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Chapter 1 The human metabolism

1.1 Why does an athlete train ?

he human body needs energy t0 w o .IT& gét that energy the

bodyhast o burn o6fuel & just |ike
just as cars camsepetrol, gas or diesel, the human bodgas a choice
of a couple ofdifferent energy production systems. The combination
of all energy production systems insidéhe human bodyis calledthe !
human metabolism. In this chapter we will investigate all those
different energy production systems in detail

1.1 Marathony( and
You will also discover that the different energy production systems in 100 meter dash |

our body all serve a different function. A athlete wants to develop
the energy production system(s) that he needs most for his type of
sport. When an athleteis training the wrong energyhe will not be
able to performthe besthecamt hi s sport. Tha
sprint training session loks very different from a marathon training
session.

me t

1.2 ATP, the basis of the human metabolism

In the human body, one chemical compound, and one compound
alone, playsthe leading role in our metabolism This fact is not
restricted to the human body, alliving creatureson earth use this
molecule in their energy systemdhis compound is called Adenosine
TriPhosphate orATP . The human body needsATP to power all its
physiological processs for instance the contraction of a muscle cell.
Each and every celin our body needs and uses countless of these

12 The'_AA‘_'-I'_I?_Qr_ocess in detail

ATP molecules every second. And when we are exercising, our ATP % 9 o~
demand will increase accordingly. . '

Hi ALE B - \'I B
Energy @@y % \ r. 69/
...... i
Low A
Energy ‘ Energy and Work

The physical quantity energy
(E) comes with the unitJ or
ATP can be compared with a rechargeable battery. It can store and Joule). One would need 4200 J
transport energy inside the bodyATP has the ability to break apart.  or 4,2 KJ to heat up 1 litre of
Breakdown of ATP will create Adenosine DiPhosphate (ADP) and wat er 1EC.
energy. This is done by a simple process, in which one of the Also the old unit of calorie (cal)
phosphate parts (also called Pi) is broken off from the ATP molecule, IS still used, 1 cal = 4,2.J
thus reducing the ATP fran 3 phosphates to 2, forming ADP . This is | '€ duantity Work (W) is
commonly written as ADP + Pi. When the bond connecting the (MEIE] € HM1) ©F T2 Enil

. . thus hasalso the unit of Joule.
phosphate is brokengnergyis released.

X . . In mechanics the definition of
To keep the system rolling, ADP can be built back up into ATP so work can be simplified by

that it can be used again and agaiff.o make continuous exercise saying that work is the energy
possible ATP must be resynthesised at the same rate as 1t is utilised. that is used to bring or keep an
The better your body is able to reynthesiséats ATP, the better object in motion.

trained you are

Pg5
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The chemical equation of this process looks like this:

ATP —— ADP + Pi +energy ATP store

Eq.l.1 The total amount of ATP at any
time in your body is not more
To make ATP out of ADP one also has to ad@énergy, as can be seen than 50 g.On a perhour basis,

in the equation. But where does that energyomes fronf? 1 kilogram of ATP is created,
processed and then recycled in
1.3 Glucose, the energy source of our body the averagehuman body.

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

of ADP. This process is calledespiration. 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 ~ Definition of Work

is needed, the body choosesdm (a combination of) one of the two Work on an object is

modes of respiration.Oct our se you dondt go definedas: "obi
pathway to the aerobic pathway at once; this is a graduatocess W=F @C@Q

Most sports activities force the human body to use anaerobic as well
as aerobicrespiration. As an example take a look at the results of
measurementon the tracking field (athletics).

WhereF is the net forcen
the olject (in Newton), and
sis the displacemermtf the

Distance/Event W.R. % %Anaerobic object, in metres. ]
Aerobic The angle U |
200 metres 19,32 s 5 95 between the directicmof
400 metres 43,18 s 17 83 force and movement.
800 metres 141,11 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 Mass (m)
The physical quantity mass
Table 1.1 Aerobic/anaerobic ratio ZS;)WGS with the unit ofkilogram
1.4 Aerobicrespiration 1kg=1000g and

Aerobic means 'with oxygen'. Someone with an higherobic 1 kg=1.000.00Ceg.

enduranceis able to generate a lot of energy through aerobic

respiration. A sound basis of aerobic endurance is fundamental for

almostall sporting events. But what does this mean?

During aerobic respirationthe body is working at a leveat which the

demands for oxygen and fuel can be met by the body. This means that 1.5The lactic acid molecule
the cells of the body receive enough oxygen and fuel to do their ko

properly. In the cell a reaction takes place in which glucose reacts Q

with oxygen, thus generating energy. The only waste products formed Q E

are carbon dioxide and water.
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Written in a chemical equation it reads as follows:

Glucose + oxygen— carbon dioxide + water
or
CeH1:06 + ..O, » ..CO+.. H,O

Eqg. 1.2

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

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

1.5 Anaerobiaespiration

Anaerobic means 'without oxygen'. During anaerobic wk the body
is working so hard that the demanslfor oxygen exceed the rate of
supply and the muscles have taseancther energy procssto get their
energy demands fulfilledNow they will have to obtain energy
without the use of oxygen. Again, glucose ighe fuel. During this
process waste products accumulateside the musclesthe 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 yieldsdr less energy.

The anaerobicespirationequation looks like this:

Glucose > lactic acid
Or

eeéeéeé
Eq.1.3

éeéecéee

v
(N

As the concentration of lactic acid in your muscle cells increases, yo
can f eel vy oumoreandsmole €he musdies, baing
depletedof oxygen, take the body into a stat known as oxygen debt.

The body's stored fuel soon runeut, the muscles start cramping due ¥ras

to the high acidity leveland at the endactivity ceasescompletely, and

painfully. Activity will not be resumed until the lactic acid is removed
againand the oxygen debtis gone Fortunately the body can resume

limited activity after even only a small proportion of the oxygen debt
has been repaid.

1.6 The anaerobiand aerobicespiration in detall

Belgian cyclistEddy Merckx,

al so call ed

an athlete with a very high

6t h

aerobic endurance. Hehaswon

525professional races in his
career. His world hour record
from 1972 was broken only in
2000.

When we look closer at the anaerobic respiration we can discehree
important chemical compounds which all are connected with each
other during the process. Each of them plays a part in the anaerobic
respiration. Letds see what haj
full power:

1 ATP -Adenosine Triphosphate : @ily from the energy released by
the breakdown of this compound can the cells carry out their work.
The breakdown of ATP produces energy and ADRAf no new ATP is

1.7The ATP molecule

Hs
D ns hen
H,

formed, the muscles can workip to two seconds before all available

an at

ATP is used.
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2 PC - Phosphate-creatine : creatine isa chemical compound stored
in muscletissue which functions as an energy buffer and transports
the energy from the glucose to the ATP cycl@he combination of
ADP and PC produces ATP(and C).

ADP + PC

Eq.1.4

—_—
—

ATP + 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 deliveing 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 ofglucose.

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

—— ATP-PC Systam
— Lactic Acid Svstam
— (wearall Peformance

—— Aarobic System

% of maximum rate of energy production

time

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 whichATP 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 fron
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 closelook at the aerobic respiratory system now. The
main energy supplier is the food (and drinks) that we consume daily.

HOOC

1.7 Creatine molecule

CH,

N
C/ ~'\Cf;:ﬁ'

H, |
NH;

NH
™~

Creatine

1.8 Creatine, a popular (and
allowed!)dod supplement for
many athletes

§ -

Tour de France and food

On a normal Tour de France
day, acyclist 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 meansfor all cyclists that
they have to eat the whole day
through. It starts with a heavy
breakfast, with a lot of pasta,
cornflakes beef, breadand

other carbohydrates. During the
race cakes, sandwiches,
bananas, approx. 5 power bars
and 5 (liquid) power gelsare
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 (cocaola!) and

at dinneragainpasta, beef,
ham, vegetables, yoghurt, fruit
and a slice of cake.

Pg 8
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The food is processed in the stomach and intestmédroteins arefirst
reduced to glucoseGlucose can enter the body and can be
transportedviathe blood to every cell inthe human body. After a

meal, most of the glucose from the food is storedsidethe body in 19Human intestines

the form of glycogen, in muscle cells, and for a large part in the liver.

