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1.3 The ATP process in detail 

 

Energy and Work  

The physical quantity energy 

(E) comes with the unit J or 

Joule). One would need 4200 J 

or 4,2 KJ to heat up 1 litre of 

water 1ĚC. 

Also the old unit of calorie (cal) 

is still used, 1 cal = 4,2 J 

The quantity Work  (W)  is 

merely a form of energy and 

thus has also the unit of Joule. 

In mechanics the definition of 

work can be simplified by 

saying that work is the energy 

that is used to bring or keep an 

object in motion. 

 

1.1 Marathon (ŷ) and 

 1.2 100 meter dash (Ź) 

CHAPTER 1 THE HUMAN METABOLISM  

 

1.1 Why does an athlete train ?  

he human body needs energy to ôworkõ. To get that energy the 
body has to burn ôfuelõ just like a motor in a car burns fuel. And 

just as cars can use petrol, gas or diesel, the human body has a choice 
of a couple of different energy production systems. The combination 
of all energy production systems inside the human body is called the 

human metabolism. In this chapter we will investigate all those 
different energy production systems in detail.  
 
You will also discover that the different energy production systems in 
our body all serve a different function. An athlete wants to develop 
the energy production system(s) that he needs most for his type of 
sport. When an athlete is training the wrong energy he will not be 
able to perform the best he can at his sport. Thatõs why a 100 meter 

sprint training session looks very different from a marathon training 
session. 

1.2 ATP, the basis of the human metabolism 

In the human body, one chemical compound, and one compound 
alone, plays the leading role in our metabolism. This fact is not 
restricted to the human body, all living creatures on earth use this 
molecule in their energy systems. This compound is called Adenosine 

TriPhosphate or ATP . The human body needs ATP to power all its 
physiological processes, for instance the contraction of a muscle cell. 
Each and every cell in our body needs and uses countless of these 
ATP molecules every second. And when we are exercising, our ATP 
demand will increase accordingly. 

 

 
 
 
 
 
 
 
 
 
 
 

ATP can be compared with a rechargeable battery. It can store and 
transport energy inside the body. ATP has the ability to break apart. 
Breakdown of ATP will create Adenosine DiPhosphate (ADP) and 

energy. This is done by a simple process, in which one of the 

phosphate parts (also called Pi) is broken off from the ATP molecule, 
thus reducing the ATP from 3 phosphates to 2, forming ADP . This is 
commonly written as ADP + Pi. When the bond connecting the 
phosphate is broken, energy is released.  
To keep the system rolling, ADP can be built back up into ATP so 
that it can be used again and again. To make continuous exercise 
possible, ATP must be re-synthesised at the same rate as it is utilised. 
The better your body is able to re-synthesise its ATP, the better 
trained you are. 
 

T 
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ATP       ADP + Pi + energy 
Eq.1.1 

 

The chemical equation of this process looks like this: 

To make ATP out of ADP one also has to add energy, as can be seen 
in the equation. But where does that energy comes from? 

1.3 Glucose, the energy source of our body 

So now that we know we need ATP to use our muscles, and that 
energy is needed to build up ATP from ADP and Pi, where do we 
find that energy? Glucose, a sugar that is delivered through the 
bloodstream, is one of the main ingredients of the food you eat, and 
glucose is also the molecule that delivers the energy to create ATP out 

of ADP. This process is called respiration . This respiration can occur 
in two ways in the human body. Aerobic or anaerobic, which means  
with or without oxygen. Depending on the nature of the activity that 
is needed, the body chooses from (a combination of) one of the two 
modes of respiration. Of course you donõt go from the anaerobic 
pathway to the aerobic pathway at once; this is a gradual process. 
Most sports activities force the human body to use anaerobic as well 
as aerobic respiration. As an example take a look at the results of 
measurements on the tracking field (athletics). 
 

