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CHAPTER 2: Energy systems part two

Practice questions - text book pages 35 - 37

   1) Which one of the following is defined as the greatest amount of oxygen the body can take in and use during exercise?
 a.    V

. 
O2.

 b.    cardiovascular endurance.
 c.    V

. 
O2max.

 d.    ppO2.
Answer: c.

   2) The respiratory exchange ratio is a measurement of:
 a.    lactic acid accumulation.
 b.    lack of oxygen (hypoxia).
 c.    the ratio between the amount of hydrogen produced in metabolism and oxygen used.
 d.    the ratio between the amount of carbon dioxide produced in metabolism and oxygen used.
Answer: d.

   3) Which one of the following is not an aerobic adaptive response to altitude training?
 a.    improved working capacity of muscles.
 b.    increased muscle myoglobin.
 c.    increased utilisation of fast twitch motor units.
 d.    increased haemoglobin concentration.
Answer: c.

   4) Which one of the following best describes the plyometric training method?
 a.    involves mainly stretching.
 b.    involves continuous running.
 c.    involves interval training. 
 d.    involves mainly bounding/hopping.
Answer: d. 
Explanation: 
Although the plyometric training method is a form of interval training, it involves eccentric to concentric muscle contractions that are 
performed in physical drills such as bounding and hopping.

   5) Which one of the following is not a maximal predicted V
. 
O2max test?

 a.    Multi-stage shuttle run test.
 b.    1-mile jog test.
 c.    Cooper’s run/walk test.
 d.    1.5 mile run test.
Answer: b. 
Explanation: 
The subject is timed as he or she jogs one mile at an easy, steady pace. The subject’s weight, heart rate at the end of the jog and time 
are used to calculate predicted  

.
VO2max. 

QUESTIONS AND ANSWERS
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figure 2.19 –  
.
VO2max for different sports   6)  a) Define the term  

.
VO2max and describe two main factors which limit   

 
.
VO2max.   3 marks

Answer:
1 mark for definition:
•	  

.
VO2max represents the greatest rate of oxygen used or consumed by an individual 
per unit of time.

2 marks for 2 main factors:
•	 Muscular or cellular tissue system to use oxygen.
•	 Cardio or vascular or respiratory systems to transport oxygen.

 b)  Describe a field test used to estimate a person’s  
.
VO2max.      3 marks

Answer:
Many possible tests:
•	 NCF multistage shuttle run test.
•	 Subject runs a progressively quicker shuttle run to exhaustion.
•	 Each step in the progression is numbered.
•	 The step reached by the subject is correlated to a predicted  

.
VO2max.

 

  7)  a)  Figure 2.19 shows variation in  
.
VO2max between three different sports. Suggest reasons for variations in  

.
VO2max   

         between these three sports.   3 marks
Answer:
Heredity: 
•	 Variations in  

.
VO2max could be related to % fibre type since a higher % of slow twitch fibres.

•	 Will contribute to increased aerobic endurance.
 
Specificity of training:
•	 Physiological adaptations in response to training.
•	 For example, a distance runner will stress the aerobic system in training.
•	 Whereas the hockey and tennis players will need to stress anaerobic and aerobic systems.
•	 Hence the aerobic physiological adaptive response will be less when compared with the distance runner.

 b)  Explain the potential physiological advantages for endurance athletes having a high  
.
VO2max.  2 marks

Answer:
•	 A high  

.
VO2max is associated with increased O2 delivery to active muscle. 

•	 Or increased O2 extraction by active muscle tissues (increased a-v
_      

O2diff).
•	 Which means that the relative  

.
VO2max at a given submaximal workload is less.

•	 Due to the increased  
.
VO2max.