The glycogen reserves act as atemporary storage of ¢fecose and 'T : . l
ensures that weean maintaina constantlevel of glucose '
concentration in our blood. Also when dinnerthappeneda few hours \ ) |

ago. ] Stomach

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

g Smail Intestine

depl eted. I f he doesndt eat 1in 1 e w
phenomenon referred to as "hitting the wallt At he man with t he
hammer 0. I n that casenherlasandhuman body falls b

ultimate energyproducing system, in whictatty acids (and in a

lesser degree proteinsje u;ed atheenergy source, mstead Qf .
glucose/glycogen. The main drawback of using fatty acids is tha | 4or influence of the

this process runs much slower t_har_1 V\_/heimgl glucose. Thyshe marrrae Ml G e
bodyis not able anymore to maintairh@gh level performance body can form glucose ito
which is of course bad news foryaathlete. On the other side, this glycogen and store the latter
energy source is almost limitless, #tered body fatcan supply the ~ Substance in liver and

muscles. People who are
human body energy foseveraldays. having difficulties with this

o process, due to the absence o
Because of the almost unlimited resources, the human boglgefers to  jnsulin in their body are said

burn fatty acids irstead of glucosevhenever possibleWhen you are to have diabetes. There are a
in rest (sitting in a chairfor instance or when you cycle, swim, row or  couple of types of diabetes. A
run with a modestintensity, fat providesmost of the energy you need lot of times successful

to keep on going. Only when the energgemand increases and the treatment consists of the
fatty acids cannot generate enough energihe body will increasingly ~ administering of synthetic
turn towards glucose as the main source of energy. This threshold '”S“".E*I Wf'th ";’1h'Ch LD

point between both ways baerobic respiration lies around 6®&5% of Eg;'f;’lol fhsrgtluiozaetlem o

the maximum heart rate (although the change is gradual of course concentration in their blood
As a short summary all the energy systems of the human body are
listed inthe table below, together with the amount of time that this
energy soure can deliver a high output of energy when there would
not be any refreshing. These durations can be altered, preferably
elongated, by speciffic training. Each different sport aims at a
(combination of) different energy source(s). Also important not to
forget is that these values ardo a large degreegenetically dependant.

] . ) Table 1.3
A good sprinter is for a large part borrasa sprinter! avie

Amount of energy perg

Type Energy source Maximum duration _
anaerobic  Stored ATP 182s (F;ngozz_ds &) [
ATP-PC system 5010s aerobic 17 KJ
anaerobic 0,94 KJ
Lactic acid system 1 min Protein Li 15
aerobic Aerobic, glucose 60090 min
Aerobic, fatty acid Several days

Table 1.2 Energy sources and their maximum duration
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Questions Chapter 1

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

1.2 A top male cyclist cangenerateup to 500 J/s when he is
exercising at fullaerobicpower.

a. How many grams of glucose Wl this athletehave to useper hour?

In reality you wil | need to burn more glucosenot all the energy that

is releasecdcan be used for moving/our 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 il this top athlete have to eat each
hour to compensate for the amont of glucose thathe is usng?

1.3 Look at Eqg. 1.2. In this equation the oxidation of glicose is
depicted. Of courseatoms arenot wastedduring this process. Before
and after the reaction the total amount of atoms of each sort must be
equal. Completethe equation by filling in the right numberson the
empty spaces.

Human Efficiency (#)

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 (W) to the total
metabolic cost(Q;,)

W,

h = Lout

Qn

Pg 10
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1.4 Look carefully at picture 1.5 of alactic acid molecule.

a. What is the molecular notation of lactic acidP®Write it down in the
form of CHLO,)

b. Complete the anaerobic reaction prass inEq. 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 enounts of energy that can be extracted out of one
gram of glucose in both ways of burning. When aerobic burninof
glucosewould give you 100% of energy, what percentagean be
attainedthrough anaerobic burning?

1.6 When you start exercising, it takes soe time (1 & 2 minutes) for
your aerobic respiration to start up completely. Look at the pictures
on theright. Here you see that, before a time trial, professional

cyclists first exercise hard on the home trainer. Can you explain why? (y) _
Pre—competltlon exercise

Vincenzo Nibali

1.7 During some ofthe 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

Time trial Fabian Cancellara

(2)

plates of spaghetti? (1 plate of cooked spaghetti is 250 g)

*1.8 In graph 1.1are shown4 of the 5 different types of energy
sources of the human body. Take a second look at the sports of
guegion 1.1. Which of the four energy systems is most important in
each of the sports. Also explain your answer®Vill these athletes also
have to eat during their exercises?

*191n | aboratories scientists have
modified mice. These mice cannot makd”C (phosphatecreating) in

their bodies. When these mice are placed in a treadill how will their
performances be, when comparing them with those of normal mice?  pigh -energy foods

. . . Food weight  Energy

*1.10 Some athletes take extra Creatine (C), in the form of a white Banana 1159  441KJ

powder, to enhance their level of performance. How would an extra Energy 609 877 KJ
ar

! ; -
intake of Creatine lead to a better performance” Spagheti 1489 873 KJ

Slice of 25¢9 272 KJ
bread

Pg 11
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Chapter 2 The cardio-vascular system

2.1 An overview of the cardio vascular system

I n the last chapteme looked closely athe human metatwlism. Or, Organelle _
in plain language, weanswered the questionhow do we get our In biology, anorganelleis a
energy? discretestructure of a cell

The human bodyobtains its energymainly by the aerobicrespiration ~ having specialized functions.
of glucose in our cells. This process takes place in almost all of our AN Organelie is to the cell what
. o . . an organ is to the body.

body cells, in a specifiorganelle named themitochondrion . Most Examples of typa of organelles

cells have mitochondria, but due to their large energiemand muscle 4y the cell nucleus,

cells are packed with mitochondria. mitochondrion, chloroplast and

To be able tgperform optimally, the muscle cells are characterized by vacuole.

a high demand of glucose and oxygen. Also waspeoducts as carbon

dioxide (aerabic) and lactic acid (anaerobic) have to be removed

quickly. Our blood is able to do allthesethree tasks (and many

more!):

- The red blood cells transport oxygen from the lungs to the cells

- Glucose is secreted by the livenio 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.

2.1 Mitochondrion

The blood circulation through the blood vessels maintained by the
heart. The total system of heart, v&els 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 ofendurancetraining is to improve this cardio vascular
system. In this chapte we will take a look at the individual
components of the cardio vascular system and how we can apply thi2 Red blood cell
knowledge in the understanding of sportand training, specifically in S
relation to the sport ofcycling.

2.2 Muscle and muscle fibres

A muscle fibreis a single cell of a muscle. Muscle fibres are very lon
a single fibre can reach a length of 3®n. A muscle fibrehas the
ability to contract (become shorter). In this project we are only
interested inskeletalmuscle fibres.Human skeletal muscle fibescan
be divided into two basic types, type | (slowtwitch fibres) and type

lIb (fast-twitch fibres).

Type |

These fibres, also called slow twitch or slow oxidative fibres, contain 22 Muscle tissue under the microscc

many mitochondria and many blood capillaries. Type | fibres are redEf s :1"-{2"?{‘“}

split ATP at a slow rate, have a slow contraction velocity, are very , E’-‘\Rl.fﬁ&.#_[ 4
SRR

resistant to fatigue and have a high capacity to generate ATP by
aerobic respiration. Type | muscle fibres are typically found in
muscles that require endurance, such as chicken leg musdeshe A
wing muscles of migrating birds (e.g., geese), or in the back musclesjy&s
the human neck. -
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Type lIb

These fibres, also called fast twitch or fast glycolytic fibres, contain
relatively few mitochondria, relatively few blood capillaries and large
amounts of glycogen. Type Ib 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 lla fibres also exist, but do not playa major role in the human
body)

All musclesin the human bodgontain a mix of the two types of

muscle fibre, type | and llb. Different muscles in the human bod -

have a differentatio of type I/type lIb fibres, according to tine
(main) function. The muscle fibre ratio is also fdaegepart
genetically determined. That explaifier a part)\why some people
are more talented for sports like weight lifting and others are be
in cycling orlong distance running.

Various typeof exercises can bring about changes in the fibres
a skeletal muscle. Endurance exercises result in cardiovascular
respiratory changes that cause skeletal muscles to receive bett
their suppliesof oxygen and carbohydrates but do not contribute
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 Il B fibres. The over
result is that the person develops large muscles.

2.3 The Heart, form and function

The heart is nothing more than anuscle. 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 on@ackage The right side of your
heart receives lmod 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 itinto the body.

Superor
Vena Cava Vs

Imaae 2.1

Pulmonary
Artery

Pulmonary
Vahve ™

Tricuspid * ¢
Valve

Inferor Vena Cava

2.3Measuring the vital lung
capacity with a spirometer

Lungs

Also the lungs play an
important role in the aerobic
respiration. In the lungs
oxygeneis 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 o@eed
averagetotal 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 masured
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 ayoung male.