Distance/Event W.R. % 

Aerobic 

%Anaerobic 

200 metres 19,32 s 5 95 

400 metres 43,18 s 17 83 

800 metres 1:41,11 34 66 

1500 metres 3:26,00 55 45 

5000 metres 12:37,35 80 20 

10,000 metres 26:17,53 90 10 

Marathon 2:04:55 98 2 

Table 1.1 Aerobic/anaerobic ratio  

1.4 Aerobic respiration 

Aerobic means 'with oxygen'. Someone with an high aerobic 

endurance is able to generate a lot of energy through aerobic 
respiration. A sound basis of aerobic endurance is fundamental for 
almost all sporting events. But what does this mean? 
During aerobic respiration the body is working at a level at which the 
demands for oxygen and fuel can be met by the body. This means that 
the cells of the body receive enough oxygen and fuel to do their work 
properly. In the cell a reaction takes place in which glucose reacts 

with oxygen, thus generating energy. The only waste products formed 
are carbon dioxide and water. 
 
 
 

ATP store 
The total amount of ATP at any 

time in your body is a meagre 

50 g. On a per-hour basis, 1 

kilogram of ATP is created, 

processed and then recycled in 

the average human body. 

 

The lactic acid molecule 

1.5 The lactic acid molecule 

Classics: The Monuments 

  Milano -San Remo 

Also known as ôLa Primaveraõ, 

the tension of this classic 

culminates on the last hill, ôil 

Poggioõ, less than 10 km from 

the finish. 

To win here, the rider has to 

have intelligence, patience and a 

lot of explosive power in his 

legs. After a steep decline this 

race often ends in a sprint.  

 
1.4 Milano-San Remo 2012   

 

Definition of Work  
Work on an object is defined as 

: 

cosW F s a= Ö Ö  

Where F is the net force on the 

object (in Newton), and s is the 

displacement of the object, in 

metres.  

The angle Ŭ is the angle between 

the directions of force and 

movement. 
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Glucose     lactic acid 

Or 

éééé é   éééééé 

Eq. 1.3 

 

Glucose + oxygen  carbon dioxide + water 

or 

C6H12O6 + ..O2  .. CO2 +.. H2O 

Eq. 1.2 

 

Written in a chemical equation it reads as follows: 

 
There is a maximum to the aerobic power that can be achieved. This 

level is called the anaerobic threshold. If the body needs an even 
higher energy output, it has to rely heavily on anaerobic respiration. 

1.5 Anaerobic respiration 

Anaerobic means 'without oxygen'. During anaerobic work the body 
is working so hard that the demands for oxygen exceed the rate of 
supply and the muscles have to use another energy process to get their 
energy demands fulfilled. Now they will have to obtain energy 
without the use of oxygen. Again, glucose is the fuel. During this 
process waste products accumulate inside the muscles, the main one 
being lactic acid. Anaerobic respiration is far less efficient than 
aerobic respiration. Or, per unit of glucose (for instance 1 gram), 
anaerobic respiration yields far less energy. 
The anaerobic respiration equation looks like this: 
 
 
 
 
 
 
 
As the concentration of lactic acid in your muscle cells increases, you 

can feel your muscles ôburnõ more and more. The muscles, being 
depleted of oxygen, take the body into a state known as oxygen debt. 
The body's stored fuel soon runs out, the muscles start cramping due 
to the high acidity level and at the end activity ceases completely, and 
painfully. Activity will not be resumed until the lactic acid is removed 
again and the oxygen debt is gone. Fortunately the body can resume 
limited activity after even only a small proportion of the oxygen debt 
has been repaid.  

1.6 The anaerobic and aerobic respiration in detail 

 
When we look closer at the anaerobic respiration we can discern three 
important chemical compounds which all are connected with each 
other during the process. Each of them plays a part in the anaerobic 

respiration. Letõs see what happens when an athlete starts sprinting at 
full power: 

1 ATP - Adenosine Triphosphate : Only from the energy released by 
the breakdown of this compound can the cells carry out their work. 
The breakdown of ATP produces energy and ADP. If no new ATP is 
formed, the muscles can work up to two seconds before all available 
ATP is used.   

