidative enzyme activity;

13. Fast contraction / relaxation time;

14. High force production/more powerful;

15. Low fatigue resistance.

(Credit first type of muscle fibre named) 6 marks
 (b) Explain how the muscle spindle apparatus may be used to adjust the strength of a muscle contraction. (3 marks)
1. Muscle spindles are (stretch) receptors/propriocepters;

2. Force/resistance causes contraction or stretching of a muscle detected by muscle spindles;

3. Results in sensory impulses going to brain/spinal cord/CNS concerning state of contraction;

4. Muscle pre-sets tension based on information held in memory;

5. Gamma bias;

6. Tension adjusted through feedback of information to brain;

7. Gamma neurones activate spindle/intrafusal fibres;

8. Recruit more/bigger motor units;

3 marks

June 07

9) The player in Figure 4 is preparing to catch the ball. Explain the role of muscle spindles in the action of catching the ball. (3 marks)

A. Changes to contraction/lengthening/shortening/stretch in muscle detected by spindles/intrafusal fibres;

B. Sensory nerve impulses to brain/spinal cord/CNS;

C. Body awareness/kinesthesis/position of arms set;

D. Spindles pre-set tension in muscles/muscle loading;

E. Uses memory/experience; (E must be linked to D to credit)

F. Gamma bias (do not credit gamma neuron). 3 marks
Jan 06

10) Games players will use a variety of movements during their matches. The movements will involve muscular contractions of different muscle fibre types.
(a) (i) Identify five structural and/or physiological differences between fast and slow-twitch muscle fibres. (5 marks)
1. Fast-twitch have – faster contractions/twitches/faster (myosin) ATPase;

2. More PC;

3. Lower lactate tolerance/fatigue easily;

4. More glycogen;

5. More anaerobic enzymes/greater capacity;

6. Less mitochondria;

7. Less myoglobin;

8. More oxidative enzymes/lower oxidative capacity;

9. More force/strength/powerful contractions;

10. More sarcoplasmic rectilium;

11. Larger motor neurone/(motor) unit/fibre diameter.

(Accept reverse of slow twitch) Max 5 marks
 (ii) Suggest three possible physiological causes of muscle fatigue. (3 marks)

1. Lack of PC;

2. Lactate/lactic acid build up/OBLA;

3. Increase acidity/lowering pH/increase H+concentration;

4. Effect on enzymeds/actin/PFK;

5. Lack of calcium ions;

6. Glycogen depletion;

7. Acetylcholine depletion;

8. Dehydration/electrolyte depletion;

9. Muscle wisdom/less impulses sent from brain.

Energy Systems, Fatigue and Recovery
June 13

Explain how energy is provided, allowing the athlete to complete the shot put. (3 marks)
A. Stored ATP

B. Alactic system/ATP-PC system/Phosphocreatine system/ATP-CP system

C. PC breakdown

D. To creatine and phosphate/C and P

E. Energy used/released to perform the contraction/re-synthesis for

ATP
Athletes must have sufficient energy stores to compete and perform in a variety of weather conditions.

Identify the energy sources that a performer may use during competition. (3 marks)
A. Carbohydrates/Glucose/Glycogen

B. Protein/Lactate/Amino acids

C. Fats/Fatty acids/Glycerol/Triglycerides

D. Creatine/phosphocreatine
Thermoregulation is essential in maintaining the correct body temperature.

Explain how thermoregulation is achieved by the body during exercise. (4 marks)
A. Thermoreceptors – detect temperature changes and send messages

B. Thermoregulatory centre/medulla/hypothalamus – receives messages/controls temperature

C. Vasodilation – opening of blood vessels/blood closer to skin

D. Radiation – heat lost by infrared rays/no physical contact needed

E. Conduction – heat lost from (skin) to object/air

F. Convection – heat lost by movement of gases/air

G. Evaporation – heat lost by liquid to vapour/sweating

H. Heat retention – hairs raised/shivering/piloerection

I. Vasoconstriction – closing of blood vessels/skin capillaries
June 12

Figure 2 shows the proportions of carbohydrates and fats used for energy during a race of increasing intensity.
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Name three factors that affect the distance the shot travels. (1 mark)