24 Image of human lungs mac
with a CT scan

Pg 14



Scienc&yllabus:SCIENCE OFCYCLING

The heartconsistsof four different blood-illed areas, and each of

these areas is caltbachamber. There are two chambers on each side

of the heart. One chamber is on the top and one chamber is on the

bottom. The two chambers on top are called thatria. The atria are ~ Volume (V)

the chambers that fill with the blood returning to the heart from the ~ Volume is a physical quansmy’
body and lungs.The two chambers on the bottom are called the Lo (I ofvolu:;gm et
ventricles. Their job is to squirt out the blood to the body and lungs. (1:“:2 = 1000 dm=1.000.000
1 dmdis also called 1litre,
The atria and ventricles work as a teanthe atria fill with blood, then  ; ;=1 cc

pump it into the ventricles. The ventricles thersqueeze, pumping
blood out of the heart. While the ventricles are squeezing, the atria
refill and get ready for the next contraction. Both atria and both
ventricles squeeze as a duo. Four specialves inside the heart

regulate the blood flow through thechambers.
The human heart

On average a human heart h e
beats 3.000.000.000 times ia
lifetime, pumping a total of

A O6single cycle of cardiac act
into two basic stages.The first stage igiastole, during which the

cardiac (=heart) muscle is in rest and the ventricles fill themselves 150.000 n? of blood through

with blood. The second stage isatled systole, which represents the the arteries. That is the

time of contraction of the cardiac muscle. equivalent of 60 olympic
swimming pools!

Image 2.2 Diastole

S <
Lance Armstrongd statistics

Resting reart rate: 32 bpm
Maximum heart rate: 201 bpm
VO,max: 84 ml/min/kg

Systole

In rest, the heart contracts around 70 ties per minute. With each
contraction 70 ml of blood is pumped into the blood vessels on
average (this volume is callethe stroke volume). That means that
the heart is pumping up to Sitres of blood each minute, when you
are in rest.

When the demand of blood increases, the body reacts by increasing
the heart rate Furthermore, also the amountof blood per heart beat
increases. A healthy young male can reach up to 22 litre per minute
during exercise, with the heart rate increasg to 195 bpm (beats per
minute) and a stroke volune of 110 ml.

How can an athlete train hiscardiac output, the amount of blood that
his heartpumps each minute®ne might think that one option could

be to increase his maximum heart ratly training. This is impossible

however. The maximum heart rate a person can reach is not

Pg 15
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trainable. This is a fixed quantity, only depending on your age. On
average one could say:

ECG

Itis possible to neasure the
Maximum heart rate = 220 - Age (In ye( electric pulses in the heart from
Eq.2.1 outside the body. This is done

using an ECG or electre
cardiograph. With an ECG it is
possi ble to 6se

One aspect that is trainable ithe size of the heartThrough training of atria and ventricles. A trained

: . :
the heartcangrow! Top athletes are gble to increase their stroke doctor can use the ECG to
vqum(_a to more than 200 ml. V\_Ielltral_ned top athlete_s carthusreach  .pack the heart on diseases dn
a cardiac output up to $-40 I/min. This performance is only reached  majfunctions.

after years of hard training A bigger heart also means a lower heart  |n television medical dramas, an

rate when in rest . bdahasfadite machthed isoelectric ECG (no cardiac
litre neededeach minute. A welkrained athlete will therefore havea electrical activity or flatline) is
lower resting heart rate often used as a symbol of death

or at least extreme medical
peril. This isknown technically

2.4 How does the heart work? as asystole

. . . . . 2.5ECG graph
Cardiac muscleis a special and unique type of muscle fibré. skeletal  p. contraction of ari

musclerequiresa stimulus from the nervous system to contract. This  QRS: contraction of ventricles
stimulus can be conscious (when you want to move youiahd to grab  T: relaxation of ventricles
something) or a reflex (when you touch a hot object and immediately R

move your hand) The heart does not need a stimulus, but contracts
all by itself, although the heart ratecan be changed by nervous or
hormonal influences When you exercise ofare in a sudden panic
situation the heart beat increases.

Q s
I_QT_|

Left Atrium
Pacemaker

When t henatbralar t o
pacemaker the SA node,is not
Bundle of His working correctly, or when the
electrical pulsefrom the SA
node is blocked somewhere in
the heart, the function of the SA

Left Bundle node is takenover by an
Branch artificial pacemaker. The

Sinoatrial (SA)
Node

Right Atrium

Atrioventricular

(AV) Node Left Ventricle pa_cemaker isplaced under_the
skin near the heart and emits
regular electrical pulses to the

Right Ventricle heart.

Image 2.3
Right Bundle Branch

For heart muscle fibres to contract all that is needed is an elect
signal. Timing is crucial, all heart muscle fibres must receive th -

signal with careful timinga make the heart contract in the right .
way. The rhythmic sequence of contractions is coordinated by t ‘ﬂ%
sinoatrial (or SA) andatrioventricular (or AV) nodes. The h

sinoatrial node, often known as the cardiac pacemaker, is located In
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the upper wall of the ght atrium This SA node can emit an Aerle @ anee Wl el
electricalpulsethatmakes thatria contractThe electric signal In fig 2.6 test results of an
moves as a wave through the muscle tissues of the@tig the  athlete on an ergometeare
wave reaches th&V node, situated in the lower right atrium, it is shown. As the intensity, and
conducted througherves calledhe bundles of His The bundles ~ &sothe heartrate, increases

of His distribute the electrical pulse over left and right ve ntacie E;heoren'scaepﬂ'?t ‘;Vhae rte ithilimatie
causes contraction of the ventricl&ecause it takes some time fC oo starts increasing. Here,
the electrical pulse to get from the SA node to the ventricles (th also anaerobic respiration starts
AV node slows down the electrical pulse), the atria contract firs taking place. This is theaerobic

after0,1 s the ventricles contract. This ensures that the heart ~ threshold. At a certain point the
functions correctly intensity is that high that all the
) | actate candt b

) ) anymore. The concentration
2.5 Measuring the aerobic performance increases steeply. This is the

anaerobic threshold.

Until now this chapter focused on the anatomy of the human cdio
vascular system. But what does someone needs to become a great 26 Test results lactate
endurance athlete? B

A good endurance athlete must be able to generate a lot of energy

through aerobic respiration. By training he has adapted his bodyto . Tascs
perform optimal at his sport. Hehas improved important processes in - , e y
his body, namely: %2 ._’_'g_‘__,_.--
 the ability of the muscle cells to extract oxygen fromthe bloor " e w0 10 w1 1m0
passing through them Heart Rate (bpm)

9 his cardiac output
1 his lung capacity

When the athlete is performing at a low level he will get his energy
solely from aerobic respiration. When the athlete increases his
performance level, at a certain point, thaerobic threshold, also 2.7 800 m dash, final sprint,
anaerobic respiration will occur in his body. This is no problem, as all high lactic acid concentratior
the lactic acid can be removed from the muscles. The abio
threshold occurs at around 65% of your maximum heart rate.

As the athlete keeps increasing his performance level, he will reach
point where he wondt be abl e t
from his muscles. The production of lactic acid begnes too large and
the lactic acid will accumulate (= increase in concentration). While
the lactic acid concentration increases the athlete will feel a increasi
burning of the muscles, and after a short while he will have to slow
down or stop altogetheto give his body the opportunity to remove
the lactic acid from the muscles.

The point where the lactic acid starts rising is called tlanaerobic
threshold, and is mostly at around 8$0% of your maximum heart
rate. At this point the cardio vascular syem of the athlete is
functioning at its peak performance. One can train the abilitytogo |
beyond the anaerobic threshold and perform well even at high lactatd
concentrations, albeit for a short time (end sprint). Lactic acid
concentrations of 16 times th@ormal concentration in rest (1

mmol/l) have been measured.
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12

10 - ./
i Anaerobic /

threshold point Poe

Blood lactate (mmol/L)
m

4 55 7 85 10 M8 13 143 16 17 178 19 20
Running speed (km'h) Graph 2.1

The anaerobic threshold Is a very important value tor any endurance
athlete. Ideally an athlete wants to perform at that level where he is
just under this anaerobs threshold. Look at graph 2.1, where lactic
acid concentrations were being measured as an athlete was running
harder and harder. Up to a running speed of 11,8 km/h the athlete
was able to keep hic lactic acid concentration at a constant level. He
can runat a speed of 11,8 km/h for a long time. This is his anaerobic
threshold point. During a race he will try to run at this speed.

In laboratories, ergometersare used to be able to also measure the
power that an athlete is producing. Cyclists mostly use dyay
ergometers. During such endurance tests one can measure the
maximum speed ormaximum power that the athlete can produce,
when he is performing at his anaerobic threshold. Also the oxygen
intake can be measured. A more trained athlete will be able takie in
more oxygen per minute, andalsowill be able to generate a higher
power.

As the oxygen intake is such an important parameter, it has its own
unit, the VO, max. The VO, max is defined as the highegtte at
which oxygen can be taken up and utilizedluring exercise by a
person(when performing at the anaerobic threshold)'he VO, max
has the unitml per minute per kg of body weight. Why per kg of
body weight? A large, and heavy, athlete will be able to take in more
oxygen than a small, and light, dtlete. To be able to compare both
athletes,VO, max is always given per kg of body weight.