Belgian Eddy Merckx , 

also called ôthe cannibalõ, was 

an athlete with a very high 

aerobic endurance. He has won 

525 professional races in his 

career. His world hour record 

from 1972 was broken only in  

2000. 
  

1.6 One of many yellow jerseys of 

Eddy

 

1.8The ATP molecule 

1.7 Aerobic or anaerobic respiration? 
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Graph 1.1 

2 PC - Phosphate-creatine : creatine is a chemical compound stored 
in muscle tissue, which  functions as an energy buffer and it transports 

the energy from the glucose to the ATP cycle. The combination of 
ADP and PC produces ATP (and C).  

 

 

Without PC in your body, ATP could not be formed from ADP and 
ATP depletion could not be replenished. The PC cycle alone is 
capable of delivering energy for no more than 10 seconds at most. 
After that all PC is used and extra energy has to be found in the 
anaerobic respiration of glucose. 

3 LA - Lactic acid : a fatiguing metabolite of the lactic acid system 
resulting from the incomplete breakdown of glucose. This process of 
anaerobic respiration can sustain its energy output for one minute at 
the most.  

 

 

 

 

 

 

 

 

 

 

 

After one minute of peak intensity the human body has run out of all 
sources of extra (anaerobic) energy. What is left is the aerobic 
respiration system in which ATP is manufactured from food, mainly 
sugar and fat. During the aerobic activity the human body is able to 
recover from the peak intensity. The lactic acids will be removed from 
the muscle cells, and PC and ATP levels in the cells increase to 
normal levels again. After some time the human body will be able to 
perform at peak intensity again. 

Let us take a closer look at the aerobic respiratory system now. The 
main energy supplier is the food (and drinks) that we consume daily. 

ADP + PC     ATP + C 

Eq. 1.4 

Tour de France and food 
On a normal Tour de France 

day, a cyclist burns around 6500 

KJ of energy in his body, during 

a mountain-stage this can go up 

to 10.000KJ, 5x more than the 

average human!  

That means for all cyclists that 

they have to eat the whole day 

through. It starts with a heavy 

breakfast , with a lot of pasta, 

cornflakes, beef, bread and 

other carbohydrates. During the 

race cakes, sandwiches, 

bananas, approx. 5 power bars 

and 5 (liquid) power gels are 

consumed. Add to that the 

drinks that are consumed 

during the race, on a hot day up 

to 8 liters! 

Immediately after the finish a 

snack, a drink with 

carbohydrates (coca-cola!) and 

at dinner again pasta, beef, 

ham, vegetables, yoghurt, fruit 

and a slice of cake. 

1.9 Creatine molecule 

1.10 Creatine, a popular (and 

allowed!) food supplement for 

many athletes 



Science Syllabus: SCIENCE OF CYCLING 

  Pg. 9 
8TH EDITION, SEPTEMBER 2013 

The food is processed in the stomach and intestines. Proteins are first 
reduced to glucose. Glucose can enter the body and can be 

transported via the blood to every cell in the human body. After a 
meal, most of the glucose from the food is stored inside the body in 

the form of glycogen, in muscle cells, and for a large part in the liver. 
The glycogen reserves act as a temporary storage of the glucose and 
ensures that we can maintain a constant level of glucose 
concentration in our blood. Also when dinner happened a few hours 
ago.  

The amount of glucose and glycogen that the body can store is 
restricted.  A well trained athlete can perform at a high level for 
approx. 90 minutes before the glucose reserves in his body are 

depleted. If he doesnõt eat in that period he will experience a 

phenomenon referred to as "hitting the wall" or ñthe man with the 

hammerò. In that case the human body falls back on her last and 

ultimate energy-producing system, in which fatty acids ( and in a 

lesser degree proteins) are used as the energy source, instead of 

glucose/glycogen. The main drawback of using fatty acids is that 

this process runs much slower than when using glucose. Thus, the 

body is not able anymore to maintain a high level performance, 

which is of course bad news for any athlete. On the other side, this 

energy source is almost limitless, the stored body fat can supply the 

human body energy for several days. 