Figure 4 shows the flight path of a shot

Figure 4

Copy Figure 4 and label your diagram to show the changing vertical and horizontal
vectors at the following points:

« the point of release
«the highest point of flight
«the point immediately before landing

(3 marks)

Explain how energy is provided, allowing the athlete to complete the shot put. (3 marks)
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Using your knowledge of energy systems, outline and explain the relationship between energy sources and intensity of exercise. (7 marks)
A. At low level of exercise energy comes from a mixture of fats and carbohydrates;

B. Broken down aerobically/using oxygen/aerobic system;

C. Glycolysis/Anaerobic Glycolysis – glucose broken down/pyruvic acid/pyruvate formed

D. Beta oxidation breaks down fats/tri-glycerides/free fatty acids

E. Krebs Cycle – oxidation of acetyl-coenzyme-A/Citric acid production

F. Electron transport/transfer chain – water formed/hydrogen ions/protons used

G. At high levels of intensity carbohydrates are only energy source/as intensity increases, more carbohydrates used;

H. At high intensity fat use limited by oxygen availability/no fats used anaerobically/lack of oxygen;

I. Slower energy release from fats/quick release of energy from carbohydrates;

J. (Carbohydrate break down) Lactic Acid System/Lactate anaerobic system

K. No oxygen used/anaerobic

L. Glycolysis/Anaerobic Glycolysis – glucose broken down/pyruvic acid/pyruvate formed/lactate/lactic acid formed
Elite athletes must develop and maintain extremely high levels of fitness to maximise their chances of winning. Elite athletes may use the results from lactate sampling and the respiratory exchange ratio (RER) to ensure that their training is effective. 
Explain the terms lactate sampling and respiratory exchange ratio. (4 marks)
A. (Lactate sampling) – taking blood samples (to measure the level of lactic acid)

B. Ensures training is at the correct intensity/monitor improvements over time

C. Provides accurate/objective measure

D. Measures OBLA/lactate threshold/occurs at 4 mmols

Sub max of 2 marks

E. (Respiratory Exchange Ratio) – ratio of carbon dioxide released compared to oxygen used by the body

F. Estimates use of fats and carbohydrates used during exercise/ calculates energy expenditure

G. Tells if performer working aerobically/anaerobically/energy system used

H. RER close to 1 performer using carbohydrates/close to 0.7 using fats/respiratory quotient

June 11

Gymnastic events can last up to 90 seconds.

Explain how the majority of energy is provided for these events. (7 marks)

7 marks for 7 of:

A. Anaerobic/without oxygen

B. (during first few seconds) stored ATP splits/breaks down initially/ATP breaks down to ADP + P + energy

C. ATP-PC/system/phosphocreatine system/alactic system

D. PC = C + P(i) + energy/creatine + phosphate/PC broken down;

E. Energy used for ATP resynthesis/ADP + P + energy = ATP/ADP + PC = ATP + C;

F. Lasts 5-10 seconds/limited supply

G. Lactic acid system/Lactate anaerobic system

H. Glycogen/glucose breakdown

I. Glycolysis

J. To pyruvate/pyruvic acid

K. Lactate/lactic acid formed
Outline the function and process of the fast component of the recovery process. (4 marks)

4 marks for 4 of:

A. EPOC explanation – volume of oxygen consumed in recovery above the resting rate

B. The alactacid/alactic (debt/component)

C. Re-saturation of myoglobin/haemoglobin with oxygen

D. Re-synthesise ATP/PC levels

E. Uses 2-4 litres of oxygen

F. Completed in 2-3 minutes

G. 50% PC stores replenished within 30 seconds/75% within 60 seconds
June 10

Competitive swimmers will often compete in several events and suffer from fatigue due to limited recovery time.