The average young untrained male will have a V0Onax of
approximately 45 ml/min/kg. The average young untrained female
will score a VO, max of approximately 38 ml/min/kg. Trained
endurance athletes can reach values up to 70 ml/min/kg.

The ergometer

The ergometer is designed for
the test and training of high
performance athletes, especially
cyclists.An ergometer

measues the amount of energy
or work performed by the
athlete.

2.8 Ergometer

Power

Power is a physical quantity and
describes the amount of (useful)
energy that is emittedby an
apparatus, or a person, per
second. The unit of power is the
J/s or Waitt (W) .

Another well known unit for
power is thehorsepower (hp):

1 hp =746 Watt
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Questions Chapter 2

2.1 Look at some average VE@max values ofdifferent well-trained
male athletesin the table to the right. Thes&/O, max valuesare a Sport
good indication of the quality of the cardiovascular system of the
athletes.
a. Divide the different sportsin two groups: sports where you need a Non-athlete
good cardiovascul ar system, and
b. Can you explain why som&O,at hgasebal
max value?
c. What type of muscles do the athletes in each group need the gicycling
most?Type | or type Ib?

Gymnastics
2.2 Read the information on the human lungs in the information

column. . _ _ Nordic Sking
a. What lung capacity did you measure during the fitness test?

b. Calculate your total lung capacity. Is it considered healthy?
c. Can you give an explanation why it is imposstbleneasure
directly your total lung capacity? Weightlifting

Rowing

2.30n an average, a human body will need approximatétyeS  gpeeq sking
of blood pumped around each minute, when in rest.

a. You have measured your heart pulse at rest during the fitness
test. Calculate how big yoteart volume must be to pumgide
(when you are a girl)/Btre (when you are a boy) of blood each
minute. Give your answer in kuoL!

b. Make an estimate of your maximum cardiac output. To do this
you will first have to make an estimation of your maximheart
rate. Also use the fact that the heart volume of a healthy young
human can increase with 50% when it is performing at its
maximum.

VO, max
(ml/kg.min)

43-52

48-56

62-74

52-58

65-94

60-72

38-52

56-70

2.10Nordic skiing
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b
2.4 Look at the image below. Here you can see a schematic view of

the cardiovascular system of the human body.
0s |

a. Write in this schematic view where wecanfind the skeletal _. -

muscles. ol 31 | : |
i LUNSS 8LOOD s | ! 1§ ! | 1
=1 | RETURNING . .
t‘i?\s';sl PT‘E) 0 100 200 300 400 500 GO0
THE HEART tind

LFET AV

ULROK AORTIC VALVE

BLOOD

CAPILLARIES

BLOCD RETURNING 8LOCD SOING
TO HEART FROM TO 30ODY
8ODY

b. Give all veins and parts of the heart a colourColour it red when
the blood is rich of oxygen, and blue when the blood contains less
oxygen.

c. Ascanbe seen inthe image, the walllefleft ventricle
(chamber) is thicker that that of thght ventricle. The wall
consists ostrongmuscles. Can you give an explanation why
the right ventricle is more muscular?

*2.5In the diagranatthe right an ECG reading is shown. The
electric curent that makes the different parts of the heart contract
can be measured against time. The graph depicts exactly one heart
beat. Read the information on ECG diagrams in the info column on
page 15.

a. Determine the heart rate of this person.

Froman ECG swme crucial information of the different stages ofa
heart beat can be measured.

b. Where in this diagram can the P wave be found? How long does
it take for the atria to contract?

c. Where in this diagram can the QRS wave be found? How long
does it take fothe ventricles to contract?

d. When the heart is in asystole (this means
contract anymore, a heart attack), a paramedic can give the patient
an electric shock. For the same reason, an accidental powerful
electric shock can be deadan you explain why?
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2.6 In this graph you can see the results of a performance test of an
athlete. The oxygen consumption has been measured while the
exercise level increased in steps.

~I
ol

D
o

IS
o

/

Oxygen Consumption (mg.min/kg)

30 /
15 /
0 , : .
0 100 200 300 400
Graph 2 Exercise level (Watt)

a. How do we call the level of oxygen consumption at the red
arrow?

b. Apart from the oxygen consumption, also the lactic acid
concentration in the blood of the athlete is measured. Which of
the four graphs depicts the right pattern of lactic acid
concentration with increasing exercise levels?

10 10
<7,5 / 7,5
g / g
o5 g8 o
§25 / §2,5 /
0 — 0 . . .
' ' ' 0 100 200 300
0 100 200 300 B
A Exercise level Exercise level
10 10
©7,5 / ©7,5
o o
< / <
o 5 / o 5 /_-
5 5 /
Ses —— 525 —
0 T T T 0 : : :
100 200 100 200 300

O

Exercise level

Exercise level

Man vs. animal

How does man stak up against
other animals?
el

Measurements on the
performances of racing horses
revealed values of V@nax
exceeding 180 ml/min/kg.
That is twice as much as the
best human athletes can

ﬁduce!
5

K

ol L1 e A
The ultimate endurance
champion, the pronghorn
antelope, with a VO,max of
300 ml/min/kg.

The fittest man ever?
Miguel Indurain 0 statistics

Resting keart rate: 3 bpm
Vital lung capacity: 8 litre
Cardiac output: 50 |/min

VO,max: 92 mI/min/k'q
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Chapter 3 The physics of cycling

\ . y ! : Definitions of the Sl quantities
he first two chapters dealt with thebiochemical processes in the a

human body which enable us to get the energy to move, to grow Time:

in other words to live. In this chapter we will look more closely at The second isdefined as

how a cyclist can use (a part of) thisnergy to move as fast as he or 9192631700 times the period of

she can. This chapter ifocusedmainly on the physics of cycling. oscillation of radiation from the
cesium atom

3.1 The moving cyclist and the laws of Newton Length:

The meteis defined as the

o - . distance traveled by light in
A cyclist is able to generate energy in his muscles which can make t .. ..m during a time interval of

muscles contract. By coordinating thee contractions (this is what you 1/299792458 second.

learn when you learn how to ride a bike!) he can produce a force on  Mass:

the moving pedals of the bike and in this wape producesan amount  The kg is defined as the mass of
of work. The more power that the cyclist generate, the greater the a specificplatinum-iridium alloy
work he producesand the greater the force on the pedals will become cylinder kept at the International
This force is conducted through chain blade, chain, gearwheel and t| Bureau of Weights and Measures
back wheel to the road surface. What happens next? To answer thal &t Sevres, France

guestion we will take alook aiN e wt o n 6 s ®ofimotiondwhicha w

states:

To every action (force applied) there is an equal but opposite reg
(equal force applied in the opposite direction)
Eq.3.1

For example, when you put a box on atable, the box will apply a
force onthe table (due to gravity, red arrow), and the table will apply
a force of the same magnitude and opposite direction on the box (bl
arrow).

YOU CAN'T TOUCH
WITHOUT BEING TOUCHED-
HEWTON'S THIRD LAY

A

Image3.1Ne wt o n &

Third law
bédx
[ ]
table
International System of Units
v The (SI) base units
Table 3
quantity name symbol
floor mass kilogram kg
Or, in the situation of the cyclist, this law states that when the bike ~ time second s
. . . length meter m
applies aforce to the road below, the road will apply an equal force i g oirrent Ampere A
the opposite direction on the bike that makes the bike move. In othe! Tempe- Kelvin K
words, how silly this may sound, the bile isbeingpushed forward by  rature
the road surface. Amountof  Mole mol
substance
_ Luminous Candela cd
Let us take a | ook at a Netwh ern € intensity

first law of motion:
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Objects in motiotend to stay imotion, and objects at rest tend
to stay at rest unless an outsiggforcer, acts upon them
Eq.3.2

Which forces are acting on the cyclist and his bike? As the cyclist is
starting to move forwards, he will experience #orce calleddrag force
or friction . The harder he goes, the bigger this friction will become.
Thus, two forces are acting on the cyclist, the force of the road
pushing the cyclist forwards (thg@ropelling force, or also called
thrust, F,), and theresistance force (also called dragor friction) (F),
pushing the cyclist backwards.
the bike will move at a constant speed when both forces have the
same magnitude. WherF, is as large a$, both forces cancel each
other out, and there is no outside net forc&, working on the cyclist.
When the cyclist starts to ride with a constant power, he will go faste
and faster untilhe reacheghe point whereF, has become equal t&,, ,
he will now move at a constant velocity.

When riding, a cyclist is constantly battling the resistance force acting
on his bike. The magnitude of hs speeds dependant on his
continuous power output.