Because of the almost unlimited resources, the human body prefers to 
burn fatty acids instead of glucose whenever possible. When you are 
in rest (sitting in a chair for instance) or when you cycle, swim, row or 
run with  a modest intensity, fat provides most of the energy you need 
to keep on going. Only when the energy-demand increases and the 
fatty acids cannot generate enough energy, the body will increasingly 

turn towards glucose as the main source of energy. This threshold 
point between both ways of aerobic respiration lies around 60-65% of 
the maximum heart rate (although the change is gradual of course. 

As a short summary all the energy systems of the human body are 
listed in the table below, together with the amount of time that this 
energy source can deliver a high output of energy when there would 
not be any refreshing. These durations can be altered, preferably 
elongated, by specific training. Each different sport aims at a 
(combination of) different energy source(s). Also important not to 
forget is that these values are, to a large degree, genetically dependant. 
A good sprinter is for a large part born as a sprinter! 

Table 1.2  Energy sources and their maximum duration 

Type Energy source Maximum duration  

anaerobic Stored ATP 1 ð 2 s 

ATP-PC system 5 ð 10 s 

Lactic acid system 1 min 

aerobic Aerobic, glucose 60 ð 90 min 

Aerobic, fatty acid Several days 

Table 1.3 

 

Amount of energy per g 
 

Fatty acids 39  KJ 

Glucose:  

  aerobic 17  KJ 

  anaerobic 0,94 KJ 

Protein 17  KJ 

 

Glycogen and diabetes 

Under influence of the 

hormone insulin the human 

body can form glucose into 

glycogen and store the latter 

substance in liver and muscles. 

People who are having 

difficulties with this process, 

due to the absence of insulin in 

their body, are said to have 

diabetes. There are a couple of 

types of diabetes. A lot of times 

successful treatment consists of 

the administering of synthetic 

insulin, with which it is 

possible for the patient to 

control the glucose 

concentration in their blood 

1.11 Human intestines 

World Championships  
High on the agenda of the 

ambitious cyclists are the 

World Championships, 

traditionally at the end of the 

year. 

Winning this race earns you  a 

lot of prestige, and the right to 

wear the jersey of the world 

champion for a year. 
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Human Efficiency (h) 

 

The efficiency of human 

muscle has been measured 

(in the context of rowing and 

cycling) at 14% to 27%. The 

efficiency is defined as the 

ratio of mechanical work 

output (Wout) to the total 

metabolic cost (Qin) 

out

in

W

Q
h=  

A. Wrestling 
B. Skiing 

C. Luge 

D. Javelin 

E. Tennis 

F. Tug of war 

G. Football 

H. Triathlon  

I. Gymnastics 

Questions Chapter 1 

 
1.1 Look at the different sports below. Which of the two types of 
endurances (anaerobic/aerobic) do you need (most) when you are 
doing:  

 

 

1.2 A top male cyclist can generate up to 500 J/s when he is 
exercising at full aerobic power.  

a. How many grams of glucose will  this athlete have to use per hour? 

In reality you wil l need to burn more glucose, not all the energy that 
is released can be used for moving your body. Some energy, for 
instance, will be lost in the form of heat. The efficiency of the human 
body is around 20%. 

b. How many grams of glucose will  this top athlete have to eat each 
hour to compensate for the amount of glucose that he is using? 