Explain the possible causes of fatigue during a race. (3 marks)

A. Build up of lactic acid /accumulation of hydrogen ions/OBLA

B. Glycogen depletion/needed for glycolysis

C. Dehydration/reduces blood flow/loss of electrolytes/increase

body temperature

D. Reduced levels of calcium

E. Reduced levels of acetylcholine/slows nerve impulse and

inhibits contraction

F. Lack of PC stores
Jan 09

 Games players have to work alongside their team mates and try to maintain their levels of exertion right up to the end of the game.
In order to perform to their best, games players should keep below their lactate threshold.
(b)What do you understand by the term lactate threshold and why should games players keep below it? (2 marks)
1. Lactate threshold – accumulation of lactate/lactic acid in blood/OBLA/4 mmols in blood

2. Too much lactate leads to fatigue/deteriorating performance

3. Because of high acidity/low pH/increased H+/inhibiting enzymes
(c) In terms of recovery, explain the relationship between lactate threshold and the functions of Excess Post-exercise Oxygen Consumption (EPOC). (5 marks)
1. Lactate removed during EPOC

2. Slow/lactacid component

3. Oxygen used/needed for aerobic energy/ATP production formation

4. Lactate mainly converted back into pyruvate

5. Mitochondria/Kreb’s cycle/to CO2 and H2O

6. In inactive muscles/other organs (liver)

7. Some lactate converted to glucose/glycogen/protein

8. Cori cycle

9. Some excreted in urine and sweat
Individuals involved in long-distance swimming, such as swimming the English Channel, may spend several hours completing their event.

(a) Figure 2 shows the effect of diet on liver glycogen replenishment.
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Using Figure 2, explain how dietary modification could be used to improve the performance of a long-distance swimmer. (4 marks)
4 marks for 4 of:

(sub-max 2)

1. High carbohydrate diet increases glycogen level

2. Above normal

3. Needs to be taken 1 day prior to swim because levels fall otherwise

(sub-max 3)

4. Super compensation/overcompensation/glycogen loading/carbo-loading

5. Glycogen = energy source/provides ATP

6. Aerobic/using oxygen

7. Extra glycogen stores for high performance to last longer

 (b) What are the advantages for a long-distance swimmer of following a high fat diet? (4 marks)
(b) 4 marks for 4 of:

1. Fat available as energy source/provide ATP

2. Fat break down is aerobic/requires oxygen

3. Used during low intensity exercise/available long duration exercise

4. Insufficient glycogen to last duration of event

5. No fatiguing by-products

6. Fat gives buoyancy

7. Fat as insulator
Jan 08

Games often last for over an hour and performers have to cope with high levels of energy expenditure.
(a) How is the majority of energy required by games players produced? (4 marks)
1. Aerobic/with oxygen;

2. Glucose/glycogen/carbohydrate/broken down to pyruvate;

3. Glycolysis;

4. Mitochondria/Krebs cycle;

5. Electron transport chain;

6. ATP production. 4 marks
 (b) During a game, performers may suffer fatigue because they have a low lactate threshold (OBLA).
(c) What do you understand by the term lactate threshold and how is this related to VO2 max? (3 marks)
1. Levels at which lactate/lactic acid accumulates in blood;

2. Exercise has become anaerobic/without oxygen;

3. Lactate threshold is some proportion/percentage of VO2 max;

4. Proportion/percentage of lactate threshold increases as fitness

increases/delayed lactate threshold/OBLA. 3 marks

Jan 07

 The 1500metres race for men at the 2004 Athens Olympics was won in 3min 34.18s, while the same event for women was won in 3min 57.90s.
(a) Explain how the majority of energy required by an athlete in a 1500metre race is produced. (4 marks)
(b) 1. ATP breakdown(resynthesis, regenerated);

2. From glucose/glycogen/carbohydrate;

3. From fat/triglycerides/fatty acids/glycerol;

4. beta oxidation;

5. Aerobic/using oxygen

6. (Anaerobic) glycolysis;

7. Pyruvate;

8. Mitochondria/Kreb’s cycle;

9. Lactate formation; 4 marks
(b) Following exercise, individual members of a team may experience Excess Post-exercise Oxygen Consumption (EPOC).
(i) What are the functions of the fast component of EPOC? (2 marks)
(i) What are the functions of the fast component of EPOC.