3.2 The resistance force on a moving bike

When riding on a flat road the resistance force has two ponents:

9 Air friction orair drag

1 Rolling friction or rolling drag
When the road is inclining, when you are climbing up a hill or
mountain, a third component is introduced, as the cyclist also has to
overcome thegravitational force . As the incline of theroad becomes
quite steep, this gravitational component becomes by far the largest «
the three componentsThat is why climbing asteepmountain is such
a hard work for a cyclist.For now we concentrate on riding on a flat
road.

Air friction F,,is, in general, the force that resists the movement of a
solid object (like a bike) through a gas. The air friction is made up of
friction forces and pressure forces. The theory behind it is quite
complicated and is beyond the scope of this project. The air fiiwh
can be calculated using the air friction equation:

r.a

F.= = /o028, A
2
Eq.3.3

Letds |l ook in detail at all th

1 F.aisthetotal air friction , and as it is aforce it comes with
the unit of Newton (N)

1 J isthedensity of the gas or liquid where the object is moving
through, in kg/m3. In our case, the cyclist and his bike move
through the air, which has gaverage)Xensity of 1,226 kg/nt.
The density of water is almost 800 times that of air (1000

Force

Force is avector quantity, this
means that force always has a

maghnitude as well asa direction.
The unit of force is theNewton

(N). The precise definition of

force goes beyond the scope of
this project. For now it is
enough to know that when you

apply a (net) force upon an
object, this object will begin

change its movement. A mass of

10

kg

on

t he

eat

a gravitational force of approx.

98 N.

A force is often visualised by an

arrow.

Sir Isaac Newton
4 January 164831 March 1727

was an English physicist,

mathematician, astronomer,

alchemist, and natural

philosopher who is generally

regarded as one of the greatest
scientists and mathematicians in

history.

During
Mexico City was a popular
location for breaking the cycling
world hour record. Due to the
height of the track, 2338 m above
sea level, the density of the air in
Mexico City is significantly

lower than at sealevel, and
therefore also the air friction is
smaller.

t he

The Mexico hour records
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kg/m®). When you ever have tied to run tirough shallow Aerodynamics
water, you already know that the friction in water is much, The word aerodynamics comes
much larger than that in air from two Greek words: aerios

 vis the velocity of the bikerelative to the air, in m/s. This concerning the air, and
dynamis, which means force.

means that when you are riding in the direction of thevind, o
this velocity is smaller than when you ride against the wind Aerodynamics is the study of
} i ) 5 = forces and the resulting motion
1 Ais thefrontal cross section area in m*. When acyclist rides  of gpjects through the air.An

at a high velocity, he will automatically bend forward to aerodynamic object is one that
decrease his frontal cross section area is designed to have a very low
1 Cais the socalled drag coefficient. The drag coefficient resistance when it moves

depends on théorm of the object. An aerodynamic formed ~ through water or air.
object will have a lower drag coefficient. The drag coefficient
of a cyclist and bike is around 0,9. Professional bikes do have
aerodynamic features to decrease tlieag coefficient.

3.1 Air flow over a race car

The bike is not only in contact with the air, but also with the surface
of the road. As the bike moves, there will always be friction between
the tyres of the bike and the surface of the road. This friction leads tc
the rolling friction, F,,. This rolling friction can be calculated with:

I:r,r = m m

Eq.3.4

32Cyclist:

Again we look at the components in this equation:

1 F.. isthetotal rolling friction , and comes with the unit of

Newton (N)

1 mis themassof the rolling object, in our case the combined
mass of cyclst and bike
gis the constant ofgravitational acceleration, 9,81 m/s?
€« is called thecoefficient of (kinetic) friction . Its magnitude
depends on the nature of the two surfaces. The combination
6tyre on | oose s and § thanthel h
combination O6tyre on asphalt:
inflating it to a high pressure decreases thg Look at the
tyres used on a racing bike!

E ]

33Ferrari Testarossa:
. . . Drag coefficient 0,36
The total resistance force (or dragF; is defined as: J -

F=F, +,
Eqg.3.5

In normal cycling situations, the air friction will be by far the largest
of the two components. The cyclist is maily battling the air friction.

3.3 Gravitational force

What happens when a cyclist rides up a hill or mountain? From own
experience you may well know that climbing a steep hill reduces you
velocity enormously. As yours p
must mean that riding uphill introduces an extra force. 3.4X-15 Rocket airplane
Drag coefficient 0,15

den
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Look at the illustration in image 3.2. Here, the forces acting on the
cyclist are visualised by the red arrows:;, andF, , are the two
friction forces, acting in the direction opposite oftte direction of
movement of the cyclist. There is also athird force, that has, until
now, not been discussed. This force is tHerce of gravity, Fg, that is
always directed downwards and pulls the cyclist to the ground.
Because the cyclist in image 3.2 aves on a level surface, he is
moving perpendicular to the force of gravity. In this case the force of
gravity is not producing any work on the cyclist.

Image 2 F . Image 3

In image 3.3 the same cyclist is going uphill. The forces of friction are
still acting. But in this case, the force of gravity isot perpendicular to
the direction of movement of the cyclist and is actually doing work on
the cyclist. This implies that the cyclist has also to overcome (a part
of) the force of gravity. This lead to an increase of the net total of the
restricting forces.

Image 3.4 depicts the situation in more detail. We call the angle of
inclination of the road U. The force of gravity can be dissected into
two forces, R, ,which is directed along the direction of movement,
and Fy,, which is directed perpendicular to the direction of
movement. As R is again perpendicular to the direction of
movement, it can ke discarded in this calculation. f is the extra
force that has to be overcome when the cyclist wants to move up the
hill.

Fox

A/

The magnitude of this force follows from the basic laws of
trigonometry and can be calculated as faivs:

Fox=F, $na
Eq.3.6

As Fgis only dependent of the total weight of cyclist and bike,
equation 3.6 can also be written as:

Gravity

In physics,gravitation or
gravity is the endency of
objects with mass to movdto
acceleratefoward each other.
Gravitation is one of the four
fundamental interactions in
nature and also thewe akest of
them. It acts over great
distances and is always
attractive.

In 1687 Sir Isaac Newton
published the famousbook
Principig which postulated the
law of universal gravitation.

T
3.5 Drafting:team time trial
Drafting

Drafting is an important
technique in road racing.The
cyclist, as he moves through
the air, produces a turbulent
wake behind himself where
the pressure is lower. If you're
following another cyclist and
can move into the wake behind
the front bicyclist, youwill
have anadvantage. Tle low
pressure moves you forward
This can reduce your air
resistan@ up to 40%!

Both images: Time trial
championship Eindhoven, 2006
Which team 6dras
3.6 Cofidis team
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F,x=Mm O sita
Eq.3.7

And gis again the constant of gravitational acceleration, 9,81 nt/s
The total of all resisting forcesF, , becomes:

F=F, £, R sifa
Eq.3.8

Keep in mind that yvhen the road is level and the angle of inclination,
U is zero, also sirJwill be zero. In this situation, equation 3.8
transfers into equation 3.5.

3.4 Force, velocity and power

A cyclist is not thinking about forces when he is competing in a race.
The only thing he is interested in is hiselocity. We have looked at
the forces that are acting when the cyclist is riding. The cyclist has tc
work against the resisting forces acting on him. His trained
metabolism and cardio vascular system enables the cyclisiiat a
certain amount of energy per second into his cycling. This amount of
energy per second is called thaower (in Watt) that the cyclist can
produce. The better trained the cyclist is, the higher the power that h
can generate during a race. Aprinteris able to produce a very high
power for a short period of time A time trial specialist can generate a
high power over a longer time.

There is a relationship between the power, the velocity and the
propelling forcewhen riding with a constant velocity:

P= Fp ior F;':Fr Q
Ea.39

With:
1 P the power that can be generated (in Watt, or J/s)
1 Fythe propelling force (in N)
1 F: the total of all resisting forces(in N) (= equal toF!)
1 v the velocity at which the cyclist moves (in m/s)

Now it is possible to calculate the velocity of theyclist when one
knows the powerP of the cyclist and the magnitude oF,. Equation
3.9 shows that when a cyclist goes uphill, an#, increases
dramatically, the velocity of the cyclist decreases significantly.

Power tells a | ot,buarotaluA bigger,andc |
heavier, cyclist will ,on average, be able to generate more power tha
a smaller cyclist. But that does not have to mean that the bigger cycl
will go at a higher veloctty, as also the resisting forces will be larger.
To be ale to compare cyclists (and athletes in general) of different
sizes, the quantity ofpower-to-weight ratio is used, the amount of
Watts a cyclist can generate per kg of his bodyweight. Especially
world-class climbers have very high values for this ratiap to more
than 6 W/kg.