 

1.3 Look at Eq. 1.2. In this equation the oxidation of glucose is 
depicted. Of course, atoms are not wasted during this process. Before 
and after the reaction the total amount of atoms of each sort must be 
equal. Complete the equation by filling in the right numbers on the 
empty spaces. 
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1.4  Look carefully at picture 1.5 of a lactic acid molecule. 

a. What is the molecular notation of lactic acid? (Write it down in the 
form of C?H?O?) 

b. Complete the anaerobic reaction process in Eq. 1.3. 

 

1.5 Anaerobic burning of glucose leads to lactic acid build up in your 
muscles. But anaerobic burning has a second disadvantage when 
comparing it to aerobic burning. Look at table 1.3. 

a. What is this second disadvantage? 

b. Compare the amounts of energy that can be extracted out of one 
gram of glucose in both ways of burning. When aerobic burning of 
glucose would give you 100% of energy, what percentage can be 
attained through anaerobic burning? 

 

1.6 When you start exercising, it takes some time (1 á 2 minutes) for 
your aerobic respiration to start up completely. Look at the pictures 
on the right. Here you see that, before a time trial, professional 
cyclists first exercise hard on the home trainer. Can you explain why? 

 

1.7  During some of the longer stages of the Tour de France, a cyclist 
can use up to 10.000 KJ each day. Look at the information of some 
different foods in the info column,  and calculate: how many energy 
bars would the cyclist have to eat, when energy bars were the only 
food that he could eat? And how many slices of bread, bananas and 
plates of spaghetti? (1 plate of cooked spaghetti is 250 g) 

 

*1.8 In graph 1.1 are shown 4 of the 5 different types of energy 
sources of the human body. Take a second look at the sports of 
question 1.1. Which of the four energy systems is most important in 
each of the sports. Also explain your answers. Will these athletes also 
have to eat during their exercises? 

 

*1.9 In laboratories scientists have been able to ômakeõ genetic 
modified mice. These mice cannot make PC (phosphate-creatine) in 
their bodies. When these mice are placed in a tread-mill how will their 
performances be, when comparing them with those of normal mice? 

 

*1.10 Some athletes take extra Creatine (C), in the form of a white 
powder, to enhance their level of performance. How would an extra 

intake of Creatine lead to a better performance? 

High -energy foods 

 
Food weight  Energy 
Banana 115 g 441 KJ 
Energy 

bar 

60 g 877 KJ 

Spaghetti 148 g 873 KJ 

Slice of 
bread 

25 g 272 KJ 

 

 (ŷ) 

1.12 Pre-competition exercise, 

 Vincenzo Nibali 

 

1.13 Time trial  

 Fabian Cancellara 

  
 (Ź) 
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CHAPTER 2 THE CARDIO -VASCULAR SYSTEM  
 

2.1 An overview of the cardio vascular system 

n the last chapter we looked closely at the human metabolism. Or, 
in plain language, we answered the question: how do we get our 

energy? 
The human body obtains its energy mainly by the aerobic respiration 
of glucose in our cells. This process takes place in almost all of our 

body cells, in a specific organelle named the mitochondrion . Most 
cells have mitochondria, but due to their large energy demand, muscle 
cells are packed with mitochondria. 
To be able to perform optimally, the muscle cells are characterized by 
a high demand of glucose and oxygen. Also waste products as carbon 
dioxide (aerobic) and lactic acid (anaerobic) have to be removed 
quickly. Our blood is able to do all these three tasks (and many 
more!): 

-  The red blood cells transport oxygen from the lungs to the cells 
-  Glucose is secreted by the liver into the bloodstream and 

transported by the blood fluids 
-  Carbon dioxide is transported from the cells back to the lungs, 

also by the red blood cells.  
 
The blood circulation through the blood vessels is maintained by the 
heart. The total system of heart, vessels and blood is also known as 

the cardio vascular system. The performance of a cyclist or athlete 
largely depends on the quality of his cardio vascular system. The 
objective of endurance training is to improve this cardio vascular 
system. In this chapter we will take a look at the individual 
components of the cardio vascular system and how we can apply this 
knowledge in the understanding of sports and training, specifically in 
relation to the sport of cycling. 