1. Restoration of ATP / PC levels;

2. Resaturation of myoglobin/haemoglobin with oxygen; 2 marks
 (ii) Explain how the functions of the slow component are achieved. (3 marks)

(ii) 1. Removal of lactate/lactic acid;

2. By oxidation/aerobic energy production;

3. In other organs (liver)/muscles/Cori cycle;

4. Conversion to pyruvate- used as energy source;

5. To water and carbon dioxide;

6. Conversion to glycogen / glucose;

7. Some converted to protein / some excreted in sweat and / or urine;

8. Oxygen used to maintain high work rates of heart / breathing muscles;

9. Extra oxygen used as temperature remains high;

3 marks

June 07

The London Marathon is run over 42.2 km. Therefore, performance is largely dependent on the athlete’s V˙O2 max.
(i) What do you understand by the term V˙ O2 max? (2 marks)
(i) A. Maximum oxygen used/vol/amount/uptake/consumed/taken up;

B. Per minute/unit time;

Do not credit over a long period of time 2 marks

 (ii) List five structural and/or physiological reasons why the V˙O2 max of an elite athlete may be greater than that of a fun runner. (5 marks)
A. Increased maximum cardiac output;

B. Increased stroke volume/ejection fraction /cardiac hypertrophy;

(not bigger heart/muscle)

C. Greater heart rate range/RHR → MHR;

D. Less oxygen being used for heart muscle/more available to muscles;

E. Increased a-vO2 diff;

F. Increased blood volume and haemoglobin/red blood cells/blood count;

G. Increased stores of glycogen and triglycerides;

H. Increased myoglobin (content of muscle);

I. Increased capilliarisation (of muscle);

J. Increased (number and size) of mitochondria;

K. Increased concentrations of oxidative enzymes;

L. Increased lactate tolerance/clearance/Increased %VO2 max/OBLA/anaerobic

threshold;

M. Reduced body fat

N Slow twitch hypertrophy Max of 5 marks

Elite swimmers can complete a 200metres free-style race in just under 2 minutes.
(a) (i) Describe how the majority of energy will be produced for this type of race. (4 marks)
A. Anaerobic/without O2;
B. Glycolysis/lactic acid/lactacid;

C. ATP produced;

D. Glucose/glycogen/carbohydrate to pyruvate/pyruvic acid;

E. Pyruvate to lactate/lactic acid Max of 4 marks
(ii) Explain the main cause of muscle fatigue during this type of race. (2 marks)
(ii) A. Lactate/lactic acid;

B. Increased acidity/decreased pH;

C. Inhibition of enzyme action/contractile process/inhibits muscle action/ contraction; Max of 2 marks

(iii) Describe how the main cause of this muscle fatigue is removed from the body after the race. (4 marks)
(iii) A. EPOC/Excess Post Exercise Oxygen Consumption

B. Slow component/lactacid;

C. Oxygen used/needed for aerobic energy;

D. Lactate mainly converted back into pyruvate/CO2 and water;

E. In inactive muscles/ other organs (liver);

F. Some lactate converted to glucose/glycogen/protein;

G. Cori cycle;

H. Excreted in urine and sweat Max of 4 marks

June 2006

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.
(a) What would be the major energy sources used by a triathlete? (3 marks)
1. Fats;
2.  Fatty acids;

3. Glycerol;

4. Triglycerides. Sub max 2 marks

5. Carbohydrates;

6. Glycogen;

7. Glucose;

8. Protein/lactate. Sub max 2 marks

3 marks
 (b) Briefly explain how these energy sources are used for regeneration of ATP. (5 marks)

(b) 1. Carbohydrates/glycogen/glucose broken down into pyruvate;

2. Anaerobic/glucolysis;

3. Some ATP produced;

4. Fats/triglycerides/fatty acids/glycerol broken down into variety of

compounds;

5. Beta oxidation;

6. Into mitochondria;

7. Krebs cycle;

8. Electron transport chain;

9. Oxidation/aerobic;

10. Large quantities of ATP produced. 5 marks

The fitness levels of the members of a sports team will vary. One measure of fitness is VO2 max.
(a) (i) What is meant by the term VO2 max? (2 marks)
1. Maximum oxygen uptake/consumption/used;

2.  Per minute/unit of time. 2 marks

(ii) Suggest five structural and/or physiological causes of the difference in

VO2 max between a trained and an untrained performer. (5 marks)
1. Increased myoglobin content;