Power and cycling
Table 2

Untrained male 100 W
Amateur cyclist 300 W
Elite cyclist 400 W
World hour 440 W
record

1 horsepower 736 W
Road sprint 1500 W
Track sprint 2200 W

3.7 Theo Boshutch world

Marco Pantani
January 13 1976February 14 2004

Italian Marco Pantani was a
gifted climberwho excelled in

the Giro doltal
de France during the second
part of the 90-0

to-weight ratio of 6,20 W/kg,
Pantani was practically
unbeatable uphill. Pantani died
in 2004 under suspicious
circumstances.

3§ Pantani wins
Giro d®8t al i a
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Questions Chapté&

3.1 In each situation, fill in the right explanations using the laws of
Newton. (1= Newt onds“=MNiewstonldawt h3rd |

A Example:
3": The gun acts aforce on the bullet as the bullet shoots
away, the bullet also acts a force in the opposite direction on
the gun .
1% The gun experiences a net force, and will move backwards, J J
towards the shoulder

wulstoos
1 patet L

-l
L |

v

B 3th: eééeéececeecéeecéeeéee?

1% The girl will experience an outside net force and moves to
the left

C 39 as the ballon Opushesd the
back upwards

war ds,

1 ééééééééééécééécéeééee. ? action: reaction
air balloon
rushes goes up
down

Reaction Reaction

,,,,,,,,,,,,,,,,,,,

'\
T 371 F

3.2 A mountain bike cyclist is starting his training.The cyclist weighs
76 kg, his bike weighs 11,5 kq.,;, is 1,226kg/m 3. The cyclistds
frontal cross section is 0,79 rand he has a drag coefficient of 1,0.
The cyclist starts riding with a constant velocity of 5,0 m/s. His bike

is equipped with tyres wih a coefficient of friction of 0,004.

a. Calculate the total resistance force that the cyclist encounters at th

Velocity (V)
Velocity is a vector quantity,
this means that velocity always

velocity. _ _ _ has a magnitude (also called
b. How many percent of the total resistance is formed by the rolling  speed and a direction.
drag, and how many percent by the air drag? Velocity is defined as:

o _ . _ _ Velocity = distance travelle
Now the cyclist is accelerating to 10 m/s and moving on with this the time it took

higher constant velocity. _ Dx
cWhat percentageof the total resistance is now formed by the rolling ~ ©F mathematically: v = o
drag? What can you conclude? The unit of velocity ism/s.
The cyclist now changesis mountain bike for a racing bikegwhich 1m/s = 3,6 km/h

weighs 8,0 kg) Due to the differences in geometry of both bikes, his 1 km/h = 0,28 m/s

frontal cross section decreases to 0,62 and his drag coefficient

becomes 0,88.

d. What velocity will the cyclist go on his racing bike, when his

propelling force stays the same as in question 3.2c?
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3.3 In the info column on the right you can read about the world
record of Fred Rompelberg.

a. What velocity did Rompelberg reach during his record run (in
km/h)?

Look also carefully at the picture.
b. Explain, using your knowledge of the different frces on a cyclist,
how Rompelberg was able to go at that incredible high velocity.

*3.4 A cyclist is on her bike, on the top of a hill. She decides to roll
downhill, without cycling herself. In the graph you can see her
velocity in the first 20 second®f her movement.

a. Explain, by using forces, why the girl starts to move. Where does
the propelling force comes from?

b. As can be seen in the graph, the girl reaches a constant velocity
after some seconds. Explain why she is, after a while, going at a
constant velocity.

c. After 20 seconds the girl bends over her steering bar as much as ¢

can, making herself as small as possible. Explain what will happen
with her velocity (she still is not cycling!)

15

¢
12 (

g
1/
1/

0 5 10 15 20

Time (s)

Velocity (m/s)

3.5 Dutch cyclist Theo Boswas, at one momentthe fastest cyclist in
the world. In 2006 Bos clocked a stunning world record &,772
seconds over 200 m.

a. Calculate the average velocity of theo Bos in his receseétting race.

Lets presume that Bos generated around 2000 W on average during
record kreaking race.

b. Calculate the averageesistance forcehat Bos encountered during
his race.

Superfast Fred

Dutch Fred Rompelberg did
something thatwas unheard
of. In 1995 he timed an
absolute speed world record
of 13,39 seconds over 1 km.
During this race Rompelberg
made use of a windscreen on
a Fl-car, as can be seenon
the picture below. Fred
Rompelberg was 50 years of
age at the time of this record
and broke the world record on
adry salt lake in the USA.

39Rompelberg in action

Carbon

The last decades carbon has
become a muchloved material
for building racing bike frames
and other parts of the bike.
Carbon has two main
advantages:

1.1t is extremely strong for its
density, so you can build a light
and strong frame.

2. Unlike metals, carbon parts
are built using amould. This
enables the frame makers to
build frames in more exotic
forms.

3.10 Carbon tube
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*36The famous | 6Al pe d6éHuez has Anale or Dercaitane? “ncli
a. Calculate the ressting force that you would have to overcome S ¢ S

when you would try to climb that mountain. To make life easier you
may forget about air friction and rolling friction. Gravity is yourmain  joccribe the pitch of the slope

opponentduring this climb! _ _ of a road. One is to measure
b. Look up your maximum aerobic power from the fitness tests. Use  the angle of the slope with the

There are different ways to

g
e

Eq. 3.9 and make an estimate about the velogityou would develop horizon. Another common

when climbing this mountain. way is to use a percentage.

The climb of the | 8Al pe d&Huez Thepercentageisdefinedas | e n

c. How much time would it take , _differenceinaltitude. =~ t h
horizontal difference

Marco Pantani did it in 37 minutes and 35 seconds! To calculate thepercentage

out of the angle
% = tan (angle)Q0

311LiegeBastogntiege, the
famous Redoute cllmb 2(1%°)

3.7 A cyclist has to overcme three different forces during a race: the
air re5|stance the rolling friction and gravity. Technology helps the

forces and try to explain the advantages of using the following cyalin
attributes:

-

triathlon bar 22 mm super thin race tyres

closd wheel thin carbon front fork carbon streamlined frame streamlined helmet

|
il | |
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Chapter 4 Food and doping

4.1 Osmosis

ithout food, a human is able to survive up to a couple of weeks

Without water, only a couple of days. Water is essential for the
human body to function. It is the main component of all drinls we
drink, and water is also a main component of our food. Water
transportation in and out the human cells is accomplished through a
physical phenomenon callesmosis

To explain osmosis, look at image 4.1.

For osmosis to happen two things are needed:

1 Two volumes of water (or another solution) that contain
different concentrations of solvents (salts etc.)

1 A membrane that separates the two volumes of water, with
special characteristics, all water can go through, but the salts
are blocked. Such a membramis called asemipermeable
membrane

solute
molecules membrane Image 4.1

direction of water movement

What happens in such a situation is that the water molecules will
diffuse or flow from an area of low salt concentration (right in the
picture) to an area of high salt concentration across a semi
permeable membraneThis phenomenon is calledsmosis The
osmosis stops when the concentrations left and right are equal, or
when the osmoasis is opposed by an increase in the pressure in the
region of high solute concentration.

The pressure requed to preventthe passage of water through a
selectivelypermeable membrane and into a solution of greater
concentration is called theasmotic pressureof the solution, or
turgor. Whether the solute molecules are all of the same kind of
molecule orfrom different moleculesis not important at all for the
process of osmosis.

To be able to calculate the solvent concentration tMolarity
(moles/L or M) one needs two parameters:

1 The volume of solution, in litres

1 The total amount of solvents in the solutionsin moles

Turgor pressure

Most mature plant cellshave a
central vacuolewhich often
takes up more than 80% of the
cell interior. When this vacuole
is hypertonic, compared to the
intercellular solution, water will
go inside the vacuole through
osmosis, until the vacuole is full
and under pressure. he cell
wall prevents the cell from
bursting, resulting in pressure
on the cell wall from within,
also calledturgor pressure The
pressure of each cell wall
against its neighbour results in
stiffness that allows the plant to
stay upright. Cells not adapted
to hypotonic environments like
animal cells,will burst due to
the inflow of water.

4.1 Plant cell with central vacuole

Mole

The mole (or mol) is one of the
7 base Sl units and describes
the amount of substance. One
mole of a certain substance
contains 6,022141510%
molecules This number is
knownasAvogadr of6s
One mole of a substance is also
that quantity of a substance
whose mass ingramsis the
same as itatomic weight. For
instance: one mole of Carbon
12 (with an atomic weight of
12) weighs exactly 12 g.
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Example: When you have 2 L of water, with in it dissolved a total of
4 moles of glucose, the molarity of the solution is

Molarity = moles of solvent _ 4

liters of solution 2
Eq4.1

Note: When you would dissolve 4 moles of NaCl salt into two 2 L of
water, the molarity would becomeg =4 M , because the salt would

dissolve into 4 moles of Na and 4 moles of Clions in the water!

