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Introduction:
A force is a strength or energy applied to an object resulting in physical action or
motion. The sport of soccer is subject to many forces. The main element of the sport
exposed to these forces is the ball. The main force that the ball experiences is that from
a foot kicking it. Newton's first law of motion predicts the behaviour of objects when all
forces are balanced. This law is also known as the law of inertia. It states that if the
forces acting upon an object are balanced, then the acceleration of that object will be 0
m/s/s. This is also known as equilibrium. It can be assumed that objects at equilibrium
will not accelerate e.g. a soccer ball at rest.

Figure 1: Flow Chart showing Newton’s 1st Law of Motion

Newton's second law of motion explains the behaviour of an object once a force is
applied to it. I.e. not at equilibrium. This law states that the acceleration of an object is
dependent upon two variables - the net force acting on the object (e.g. wind resistance,
the kick of a ball, friction of the ball on a surface) and the mass of the object. The
acceleration of an object depends on the total force acting on the object, and inversely
on the mass of the object. As the force acting upon an object is increased, the
acceleration of the object is increased. As the mass of an object is increased, the
acceleration of the object is decreased.

Figure 2: Flow Chart showing Newton’s 2nd Law of Motion
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Friction is the force that holds back the movement of a sliding object. Friction can be
found in soccer when a ball comes in contact with a different surface. The force acts in
the opposite direction to the way a ball wants to slide. A ball rolling will slowly come to a
stop because of the friction between the polyester material and the grass. Although
many experiments have studied the actions of friction on a soccer ball, there is a gap in
the literature when testing the impact of the weather and different surfaces on the
friction and speed of a soccer ball.

This experiment will attempt to close these gaps by discovering if the weather effects
the acceleration and force of a certified soccer ball on both grass and synthetic fields.
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Planning:
Literature Review:
An experiment conducted by Rod Cross investigated the increase of friction with a
sliding speed. Rod Cross’ objective of his experiment was to increase the friction force
of an object by altering the sliding speed. He did this by taking a tennis ball’s “Ball
Cloth” and laying it on the bottom face of the weighted block. Cross found an increase
in the coefficient of friction (COF) through his measurements which led to a slower
speed. He was using a constant horizontal force. This idea will be employed in my
investigation as it highlights the principle of friction in a perfect way. My experiment
uses 3 different soccer balls instead of 1 block, so I am varying the object to test the
aim & hopefully provide results not currently available. Cross’ paper shows that the
block maintains constant terminal speed for the duration of its slide. This provided
important information that will help to find the best playing fields for different sized
soccer balls using the principle of friction & velocity. Cross’ results will prove a useful
comparison for my results thus allowing analysis of the properties of friction from
different surfaces.
Steve Spangler performed an experiment about the effect of surface texture. The
objective was to find out whether the texture of a surface will affect the distance rolled
by a marble, and if so, which ramp surface will cause the marble to roll the furthest.
Steve Spangler did this by taking strips of different textures such as wood, wax paper
and paper towel and rolling a marble on it, then marking the distance of 3 rolls. Then he
averaged the rolls and found which texture makes the marble roll the furthest. This
apparatus used kinetic and potential energy. The friction on the marble and the surface
is rolling friction. In my experiment, my ball will encounter rolling friction like Spangler’s
experiment. Unlike Spangler, I will be changing the soccer ball size, 3, 4, and 5. This
will improve the experiment because we are testing the friction from 3 different sized
balls whereas he kept the marble constant. This will give an insight on a different type
of investigation & potentially different results not tested by Spangler before.
In his experiment, the apparatus has potential and kinetic energy. My apparatus also
use potential and kinetic energy. This provided helpful information that will help us to
find the most appropriate playing fields with their texture, as well as considering the
weather for the games. This will be repeated in my experiment.
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Purpose & Aims:
The aim of this experiment is to investigate if the force, acceleration and distance of a
roll of a certified soccer ball is effected by the surface texture and the weather. The
purpose of the experiment is to understand the mechanisms and principles of friction,
acceleration, air and wind resistance, force, and other types of friction or forces. This
will further help find the best playing field’s weather and what texture.
Hypothesis:
The smaller ball will roll with the greatest acceleration as it will encounter less mass and
air resistance, making the size 3 soccer ball accelerate the fastest. All sized balls will
also accelerate the fastest on dry grass as they will not be wet and have less mass. The
dry size 5 ball will roll the furthest because it has the greatest surface area, making it
heavier. The larger ball, the size 5, will have the greatest force on wet surfaces as it will
be even heavier than on the dry surface.
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Materials and Methods1:
Materials
The materials I have used for my investigation are:
 Size 3 Certified Soccer Ball
 Size 4 Certified Soccer Ball
 Size 5 Certified Soccer Ball
 Plaster wood (1) (2) (3)
 WORKZONE Electric Screwdriver
 Screws
 Electronic Speedometer
 WORKZONE Saw
 Watering Can & Water
 WORKZONE Architect Protractor
 Tape measure
Method: Building Ramp
In order to maintain a constant rolling angle and method, a ramp was constructed. This
was done to control unwanted variables and improve accuracy in the experiment.
 Gather Materials.
 Measure angle on 2 Timber slats and cut it at 45o.
 Screw a slat to the other slat cut at 45o. Make sure the Timber slats can still
move.
 Repeat the previous step once, but with the piece with the 45o slope on the other
side.
 Pick up 3 slats, 2 slightly bigger than 1 and attach the smaller on the inner slats
and the other 2 on the outer slats.
 Pull the outer slat closest to the 45o cut upwards, and sit at a 90o angle. This will
be holding up the ramp.
 Attach two small Timber slats onto the back of the wooden board. The little
blocks will stop the wooden ball, where the ball will be running on, stable and
unable to fall.
1