2. More/bigger mitochondria;

3. More oxidative enzymes;

4. Increase in stored glycogen;

5. Improved oxidation of fat;

6. Cardiac hypertrophy/athletes heart/ (do not credit bigger/stronger);

7. Increased stroke volume/more blood per beat;

8. Increased maximum cardiac output;

9. Increased blood volume/haemoglobin content/red blood cells/EPO;

10. Increased capillary density/capillarisation;

11. Increased hypertrophy of slow-twitch muscle fibres;

12. Increased a-VO2 differences;

13. Increase in a maximal minute ventilation;

14. Increased pulmonary diffusion capacity;

15. Increased lactate accumulation/delayed OBLA;

16. Reduced EPOC;

17. Reduced percentage of body fat

(credit reverse in relation to untrained) 5 marks
(c) As part of their training programme, an elite 400metre runner uses interval training. Table 1 shows their time for six 400metre sprints, where each sprint was followed by a 60 second recovery period.
Table 1
	First run 


	Second run
	Third run
	Fourth run
	Fifth run
	Sixth run

	52.6 seconds
	52.8 seconds
	53.2 seconds
	53.4 seconds
	53.6 seconds
	54.2 seconds




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?

(4 marks)
1. LT – lactate/lactic acid levels increase in blood/OBLA;

Sub max 3 marks

2. Lactic anaerobic pathway/alactic system/anaerobic;

3. Carbohydrates/glycogen/glucose broken down to pyruvate;

4. Glycolysis;

5. ATP produced;

6. Conversion/produces lactate/lactic acid 

7. LDH – lactate dehydrogenase

(accept annotated diagrams & equations) (only credit point 6 only if linked to 3&4) 4 marks
 (d) Using the information in Table 1, suggest reasons why the time taken to complete the final run was much slower than the time taken to complete the first run.

(3 marks)

1. Insufficient/not enough time for recovery;

2. Lactate removed during recovery time;

3. EPOC;

4. Uses aerobic system;

5. Lactate builds up/increased H+/decreased pH;

6. Which causes muscle fatigue;

7. Acidity inhibits muscle contraction/enzyme activity;

8. ATP produced too slowly.

3 marks

Jan 06

Figure 1 shows a sprint cycle race. This activity involves cycling four laps of a

250 metre track, with the final lap being completed as fast as possible. Elite performers cover the final lap in times of between 10 and 11 seconds.
Figure 1
[image: image2.emf]
Source: www.cyclingnews.com
(a) Name the main energy system being used in the final sprint to the finishing line and explain how this system provides energy for the working muscles. (4 marks)
1. ATP-PC/ system/phosphocreatine system/alactic system; Sub max 1 mark

2. PC stored in muscles; Sub max 3 marks

3. PC = C + P(i) + energy/creatine + phosphate;

4. Energy used for ATP resynthesis;

5. ADP + P + energy = ATP/ADP + PC = ATP + C;

6. ATP broken down into ADP + P(i) + energy;

7. Anaerobic/no O2;

8. Glycolosis;

9. Lactate/lactate acid; Max 4 marks

 (b) At the end of the race, the cyclist 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. (4 marks)
(b) 1. EPOC/Excess Post Oxygen Consumption; (Do not credit O2 debt/deficit);

2. Aerobic energy needed;

3. Demand/need for/require oxygen/ O2;

4. Restoration of PC/ATP/Phosphogens;

5. Resaturation of myoglobin with oxygen; (Do not credit haemoglobin)

6. Lactate/lactic acid breakdown/removal;

7. High temperature/high metabolic rate;

8. Energy for high heart rate/breathing rate;  Max 4 marks
(a) During a five-minute skating programme, what will be the three main energy sources used? (3 marks)
1. Fats/ fatty acids/glycerol;

2. Triglycerides;

3. Lactate/protein/amino acids/lactate acid/creatine;

Sub max 2 marks

4.  Glycogen;

5.  Glucose/sugar;

6.  Carbohydrate. 3 marks

Application of force

June 13

Heptathletes are required to complete the 200metre sprint.

A 200metre runner must exert a large force in a short period of time to generate an impulse. Sketch and label a graph to show the impulse generated during the acceleration phase of a 200metre race. (3 marks)
A. X Axis – (time)/milliseconds/seconds

B. Y Axis – (force)/Newton’s

C. Shape of graph – negative and positive components of force shown

with negative first

D. Positive impulse clearly larger than negative impulse

E. Positive and negative (force) labelled
One event in the heptathlon is the shot put, as shown in Figure 2. This involves one powerful, explosive movement.