4.2 Osmosis in the human body

Why is osmosis such an important process in our human body? The
cell membranes ofall living cells have the characteristics @&
semipermeable membrane. Water can pass through unhindered, but
the solvents in it canot

The human cells in our body are surrounded by a liquid, the salled
intercellular fluid . This intercellular fluid contains a lot of salts and
other solvents. Ineraction by means of osmosis can take place
between the intercellular fluid outside the cell membrane and the cel
fluid inside the cell membrane.

(Salt is alsoa solute, and when it is concentrated inside or outside the
cell, it will draw the water in its direction.As a rule of thumb:
Salt Sucks)

There are three possibilities:

9 The intercellular solution isisotonic.Isome ans ©6t he
if the concentration of solute, or molarity, is equal on both
sides (inside and outside of the cell), there witleno net flow
of water going in our out the cells .

1 The intercellular solution ishypotonic. Hypome ans 0|
this casethe concentration of(salt) molecules outside the cell
is lower, and the molarity inside the cell is geater, water will
flow int o the cell. The cell will gain water and grow larger. In
plant cells, the central vacuoles will fill and the plant becomes
stiff and rigid, the cell wall keeps the plant from bursting. In
animal cells, the cell may be in danger of bursting, special
organeles called contractile vacuoles will pump water out of
the cell to prevent this.

1 The intercellular solution ishypertonic. Hyperme ans 6
in this case theconcentration of (salt) molecules outside the
cellis higher, which causes the water to beucked fromthe
cells to the intercellular solution. In plant cells, the central
vacuole loses water and the cells shrink. In animal cells, the
cells also shrink. In both cases, the cell may die. This is why
is dangerous to drink sea water. It is a myth thalrinking sea
water will cause you to go insane, but people shipwrecked at
sea will speed up dehydration (and death) by drinking sea
water.

Pressure (P)

Pressure is a physical quantity
that describes the force per unit
area applied on asrface in a
direction perpendicular to that
surface.

F

A
Pressure comes with the unit of
Pascal(Pa). one Paequals a
pressure of one Newton of
force per n? of surface.
Other used units:
1bar=100.000 Pa
latm. =101 325 Pa

Fish, salt or freshwater?

Most fishes release their
nitrogenous wastes as ammonia.
Some of the wastes diffuse
through the gills into the
surrounding water. Others are
removed by the kidneys.
Kidneys help fishes control the
amount of ammonia in their
bodies. Saltwater fish tend to
lose water because of osmosjs.
they arehypotonic. In saltwater
fish, the kidneys concentrate
wastes and return as much water
as possible back to the body.
The reverse happes in
freshwater fish,which are
hypertonic. They tend to gain
water continuously. The kidneys
of freshwater fish are specially
adapted to pump out large
amounts of dilute urine. Some
fishes have specially adapted
kidneys that change their
function, allowing them to move
from freshwater to saltwater.

4.2The Salmon, sadnd freshwater
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4.3 Osmosis and sports drinks

When an athlete is training or in competition, he will use a large
amount of sugarand other nutrients. By means of sweating, the
athlete will also lose a lot of water. This water loss can eventually lea
to dehydration, an unhealthy shortage of water inside the body.
When he does not replenish nutrients and water, he will eventually
not be able to perform at a high level. It is very important to eat and
drink during exercise.

Plain water is said to be good for your health. But it can actually be
toxic if consumed in large amounts. The salts in the human body (in
the intercellular soltion) will in such a case be diluted to a
dangerously low level and the intercellular solution will become
strongly hypotonic. On the other hand, a shortage of water is also
unhealthy. Symptoms of dehydration are headache, dizziness,
unconsciousness anchivery severe case deatfust plain water does
not do the trick for endurance athletes. Theliave tousesport drinks.

Sports drinks are on the market for around 35 years. The first sports
drinks consisted of water, sugars (glucose) and salts. Lategsoabther
stimulating components like taurine and caffeine were added to the
sport drinks. Depending on the molarity of the drink, sports drinks
can be divided in two categories:

1 Isotonic sports drink. This drink has a molarity that is equal
to that of the human blood (and the intercellular fluid). An
isotonic drink contains around 63 g of sugars per 100 ml of
water. The stomach and intestines are able to take up an
isotonic fluid very swiftly. An isotonic drink is ideal for
rehydration of the body. The irfuses used at the hospitals,
when someone is dehydrated and is in dire need of water, are
always isotonic.

1 Whenthere are (a lot) more sugars and other substances in t
sports drink, it is called arhypertonic sports drink. A
disadvantage is that the stomch is not able to take in a
hypertonic fluid as quickly as an isotonic fluid. The
hypertonic drink stays longer in the stomach. The advantage
lies in the fact that a hypertonic drink contains more sugars,
and thus more energy, the athlete can replenishshenergy
supplies. Hypertonic drinks are also callednergy drinks. Is
has become quite popular to add prestation enhancing
stimulants to the energy drinks (caffeine, taurine, guarana an
other herbs).

Of course you could also drink @ypotonic drink, like pure water.
Hypotonic fluids dondét stay | o
not able to take in a hypotonic fluid very swiftly. A symptom of
drinking hypotonic drinks can
hypotonic drinks is not as advardagous as drinking an isotonic or
hypertonic drink. In severe cases, drinking large quantities of
hypotonic drinks can become dangerous, as was mentioned before.

Water poisonous?

0A London hospital recently
treated a 23year-old man who
had slipped into a coma
following a drastic detox diet
which caused his brain to
swell.

The patient was found to be
suffering fromhyponatraemia,
or water intoxication , in
which levels of sodium in the
blood became dangerously
diluted.
The fruit and vegetables he was
eating did not contain enough
sodium to counter the loss of
minerals.6

Belfast Tetgaphl7 may 2005

Taurine, the myth?

Taurine was first isolated from
the bile of the ox, and this is
where its name is derived from:
the Latin word for ox, Bos
taurus.

Taurine is the most frequently
occurring free amino acid in the
human. A 70-kg humancontains
up to 70g of taurine.Taurine-
containing energy drinks are
sold with a lot of hype
suggesting that taurine is
responsible for a wide variety of
positive mental effects, but this
has, until now, never been
proved. The fact that drinks that
contain taurine sell at such a
premium is more likely due to
marketing than the intrinsic
value of the substance.

43 Taurinemolecule

0 |
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4.4 Cycling and doping e —

0The 1998 Tour de France i N puringthe 1967 Tour de e
its history. The Festina team was thrown out of the Tour after t France,the English rider Tom
team masseur Willy Voet was arrested when perfemh@anceng  Simpson collapsed during the
drugs where found in his team car. In the end, one third of all t ascent of the Mont Ventoux.

in the race either withdrew or were expelled bedagakdriid Despite mouthto-mouth
abuse. 6 resuscitation and the
administration of oxygen, plus

a helicopter airlift to a nearby

Al so 2006 becameyeaarndo twirtiho utsh ed ¢ it Siasan heat @

60oper a- i deadingto 80t names of cyclists which were using  heart stroke The combination
blood-doping, and the disqualification of the winner of the Tour de of doping, extreme heat and
France, Landis, after he was tested posie onthe use ofsynthetic alcohol were fatalto him. Two
testosterone. tubes of amphetamines and a
further empty tube were found
In sports, doping refers to the use of performaneenhancing drugs in the rear pocket of his racing

such as anabolic steroids, particularly those that are forbidden by the J€'S€Y-
organizations that regulate competitionsThe use of doping in the
sport d cycling is as old as the sport itself. Not until the dramatic
death of Tommy Simpson during the Tour de France of 1967 did this
use of stimulants rise any eyebrows. After Simpsons death also the
UCI (Union Cycliste Internationale) joined the fight agains drugs in
their sport.

But what is considered doping, when is a certain drug prohibited for
athletes ? Simply said: all drugs that are mentioned on the-called
doping list are considered doping and are illegal.

A handful of commentators maintain tha 100% prevention of doping
is an impossibility, and that all doping should be legalised. However,
most disagree with this assertion, pointing out thearmful long-term
effects of many dopingproducts.

An example: Anabolic Steroids, a popular and dangeroa drug

Steroids are drugs that have been derived from hormones. Anabolic  44Ben Johnson, caught using
Steroids are synthetic derivatives of testosterone, a natural male steroids after his victory at the 198
hormone. The hormone's anabolic effects help the bodly retaining Olympics

dietary proteins, thus aidinggrowth of muscles, bones, and skin.

Those who choose to take steroids put themselves at risk to more than
70 side effects ranging in from liver cancer to acne. They can have
both psychological and physical reactions to the steroids. The liver,
cardiovascular and reprodudte systems are most at risk for steroid
use.