See Appendix 1 for Pictures of Materials, Apparatus and methods.
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 Place the stoppers above the holders top bar and you are ready to go!
Finding The Pitches:
Here is how to find the pitches you need.
 Google your nearest field, normal grass & synthetic grass. (My nearest of both
pitches are Kareela Oval [Both] and Buckle Reserve [Normal] )
 Go to the field on the correct day with the weather.
Releasing The Ball:
Here is how to release the ball.
 Hold the ball’s edge in line with the screws you used to hold the stoppers in
place.
 Hold the ball on the sides.
 Release with no force upon the ball, spreading arms, letting gravity do the work.
 Record data from speedometer.
 Measure rolling distance once it stops with tape measure and record.
 Repeat three times with each size ball on and record.
 Wet normal grass surface with watering can and repeat steps.
 Wet synthetic grass surface with watering can and repeat steps.
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Results2:
Dry Land Tests (Figure 1, Appendix 2)
The size 3 ball with a mass of 0.30 kg travelled an average distance of 6.34 meters on
dry land, with an average velocity of 2.03 meters per second (m/s). This ball also had
an average acceleration of 0.33 m/s2. The average net force was 0.1 Newtons (N).
The size 4 ball with a mass of 0.35 kg travelled an average distance of 7.21 meters on
the dry land, with an average velocity of 2.41 m/s. This ball also had an average
acceleration of 0.40 m/s2. The average net force was 0.14 N.
The size 5 ball with a mass of 0.42 kg travelled an average distance of 7.61 meters on
the dry land, with an average velocity of 3.05 m/s. This ball also had an average
acceleration of 0.61 m/s2. The average net force was 0.26 N.
Synthetic Rain Tests (Figure 3, Appendix 2)
The size 3 ball with a mass of 0.31 kg travelled an average distance of 5.16 meters on
wet synthetic grass, with an average velocity of 2.08 m/s. This ball also had an average
acceleration of 0.42 m/s2. The average net force was 0.13 N.
The size 4 ball with a mass of 0.38 kg travelled an average distance of 6.83 meters on
the wet synthetic grass, with an average velocity of 2.41 m/s. This ball also had an
average acceleration of 0.42 m/s2. The average net force was 0.13 N.
The size 5 ball with a mass of 0.43 kg travelled an average distance of 6.90 meters on
the wet synthetic pitch, with an average velocity of 3.06 m/s. This ball also had an
average acceleration of 0.68 m/s2. The average net force was 0.29 N.
Normal Grass Rain Tests (Figure 2, Appendix 2)
The size 3 ball with a mass of 0.31 kg travelled an average distance of 4.50 meters on
normal wet grass, with an average velocity of 2.31 m/s. This ball also had an average
acceleration of 0.61 m/s2. The average net force was 0.19 N.
The size 4 ball with a mass of 0.38 kg travelled an average distance of 6.47 meters on
the normal wet grass, with an average velocity of 2.96 m/s. This ball also had an
average acceleration of 0.68 m/s2. The average net force was 0.26 N.