Name three factors that affect the distance the shot travels. (1 mark)
A. Height, Speed and Angle of release
[image: image5.emf]
Copy Figure 4 and label your diagram to show the changing vertical and horizontal vectors at the following points:

A the point of release

B the highest point of flight

C the point immediately before landing. (3 marks)
Point of release

A. Positive vertical component

Highest point

B. No vertical component

Before landing

C. Negative vertical component

D. Equal horizontal component at all three points in flight
June 12

The final stage of an endurance race often involves a sprint finish.
Using Newton’s Second Law of Motion, explain how an athlete is able to accelerate towards the finish line. (3 marks)
A. Mass of runner is constant

B. Force = Mass x Acceleration

C. Greater the force exerted on the floor, the greater the acceleration/ momentum/proportional

D. Force governs direction

E. Force provided by muscular contraction

F. Ground reaction force
June 10
During the race, a swimmer has to dive off the starting blocks as quickly as possible.

Using ‘Newton’s First and Second Laws of Motion’, explain how the swimmer dives off the starting blocks. (4 marks)
A. Force is applied by the muscles

Newton’s First Law of Motion/Law of inertia

B. Performer will remain on the blocks unless a force is applied

C. Performer continues to move forwards with constant velocity

until another force is applied

D. Water slows the swimmer

Newton’s Second Law of Motion/Law of Acceleration

E. Mass of swimmer is constant

F. Greater the force exerted on the blocks, the greater the

acceleration/momentum

G. Force governs direction
Jan 2009

Elite golfers use their clubs to overcome the forces acting on the golf ball so that it travels long distances.

(a) Describe how the impact of the golf club, gravity and air resistance affect the velocity and acceleration of a golf ball. (4 marks)
Golf club

1. Applies force

2. Gives acceleration/changes momentum/velocity

Gravity

3. Only affects vertical component of flight

4. Reduces/negative effect on velocity/decelerates

Air resistance

5. Negligible

6. Affects horizontal components

7. Reduces/negative effect on velocity/decelerates
(b) The flight of a golf ball is said to be parabolic. Explain the term parabolic and the main factors that limit the distance that a golf ball will travel in flight. (4 marks)
 1. Left and right sides match/mirror each other/inverted U shape/symmetrical (if

accompanied by diagram)

2. Height of release – higher height above landing more distance

3. Angle of release – closer to 45° the better/affects height and distance

4. Speed of release – more force/speed gives more distance

5. Design of golf ball/dimples
Jan 08

Maximising effort during performance is largely concerned with the correct application of forces.
(c) (i) What forces act on a player when they are running during a game? (3 marks)

1. Gravity;

2. Friction/Air resistance;

3. Action force/muscular forces/reaction forces/ground reaction force/GRF.

3 marks

(ii) During the game, a performer kicks a ball. Describe the effects of forces on the flight of the ball. (4 marks)
1. Muscular forces cause change in motion;

2. Gravity limits height of flight/pulls it back down;

3. (Gravity) reduces vertical component;

4. Air resistance/friction affects distance of flight;

5. (Air resistance) reduces horizontal component;

6. Can be negligible – short duration/short passing;

7. Can be large – long flight/passing. 4 marks
Jan 07

Elite sports performers need to develop power of both the body and the mind in order to be successful.

The major leg muscles used in the drive phase of sprinting are the gastrocnemius, quadriceps, gluteals and hamstrings. Exactly the same muscle groups are also used in high jumping.
(a) Explain, using the idea of vectors, how these same muscle groups can produce both maximal horizontal motion and maximal vertical motion. (5 marks)

(a) 1. Vectors have magnitude/size;

2. Vectors have direction;

3. Point of application;

4. Line of application; sub max 3

5. Force applied to ground by muscles contracting

6. Equal and opposite reaction force moves performer/GRF producing the movement;

7. Vertical and horizontal components to vectors;

8. Sprinter requires large horizontal component/high jumper requires large vertical component; sub max 3 (accept annotated diagrams) 5 marks
 (b) The acceleration that a performer achieves when sprinting or high jumping is related to impulse. What do you understand by the term impulse, and how does the athlete use impulse during their sprint or take-off? (3 marks) 