Steroids used by males can cause withered testicles, sterility, and
impotence. Females risk acquiring irreversible masculine traits, breast
reduction, and sterility. The psychological effects in both sexes

include aggressive, combative behaviour and depression. Some of side
effects will not show up for years, such as heart attacks and strokes.
When used during adolescence steroids could cause arrested bone
development.
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Questions Chapter 4

% body Physiological effect
4.1 Look at the tableon the left. In summer your body can sweat up to weight lost

1,5 litresper hour. Look up your weght in the fitness results and assweat

answer the following question: 2% Less performance
a. How long could you exercise in summer before your performance

starts to decrease? 4% Capacity muscles
To prevent a decrease in performance, you may decide to drink 1,5 __ LS _
litre of water each hour that you exercise. . Heat exhaustion
b. Explain why this is not the best action that you can take. 7% hallucinations

c. What would be the best strategy when exercising in the heat of

summer? 10% Heat stroke

4.2 The average molarity of the human extra cellular and intracellular~ *°% coma

fluids is around 0,300 M, or 300 mM.

L e t Oke aspat drink by ourselves. The body needs glucose, so we

will add glucose to our drink. The body also needs a bit of salt,

especially when it is very hot. One can calculate how many grams we

would need to have one mole of glucose. When we would dissel

180,2 grams of glucose in one litre of water we would get a solution

with a molarity of exactly 1,0 M . 29,72 grams of salt in one litre of

water also leads to a molarity of 1,0 M. 4.5 Pure glucose

We take a bottle with a volume of 0,500 L. We add 20,0 grams of

glucose and 1,00 gram of satt. t/o ;'xy;:"' 73
”E’,(;mﬁy kil

a. Calculate whether this sport drink is isotonic, hypotonic or T L g

hypertonic. [[0 ‘

b. When we would like to make an isotonic sport drink with only i

glucose in it, how many grams would we have to add to our 0,50 L ﬂ,e[);lfﬂﬂ
1/

bottle?

4.6Floyd Landis, caught after th
Tour de France of 2006. 4 years
later, Landis admits that he use:
doping on a large scale during t
lag decade.
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4.3 Take alookat some different views on the doping problems in our
sports. Read them carefully, and choose 2 opinions that you agree
with, and two opinions that you disagree with. Write them down, and
also write down why you agree or disagree with these opinions. What
iS your opinion?

oDoping is damagoAg &toprathkete
athl etesd heal't hperfdmnmtietterttharaelver,iﬂﬁeuses/
that the athlete has to make, not  dopingis a logical choice, but
some doping commwt bagé

oDop

ing | ea

for the ath

ovesvaluation leads to doping 2008(he was fawd guilty)
oDoping is essentisagey contrary to

the spirit of sp

7

o

n all
dopre
or e

t
gl |
N S

r
w
S
n

350 o

a
|
0

< & T~

0
0There is nothing
done to doping, so we better allow a
ito

oProfessional &
ODoping |l eads totbeiectpeovfar mar
achievements. Without doping athletes anymore,chdoping usage
sport would be | ekl edecteagé i

0The media expecbOAtbbemeshwhoot
the athletes. The athletes have to  doping never may perform in

use doping to be able to pefformto compet i ti on, ewv
our wishesbo

0OTop at hhkwedelss ¢
OAn athl ete can Wkentaydse dopingeidswil ke y
pressure by s pon esaeier gersiaded p ese floping oo
somedayé6

Doping and youths

Is doping only used by the top
athletes of this world?

In the USA one million US
citizen already took hormone
preparations without medical
indication. Of them 700,000at
the age between 14 and 18
years!
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Research Project 1 Glicose and starch determination

You already have learntthat glucose,a common type of sugaristhe
main energy source of the cells in our body,. We obtain glucose
through digesting, or in simpler terms: eating. A high percentage of the
glucose that we onsume comes disguised as starcBtarchis a
complex carbohydrate which is insoluble in water; it is used by plants
as a way to store excess glucose. The energy that is contained in stal
is not directly available for the human cells. Our body is able thivide
the large starch molecules into the smaller glucose molecules, which
can then be transported to all cells in our body. This process takes
place in the small intestine, under influence of enzymes. It takes time
for the human body to extract glucosérom starch. Depending on the
type of starch thiscutting processcan take between 30 en 120 minutes
On the other hand, ducoseis ablefind its way into the blood streamin
no more than 6 minutes after eating or drinking it!

In this experiment you will detemine if there is glucose or starch in
six different articles of food. To demonstrate the presence of glucose
and starch in each of the foods, you will use respectively iodine and
Fehling A+B as indicators. lodine together with starch leads to a
purple-black colour. When Fehling A+B is added to glucose, the
solution will change to a brownorange colour after warming.

You will need:

16 test tubes

a solution of iodine and water
Fehling A +B
hot water bath
knife and plate
milk

sport drink
meat

banana

apple

bread

muesli bar
pasta

RPL.1Fehling A+By and
lodineZ

=4 4 -_0-0_9_9_9_-4_9a._-29_-24_--42-2
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Procedure: Glucose and starch

First you will do a test run to test the indicators. The teacher will give CH.OH
you 4 test tubes, 2 are filled with glucose, and 2 are filled with starch 2
Put some drops in atest tube with glucose, and some drdpsa test I

tube with starch. What do you see? Write down your observations. H ?_O\OH
After the iodine, you do the same with the fehling indicator. Put some /H

drops of fehling in each of the solutions and put the test tubes in a \OH H/
warm water bath for exactone minute. Write down your HO ﬁ';_(]';

observations. What is the effect of each of the two indicators? H

H H
Divide the six different articles of food over the 12 test tubeSut all RP1.2 Glucose ©
the food in very small particles and use enough of each to see the
effect cl ear |l yhthelplate dter eaChocuttipgetd t A starch molecule is far too big
prevent contamination!Add a couple of drops of Fehling A+B tothe to be digested in the human
first group of six test tubes and put the testibes in the hot water bath  intestines.Therefore, it has to be
for exactone minute. The other six test tubes will be tested for starct 2 €Ut 6 i nto smal

Add acouple of drops of the iodine solution to each of these test SUbSta.nce calledmylase Thus,
tubes. starch is reduced to glucose and

maltose (another type of sugar).
Results: RP1.3 Starch

Present your results in a cleaable. Can you also make an estimation

of the amount of glucose and starch in the different tubes? If so, alsc

work out these data in your tableAnswer the following questions:

- which of the tested articles of food are useful to consume during
sport activities? And why?

- Which of the tested articles are better consumed after, or well
before, the sport activities? And why?

- Which articles are not thatuseful for an athlete? And why?
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Research Project 2 Measuring yourheart beat

During each heart beatn electric current propagates through the
human heart. It is possible to measurhese electric signals. One way
is to make an electro cardiogram or €G. In this research project you
will make an ECG of your own heart, and determine your heart rate
in rest and during activity. What differences can you detect between
these two ECGO6s?

You will need:

RP2.1Coachlab Il panel
1 ECG analyser with sensors 1 PC with IPCoach ,
1 CMA light sensor 1 ECG gel R e
1 Coachlab I panel 1 Home trainer (optional!)
Procedure:

The test setup is prepared for you by the teacher or an assistant. The
test person has to sit on a chair. The two sensors are placed and
fastened on his wrists. Use ECG gel to make agd contact between
sensor and wrist.

Coachlab panel

L __n_n; - Light sensor
_‘___4-“' < fo : - T
@ ———— S %
s 5w .- ECG measurement
' = 3 ~ Electrocardiography (ECG)
o0 measures, over time, the
———— T e electrical activity of the heart.
— __ Wristsensors__ ., -o-:;fz = ghpf BZTOIOQ% oféhe vl\iolrd its
e VT s AN —— erived from the Greekelectrp
I ;—‘.'.',5.‘. 1)3:{ 1 998 == because it is related to electrical
N A —_—— activity, cardiq Greek for heart,
o \ = ECG and graph a Greek root
LR o S meaning "to write".
| > i — The ECG works mostly by
The test set up detecting and amplifying the
tiny electrical changes on the
Now you are ready to make aeadout of the heart beat of the test skin (by using skin electrodes)

that are caused when the heart
muscle "depolarises" during

al ! each heart beat.
Let the test person do some hard activity. Running up and down the RP1 7 ECG test

stairs, doing a number of deep knee bends or doing a sprint on a
home trainer. Immediately after the workout, do a second ECG
reading of the test person.

person. Save the readut in Excel, so that you can analyse it later.

All three students in the grou

Results:

Detemine the heart rates, usig the excel readings, in rest and after ¢
work-o u't . Present the ECG&ds of al
examine the shape of the ECGG&s
t he ECGds? What are the differ
after activity?























