•	 And the ability to sustain and work at a higher aerobic work rate is enhanced.
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   8) Discuss the factors that affect maximal oxygen consumption (
.
VO2max) and the accuracy of  

.
VO2max prediction from 

submaximal exercise heart rate.   15 marks
Answer:
Factors that affect maximal oxygen consumption:
12 marks for twelve of: Aim to have at least 4 different factors discussed in your answer. 
Physiologically factors:
•	 The availability of O2 in the tissue depends upon:
										•	 Whether haemoglobin arriving at tissue is fully saturated with O2 
										•	 The limitations of the cardiovascular and pulmonary systems which varies from individual to individual.
										•	 Whether the myglobin in muscle cells is fully saturated with O2 (has sufficient recovery time elapsed?).
Heredity:
•	 Current estimates of the genetic effect ascribe about 20-30% role of  

.
VO2max, 50% for maximum heart rate and 70% for physical 

working capacity.
Exercise testing mode:
•	 Variations in  

.
VO2max during different test modes reflect the quantity of activated muscle mass. 

•	 For example, bench stepping generates  
.
VO2max scores nearly identical to treadmill values, but higher than an arm-crank test.

Training state:
•	  

.
VO2max must be evaluated relative to a person’s training status at the time of measurement. Following a period of aerobic training, 
such as regular continuous, aerobic interval and fartlek training, aerobic capacity improves between 6% and 20%. 

•	 As expected larger  
.
VO2max  improvements occur among the most sedentary individuals.

Gender:
•	  

.
VO2max expressed in ml kg-1 min-1 for women average 15% to 30% below values for men. 

•	 Even among trained endurance athletes, the disparity ranges between 10% and 20%. 
•	 Apparent gender differences in  

.
VO2max have been attributed to differences in body composition and blood haemoglobin 

concentration. 
•	 Untrained young adult women possess about 26% body fat, while the corresponding value for men averages around 15%. 
•	 Trained athletes have a lower body fat percentage, yet trained women possess significantly more body fat than their male 

counterparts. 
•	 Consequently, males generate more total aerobic energy simply because of their larger muscle mass and lower total fat than 

females. 
•	 Men have 10% to 14% greater concentration of haemoglobin than women. 
•	 This difference in the blood oxygen carrying capacity enables men to circulate more oxygen during physical activity and gives them 

the edge in aerobic capacity. 
•	 Despite these limitations, the aerobic capacity of physically active women exceeds that of sedentary men.
Body composition:
•	 Differences in body composition explain roughly 70% of the differences in  

.
VO2max expressed in ml kg-1 min-1. 

•	 Although there are other biological differences between the sexes, research suggests  
.
VO2max decreases as body fat percent 

increases. 
•	 Adjusting arm-crank  

.
VO2max test for variations in arm and shoulder size equalises values between men and women, suggesting 

gender differences in aerobic capacity largely reflect the size of the active muscle mass.
•	 Research implies that no true gender difference exist in active muscle mass capacity to generate ATP aerobically. 
Age:
•	 Changes in  

.
VO2max relate to chronological age. 

•	 After the age of 25  
.
VO2maxxdecreases by 1% a year. 

•	 Current data indicates that regular physical activity throughout life can offset much of the decline.
Lifestyle:
•	 A sedentary lifestyle, smoking and a poor diet all reduce VO2max values.
3 marks for 3 of: the accuracy of  

.
VO2max prediction from submaximal exercise heart rate. 

•	 Predicted  
.
VO2max tests are within 10% to 20% of the subject’s actual value.

•	 It is assumed that there is a linear relationship between heart rate and oxygen consumption.
•	 It is assumed that similar maximum heart rate values are the same for all subjects even when taking into account maximum heart 

rate is 220-age and gender variations.
•	 It is assumed that there is constant economy of effort and mechanical efficiency during the exercise period.
•	 This is not always the case as environmental conditions, the subject’s fitness levels and motivation must be taken into account. 

QUESTIONS AND ANSWERS

Answers
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figure 2.20 –  cycle ergometer test9) Two female athletes, one trained runner and 
the other untrained runner, performed a  .
VO2max test on a cycle ergometer. The results 
of the test are shown in the graph, figure 2.20.

female 1 female 2

body mass 75 kg 65 kg

height 174 cm 176 cm

 a) Use the information in the graph and   
        table to determine if the values given      
        are absolute or relative measures.  
        Explain which measure (absolute or  
        relative) is more useful when comparing  
        the oxygen uptake for the two runners.  
             3 marks

Answer:
 3 marks for three of:
Note: 

•	 Absolute 
.
VO2max does not consider a person’s 

body mass. 