(b) 1. Force x time/Ft;

2. Equates to change in momentum/mv-mu; sub max 2

3. Constant mass;

4. Impulse has direction;

5. Single footfall;

6. Positive impulse for acceleration at take off;

7. Negative impulse when foot lands/breaking action;

8. Net impulse positive equals acceleration;

9. Graph annotated; 3 marks

June 2007

(a) Use Newton’s Three Laws of Motion to explain how a tennis player moves towards the ball in preparation to play a stroke. (5 marks)
4 marks for 4 of:

A. First Law – reluctance to change state of motion/constant motion/ uniform

motion/velocity;

B. Force required to change state of motion/overcome inertia of player;

C. Muscle contractions; (Sub max 2 marks)

D. Second Law – magnitude/size of force governs change in momentum;

E. Mass remains constant;

F. Force governs magnitude of acceleration given to player;

G. And direction; (Sub max 2 marks)

H. Third Law – equal and opposite reaction force;

I. Force applied to ground/ moves performer;

J. Ground Reaction Force. (Sub max 2 marks)

Max of 5 marks

Do not credit Force = Mass x Acceleration

Only credit responses that relate to the player not the ball.

(b) Explain, in terms of the player moving towards the ball, the difference between velocity and acceleration. (3 marks)
A. Velocity = rate of change of displacement/displacement ÷ time;

(Not speed, not distance)

B. How fast/quickly player moves towards ball;

C. Acceleration (not speed) = rate of change of velocity/change in velocity ÷ time (taken to change)/[Vf - Vi] ÷ time/a = !v ÷ t;

D. Push off ground to accelerate (not speed)/change velocity;

E. (Both) have direction/are vectors. 3 marks

(a) Name the forces acting on the ball while it is in the air and explain how these forces affect the ball’s flight path. (4 marks)
(a) A. Gravity and friction/air resistance;

B. Ball’s motion has vertical and horizontal components;

C. Gravity decreases vertical component/acts downwards/affects height;

D. From positive to negative;

E. Friction/air resistance affects horizontal component/distance/speed/slows;

F. Negligible/doesn’t change/stays the same. Max of 4 marks
June 06

(b) Use Newton’s three laws of motion to explain how a performer can move towards the ball in one of these games. (4 marks)
1. (First Law) force required to change state of motion (of performance);

2. (Second Law) size of force governs change of momentum; (do not credit

F=MA)

3. Mass remains constant;

4. Force governs the magnitude of the acceleration given to the ball;

5. And direction;

6. (Third Law) equal and opposite (ground) reaction force;

7. Performer applies force to ball through muscle contractions. 4 marks

(c) In hockey, golf and rugby, the performer may hit or kick the ball into the air, where it becomes a projectile. Explain how the various forces involved act to affect a projectile during its flight. (3 marks)
(c) 1. Parabolic flightpath/trajectory/parabola;

2. Gravity reduces height achieved/brings projectile back to earth;

3. Acts on the vertical component;

4. Air resistance has no negligible effects;

5. Horizontal components of most sports projectiles;

6. Some projectiles affected by air resistance/shape – golf ball dimples3 marks

(Do not credit wind)

Jan 06

Ice-skating competitions involve skating programmes that last approximately five minutes, and may involve spinning movements that conform to mechanical principles.
Figure 2 shows an ice skater performing part of her routine.
Figure 2
[image: image3.emf]
Source: www.trymysport.co.uk
(b) Using Figure 2, explain the mechanical principles that allow spinning ice-skaters to adjust their rate of spin. (6 marks)
(b) 1. Ice may be regarded as a friction free surface/friction is negligible;

2. During spins angular momentum remains constant;

3. Angular momentum is the quantity of rotation;

4. Angular momentum = angular velocity x moment of inertia;

5. Angular velocity = rate of spin/how fast skater spins;

6. Moment of inertia = distribution/spread of mass around axis;

7. Changing/reducing moment of inertia affects/increases angular velocity;

8. Skater brings arms into body allowing rate of spin to increase.

(Accept annotated diagrams/graphs) 6 marks
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