 

2.2 Muscle and muscle fibres 

A muscle fibre is a single cell of a muscle. Muscle fibres are very long; 
a single fibre can reach a length of 30 cm. A muscle fibre has the 
ability to contract (become shorter). In this project we are only 
interested in skeletal muscle fibres. Human skeletal muscle fibres can 
be divided into two basic types, type I (slow-twitch fibres) and type 
IIb (fast-twitch fibres).  

Type I 

These fibres, also called slow twitch or slow oxidative fibres, contain 
many mitochondria and many blood capillaries. Type I fibres are red, 
split ATP at a slow rate, have a slow contraction velocity, are very 
resistant to fatigue and have a high capacity to generate ATP by 
aerobic respiration. Type I muscle fibres are typically found in 
muscles that require endurance, such as chicken leg muscles or the 
wing muscles of migrating birds (e.g., geese), or in the back muscles of 
the human neck. 

I  
Organelle 

In biology, an organelle is a 

discrete structure of a cell 

having specialized functions. 

An organelle is to the cell what 

an organ is to the body. 

Examples of types of organelles 

are the cell nucleus, 

mitochondrion, chloroplast and 

vacuole. 

2.1  Mitochondrion 

2.3 Muscle tissue under the microscope 

2.2 Red blood cell 
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Image 2.1 

Type IIb 

These fibres, also called fast twitch or fast glycolytic fibres, contain 
relatively few mitochondria, relatively few blood capillaries and large 
amounts of glycogen. Type IIb fibres are white, geared to generate 
ATP by anaerobic respiration, fatigue easily, split ATP at a fast rate 
and have a fast contraction velocity. Such fibres are found in large 
numbers in the muscles of the arms.  

(Type IIa fibres also exist, but do not play a major role in the human 
body) 

All muscles in the human body contain a mix of the two types of 

muscle fibre, type I and IIb. Different muscles in the human body 

have a different ratio of type I/type IIb fibres, according to their 

(main) function. The muscle fibre ratio is also for a large part 

genetically determined. That explains (for a part) why some people 

are more talented for sports like weight lifting and others are better 

in cycling or long distance running. 

Various types of exercises can bring about changes in the fibres in 

a skeletal muscle. Endurance exercises result in cardiovascular and 

respiratory changes that cause skeletal muscles to receive better 

their supplies of oxygen and carbohydrates but do not contribute to 

muscle mass. On the other hand, exercises that require great 

strength for short periods of time, such as weight lifting, produce 

an increase in the size and strength of type II B fibres. The overall 

result is that the person develops large muscles.  

2.3 The Heart, form and function 

The heart is nothing more than a muscle. It is located a little to the 
left of the middle of the chest, and it's about the size of a fist. The 
heart is basically two pumps in one package. The right side of your 
heart receives blood from the body and pumps it to the lungs. The left 
side of the heart does the exact opposite: It receives blood from the 
lungs and pumps it into the body. 

 

 

 

 

 

 

 

2.4 Measuring the vital lung 

capacity with a spirometer 

Lungs 

Also the lungs play an 

important role in  the aerobic 

respiration. In the lungs, 

oxygene is transported from the 

air to the blood cells, and 

carbon dioxide is expelled. 

Lung capacity increases, just 

like the heart, when you do a 

lot of aerobic training and is a 

measure of oneõs fitness. The 

average total lung capacity  for 

an adult male is 6 litres. In rest 

about 500 ml of air moves in to 

and out of the lungs with each 

breath. 

When measuring the lung 

capacity with a spirometer, it is 

impossible to  exhale all the air 

out of the lungs. The measured 

volume of exhaled air is called 

the vital capacity  and is 80 % 

of the total capacity. 4800 ml is 

a healthy value for the vital 

capacity for a young male.  

 

 2.4 Image of human lungs made 

with a CT scan 

 


















































