•	 Relative 
.
VO2max does consider a person’s body 

mass. The lower the body mass the higher the 

relative 
.
VO2max, two people of different body mass 

can have the same absolute 
.
VO2max. 

•	 The information on the graph gives absolute 
.
VO2 values since the units of oxygen uptake are expressed as litres (L) of 

O2 per minute (min-1).
•	 The information in the table gives the body mass for both females which could be used to work out the relative 

.
VO2 measures by 

dividing the 
.
VO2 litres min-1 by the body mass. 

•	 For example, 10 minutes into the cycle test both females record a 
.
VO2 at 2.2 litres min. Expressed as a relative value, 

.
VO2 for 

female 1 is 29 ml kg-1 min-1 and for female 2 is 33.7 ml kg-1 min-1.
•	 Throughout the test both subjects are closely matched, when comparing absolute 

.
VO2 litres min-1 values, up until 12 minutes.

•	 But when taking into account relative O2 uptake, female 2 is able to consume more oxygen throughout the test.
•	 Thereby delaying OBLA and so enabling her to continue the test for a further 5 minutes to reach a higher 

.
VO2 litres min-1 

consumption value. 

 b) Using the data in figure 2.20, explain which female is the trained runner.  2 marks
Answer: 

•	 Female 2 is the trained runner as she is able to continue the incremental cycle test for 5 minutes longer than female 1.

•	 And when taking into account relative  
.
VO2 values, female 2 is able to consume more oxygen.

•	 For example, 10 minutes into the cycle test both females record a  
.
VO2 at 2.2 litres min. Expressed as a relative value, 

.
VO2 for 

female 1 is 29 ml kg-1 min-1 and for female 2 is 33.7 ml kg-1 min-1.

ENERGY SYSTEMS PART TWOSECTION 1 
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 c) Identify one chronic adaptation to the cardiovascular system and explain how it has resulted in the trained runner  
        achieving a greater result.        2 marks

Answer: 

One adaptation and explanation from the following answers:

•	 Bradycardia: a reduction of resting HR below 60 bpm. Increased HRmax.

•	 This means a bigger, stronger heart that increases stroke volume and hence cardiac output, to increase rate of oxygen transport to 

active muscle tissue.

•	 Decreased blood flow to more efficient heart:

•	 And so less oxygen being used by heart muscle and more oxygen is available to active muscles.

•	 Increased blood volume, haemoglobin, red blood cells, and blood count, enabling trained runner to increase endurance capacity 

and  
.
VO2max.

•	 Increased capilliarisation, hence increased blood flow and oxygen to active muscle tissue.

•	 Thus enabling trained runner to increase endurance capacity and  
.
VO2max.

•	 Increased elasticity and thickness of smooth muscle of arterial walls makes walls tougher and less likely to stretch under pressure.

•	 This maintains blood pressure forcing more blood through the capillary network for increased gaseous exchange.

•	 Increased a-v
_      

O2diff due to enhanced muscle fibre capacity to take up oxygen, such as increases in muscle myoglobin and 

mitochondrial content in slow twitch muscle fibres. 

    d) For female 2, explain what occurs physiologically between 12 and 14 minutes, and then  
 what happens between 14 and 15 minutes.   4 marks

Answer: 

•	 Between 12-14 minutes, female 2 reaches a point called steady state where the aerobic system remains in a steady state with 

energy demands. 

•	 In other words oxygen consumption is sufficient to meet required energy demands made by active muscle tissue. 

•	 Between 14 and 15 minutes there is an increase in oxygen consumption from under 3 L min-1 to 3.4 L min-1. 