2

All Tables and calculations can be found in the appendices of this paper.
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The size 5 ball with a mass of 0.43 kg travelled an average distance of 6.69 meters on
the normal wet grass, with an average velocity of 3.43 m/s. This ball also had an
average acceleration of 0.88 m/s2. The average net force was 0.38 N.
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Discussion:
When a ball is at rest the only force applied on it is static friction. This is the friction
(force that resists relative motion) that exists between a stationary object and the
surface on which it is resting. When this occurs, there is no pushing or pulling force, the
forces are balanced, thus no acceleration is seen. This shows that a soccer ball at rest
follows Newton’s first law of motion.
Newton’s second law of motion can be stated as ‘the acceleration of an object as
produced by a net force is directly proportional to the magnitude of the net force, in the
same direction as the net force, and inversely proportional to the mass of the object’ A
soccer ball rolling from an inclined plane under the influence of the force of gravity
follows this principle as the force of the ball is no longer balanced. This statement can
be expressed in mathematical formulae as;
𝑎=

𝐹𝑛𝑒𝑡
𝑚

This is often rearranged to
𝐹𝑛𝑒𝑡 = 𝑚𝑎
This shows that the net force is a result of the product of mass and acceleration. It also
suggests that net force is directly proportional to mass and acceleration. The results for
this investigation show that the size 3 ball had the least amount of force due to the ball
having the least mass (0.30kg dry, 0.31 kg wet), causing the acceleration to decrease
as well. The size 4 had medium speed due to average mass and acceleration (0.35kg
Dry, 0.38kg wet). The size 5 ball had the greatest force as a result of the largest mass
(0.42kg dry, 0.43kg wet).
In the rain, on both surfaces, it was seen that ball moved faster (higher velocity). It was
also seen that after calculations, that they all had a higher acceleration. It was
observed originally that the ball, of all sizes, increased in mass after it was wet.
Because of the directly proportional relationship of mass and acceleration to force, it is
valid that the average force increased as average acceleration and mass increased
under wet conditions.
On the synthetic and normal grass in the rain, the acceleration of the ball increased
because the water generated less friction on the ground. This can be explained by the
principle of fluid friction. When the ground is wet, friction is still there, but the water
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makes the surface smoother and the friction a lot less. Less friction is a direct result for
higher acceleration of the ball because less friction makes it harder to stop. What is
interesting however, is that the average distance was higher on normal dry grass than
on wet normal and synthetic grass. This could be due to the wind in the outdoor
environment. The ball also encountered less friction in the wet, which is why the ball
travelled further. Since friction is acting against the direction of its movement as well as
acting against the forward momentum of the ball it is encountering less friction, thus it
travelled further. This should be investigated further in future to gain a stronger
understanding.
In terms of distance and acceleration, all ball sizes accelerated less and rolled further
on the wet synthetic grass. In comparison, all sized balls accelerated more and rolled
less of a distance on the wet normal grass. The principle that can explain this
phenomenon is the role that acceleration plays on distance. On both surfaces, the ball
mass stays constant. This means that the dependent variable is acceleration.
Acceleration is inversely proportional to distance, as seen in

𝑣𝑓2 −𝑣𝑖2
2𝑑

= 𝑎. This explains

how on the wet synthetic grass, the acceleration can decrease, but distance can
increase and on the wet normal grass, the acceleration can increase, but distance can
decrease.
But what role does force play in the results? The trends show that the net force is
higher on wet normal grass than on wet synthetic grass. The principle that explains this
is the Coefficient of friction. The coefficient of friction is a number which represents the
friction between two surfaces. Between two equal surfaces, the coefficient of friction will
be the same. It has already been explained that normal force is directly proportional to
the product of mass and acceleration (F=ma), so as mass is a constant, when
acceleration increases, net force increases. This effects the coefficient of friction. The
maximum frictional force (when a body is sliding or is in limiting equilibrium) is equal to
the coefficient of friction × the normal reaction force. The formula that expresses this is;
F = µR