•	 This increase in oxygen consumption is a physiological response due to increased demands for oxygen to support increased energy 

requirements as the cycle test work rate increases and possible fatigue sets in towards the end of the test. 

 e) The cycle ergometer test is not specific to running. Name a recognised field test that  
        could be used to determine a runner’s  

.
VO2max.    1 mark

Answer:

One from the following:

•	 Multi-stage shuttle run text.

•	 Copper’s 12 min walk/run test.

•	 1.5 mile run test.

•	 Queen’s College step test.

QUESTIONS AND ANSWERS

Answers



  10) Volleyball is a team sport and a match generally takes between 30 and 60 minutes.  
 Players are involved in high intensity, short duration play, such as serving, passing, spiking and blocking.  
 The game is explosive in nature with rest periods between points.

 a) Using the information provided, describe the interplay of the three energy systems in a volleyball match.  6 marks
Answer:
•	 The ATP-PC, anaerobic glycolytic and aerobic energy systems all contribute towards ATP regeneration during a volleyball match.
•	 The energy system demands of a volleyball player are for the most part aerobic. 
•	 However, the major energy contributor at any one time depends on the intensity and duration of play. 
•	 In a series of plays, for example spiking and blocking, there are short (up to 7-8 seconds) high intensity anaerobic power bursts 

that utilise energy derived from the ATP-PC system.
•	 Once energy derived from the ATP-PC system has been used up, longer rallies of high powered attacking and defensive play over 

several more seconds, are supported by the anaerobic glycolytic system. 
•	 Both the ATP-PC and anaerobic glycolytic systems require recovery periods during the game to generate that same power again. 
•	 This recovery needs oxygen and so is supported by the aerobic energy system. 

 b) Plyometric training can improve muscular power and is a suitable training method for  
 volleyball players. Outline two principles needed to create a plyometric training session  
 supporting your answer with a practical example.     3 marks

Answer:
•	 Plyometric training uses the stretch reflex mechanism in the muscle to improve the reaction time of the nervous system in that 

muscle.
•	 A type of power training that involves fast eccentric to concentric actions at 100% effort designed to improve elastic strength and 

power. 
•	 For example, depth jumping performed by stepping off a box and jumping immediately after ground contact.

 c) Why does muscle soreness (DOMS) often occur following a plyometric training session  
 and how could muscle soreness be reduced?     4 marks

Answer:
2 marks for two of:  
•	 Eccentric action is the primary initiator of DOMS.
•	 And is associated with damage to muscle tissue and its cell membrane (micro tears).
•	 And inflammatory reactions within the muscles.
2 marks for two of how muscle soreness can be reduced:
•	 Within the training session, start training at a low intensity.
•	 And gradually increase workload to the exhaustive high intensity, eccentric action exercise.
•	 Use of a thorough cool-down.
•	 Adequate rest intervals between plyometric training sessions.
•	 Use of ice baths immediately after the training session.

16
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  11) Many elite swimmers use blood lactate sampling during training as a means of establishing  
 their training load.

 a)  What do you understand by the term lactate threshold?   2 marks
Answer:
•	 The point at which blood lactate begins to accumulate substantially.
•	 Above resting concentrations during exercise of increasing intensity.
•	 Also known as the onset of blood lactate accumulation (OBLA).
•	 Lactate threshold represents a significant shift towards anaerobic glycolysis, which is responsible for the formation of lactate or 

lactic acid. 

 b)  How is lactate threshold related to V
.  
O2max.?  2 marks

Answer:
•	 Lactate threshold is usually expressed as a percentage of V

.  
O2max. at which it occurs. 

•	 So ability to perform at a higher percentage of V
.  
O2max. reflects a higher lactate threshold.

        
c) How might knowledge of blood lactate levels taken during a swimming session assist both coach and elite swimmer?  
     2 marks

Answer:
•	 Lactate sampling will tell the coach to increase or decrease training intensity as required. 
•	 This means that OBLA can be pushed to a higher percentage V

.  
O2max. .

•	 Speed of reduction in lactate levels will indicate how much recovery is needed between repetitions and sets. 

  12) a)  Show how the data in the following equation can be used to calculate the  
         respiratory exchange ratio (RER) and identify which fuel food is being used.  
         Show your workings.   6O2 + C6H12O6  è 6CO2 + 6H2O + energy.                                                              3 marks

Answer:
•	 RER = 6CO2 = 1.00
       6O2  
•	 Therefore fuel food is glucose.

 b)  How can this information be of value to an elite sports performer?    2 marks
Answer:
•	 Estimation of RER can inform sports performer whether or not he or she is working anaerobically or not.
•	 And so give a good indication of training intensity.
•	 And energy expenditure.

  13) Altitude training is used by some marathon runners as part of their physiological preparation  
for sea level racing. Discuss whether altitude training is always beneficial to marathon runners.        8 marks

Answer: 
4 marks for four of beneficial effects:
•	 Reduced pO2 at altitude/less oxygen in air/available/lower O2 concentration.
•	 Body produces more erythropoietin which stimulates the increase of cell production.
•	 And a reduction in plasma volume.
•	 These two factors increase the haemoglobin concentration in the blood flowing to active tissue.
•	 And hence the oxygen carrying capacity of the blood. 
•	 In addition to increases muscle myoglobin, mitochondria and oxidative enzymes. 
•	 Greater stamina/cardio-respiratory endurance/aerobic capacity/increased V

.  
O2max/aerobic respiration.

•	 Athlete needs to work out optimal time to compete when returning to sea level – usually within 2 to 14 days, after which 
individual’s adaptations return to sea-level norms.  

4 marks for four of: Initial effects of altitude are: 
•	 Reduced pO2 means that athlete is unable to train as hard as previously/at sea level.
•	 Altitude sickness/dehydration/too cold.
•	 Loss of fitness/quicker to exhaustion while at altitude/detraining effect.
•	 Therefore aerobic performance deteriorates.
•	 Requires several weeks/months to be effective.
•	 Psychological problems of lifestyle/isolated/expensive/interferes with normal.

QUESTIONS AND ANSWERS
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  14) a) Describe the conditions at altitude that could limit performance.  3 marks
Answer:
•	 Altitude causes hypobaric conditions or a reduction in barometric pressure.
•	 Resulting in decreased partial pressure of oxygen (pO2) throughout the body.
•	 Reducing the oxygenation of haemoglobin.
•	 Air temperature decreases as altitude increases.
•	 Solar radiation is more intense.
•	 Thus limiting human activity when compared with sea level performance.

 b) An elite group of endurance athletes spend three weeks training at 2400 metres. What major physiological responses  
 and adaptations would they expect during this period of acclimatisation?  8 marks

Answer:
4 marks for four of immediate physiological responses:
•	 Pulmonary: 
	 •	 Hyperventilation occurs immediately.
	 •	 As body fluids become more alkaline.
	 •	 Due to reduced CO2 (H2CO3) with hyperventilation.
	 •	 Corrected by the kidneys, which excretes a more alkaline urine solution.
•	 Cardiovascular: 
	 •	 Increased submaximal heart rate.
	 •	 Increased submaximal cardiac output.
	 •	 Stroke volume remains the same or lowers slightly.
	 •	 Maximum cardiac output remains the same or lowers slightly.

4 marks for four of longer term physiological adaptations following 3 weeks of altitude training:
•	 Cardiovascular:
	 •	 Stroke volume lowers.
	 •	 Maximum cardiac output lowers.
	 •	 Decreased plasma volume.
	 •	 Increased haematocrit (the percentage of blood volume occupied by red blood cells).
	 •	 Increased haemoglobin concentration.
	 •	 Increased total number of red blood cells.
	 •	 Possible increased capillarisation of skeletal muscle.
•	 Cellular changes:
	 •	 Increased mitochondria.
	 •	 Increased oxidative enzymes such as pyruvic dehydrogenase.

•	 Net effect is to improve the aerobic working capacity of muscles to compensate for the reduced pO2.
•	 And to improve the capacity of the oxygen transport system.
•	 To purge the oxygen debt.

  15) Elite athletes must develop and maintain extremely high levels of fitness to maximise their chances of winning, and 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 and how elite athletes benefit from these two 
measurements of energy expenditure.    4 marks

Answer:
1 marks for definition (lactate sampling), then 1 mark for one of three benefits:
•	 Lactate sampling involves taking blood samples to measure the level of lactic acid.
•	 Ensures training is at the correct intensity/monitor improvements over time.
•	 Provides accurate/objective measurements.
•	 Measures OBLA/lactate threshold/occurs at 4 mmols.

1 marks for definition (RER), then 1 mark for one of three benefits:
•	 Respiratory Exchange Ratio is the ratio of carbon dioxide released compared to oxygen used by the body.
•	 Estimates use of fats and carbohydrates used during exercise/calculates energy expenditure.
•	 Tells if performer working aerobically/anaerobically/energy system used.
•	 When RER is close to 1, the performer is using carbohydrates and close to 0.7 using fats, thus providing respiratory quotient.

18
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  16) Discuss the impact of specialist training methods on energy systems.  15 marks
Answer: 
Note that you are advised to focus on at least three specialist training methods identified in your syllabus, from altitude training, high 

intensity interval training (HIIT), plyometic training and speed agility quickness training. 

Altitude training
•	 Altitude training is the practice by endurance athletes who train for several weeks at high altitude, preferably over 2,400 metres 

(8,000 ft) above sea level.
•	 To produce aerobic adaptive responses in physiology and metabolism such as increased haemoglobin, myoglobin, oxidative 

enzymes and reduced blood plasma. 
•	 Thereby improving the aerobic working capacity of muscles in response to hypoxia. 
•	 On return to sea level an endurance athlete would have the short-term benefit of an increased V

.  
O2max, leading to enhanced 

aerobic performance.

SAQ training
•	 Speed represents the maximum velocity an athlete can achieve and maintain. 
•	 Agility is the ability to change direction quickly without losing speed or balance. 
•	 Quickness involves rapid and energetic movements. 
•	 SAQ combines speed, agility and quickness over short distances using a variety of drills which use agility as the main theme, with 

emphasis on precision and speed of foot placement. 
•	 Energy for absolute speed is supplied by the ATP-PC system energy supply for approximately eight seconds. 
•	 SAQ high intensity training can increase muscle PC stores and thus maintain high intensity exercise for a couple more seconds. 

High intensity interval training (HIIT)
•	 High-intensity interval training (HIIT) is a form of interval training, a cardiovascular exercise strategy alternating short periods of 

intense anaerobic exercise with less intense recovery periods.
•	 For example, following a warm-up, 30 seconds brisk walk, 30 seconds sprints x 10 repetitions, followed by a cool down. 
•	 The sprint part of the session is anaerobic and the recovery aerobic.
•	 Note that in this type of session the exercise has alternating work and recovery at a 1:1 rest relief ratio. 
•	 HIIT benefits both aerobic and anaerobic fitness levels whilst increasing muscle mass. 

Plyometric training
•	 Uses the stretch reflex mechanism in the muscle to improve the reaction time of the nervous system in that muscle and increase 

muscle power.
•	 It is a type of power training that involves fast eccentric to concentric actions at 100% effort designed to improve elastic strength 

and power. 
•	 Plyometric training stresses the ATP-PC system and anaerobic glycolytic system (lactic acid system). 
•	 The ATP-PC system depends on energy stores that already exist in skeletal muscles. 
•	 Plyometric drills, such as repeated depth jumping of a series of boxes lasting 4 to 8 seconds, deplete this energy source.
•	 The lactic acid threshold is reached when the muscles’ energy stores have exhausted the ATP-PC system. 
•	 Plyometric drills that are past the threshold point between the ATP-PC and lactacid system will then be supported predominantly 

by energy released via the anaerobic glycolytic system.
•	 For example, multiple bounding drills in excess of 10 seconds duration.
•	 A short recovery period or rest relief should be allotted between high quality plyometric drills. 

QUESTIONS AND ANSWERS
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