Where F is the maximum friction force, µ is the coefficient of friction and R is the net
normal reaction force.
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As Frictional force is directly proportional to the product of the coefficient of friction and
net normal force, we can say that as net normal force increases (Wet normal grass,
calculated by F=ma, See Appendix for methods), the frictional force will increase and as
the net normal force decreases (Wet Synthetic grass calculated by F=ma, See
Appendix for methods) the frictional force will decrease. This can lead to the inference
that the coefficient of friction between polyester and the wet synthetic grass will be
lower than polyester and the wet normal grass.

This is because frictional force, will act parallel to the surfaces in contact and in a
direction to oppose the motion that is taking/ trying to take place. This explains why the
ball accelerates more on wet normal grass and less on the synthetic wet pitch (net
normal force directly proportional to acceleration) but moves more of a distance on the
wet synthetic pitch and less on the wet normal grass (Distance inversely proportional to
acceleration).

It is important to note that the net force of the ball is the addition of all forces on the ball.
These include gravity, the force of the kick on the ball, fluid friction and air resistance. In
an attempt to control the force behind the ball and keep it constant, the ramp designed
assisted in this making the experiment more accurate. Unfortunately, due to the
experiment taking place outdoors, air resistance could not be avoided. However, it was
avoided as much as possible by keeping the ball only rolling using the ramp. If the ball
took flight in the air, air resistance would have been more evident. To completely control
this variable, the experiment could have taken place indoors, i.e. an indoor synthetic
pitch and indoor normal grass pitch, however, this was not accessible for this
experiment so could not be controlled.
For each surface, each ball was tested three times and showed consistent results. This
suggests the experiment and its results are reliable. The aim was tested by using this
method thus this experiment can be called valid also.
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Conclusion:
The hypothesis stated that the smallest ball would roll with the greatest acceleration. It
also stated that all sized balls would accelerate more on dry grass than on any wet
surface. This was proven incorrect by the results which stated the size 5 ball moved
with greater acceleration on wet grass. This suggests that the weather does affect the
acceleration of a certified soccer ball. It was also hypothesised that the dry size 5 ball
would roll further. This was proven correct by the results. This suggests that weather
not only affects acceleration but also rolling distance. It was also suggested that the
ball would have the greatest net force on the wet surfaces due to a larger mass. This
was proven correct by the investigation suggesting that the weather affects the total net
force of a certified soccer ball and its relationship with distance and acceleration.
The testing was fair as it was validated by testing the aim and reliable due to
consistency among the repeated methods. There was no issues with this experiment
besides the wind resistance factor which was unavoidable. This could be improved by
conducting the tests on indoor pitches.
This study could be used by sports scientists to help select the right surface for
important soccer tournaments to get the ball accelerating fastest. An interesting future
study might involve the air pressure in the ball and material of the ball when rolled on
different surfaces in different climates
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Appendix 1: Images of Ramp and Methods

Figure 2: Construction of ramp
Figure 1: Materials used to construct ramp

Figure 3: Rear view of constructed ramp
Figure 4: Side view of constructed ramp

Figure 6: Synthetic grass surface &
Speedometer

Figure 5: Dry Grass Surface
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Figure 8: Size 4 certified soccer ball.

Figure 7: Size 3 certified soccer ball.

Figure 10: Ramp apparatus and
speedometer on dry grass.

Figure 9: Size 5 certified soccer ball.

Figure 11: Ramp apparatus and speedometer on
synthetic grass.

Figure 12: Measuring rolling distance of ball.
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Figure 13: Wetting normal grass

Figure 14: Wetting synthetic grass.
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Appendix 2: Calculations
Final Velocity Unit Conversion

Final Velocity (km/h)
= Final Velocity (m/s)
𝟑. 𝟔
Example - Size 3 Ball on Dry Grass Test 1

7 (km/h)
= 1.94 m/s (2 Decimal Places)
𝟑. 𝟔
Kinematic Equation Rearrangement

𝑣𝑓2 = 𝑣𝑖2 + 2𝑎𝑑
𝑣𝑓2 − 𝑣𝑖2 = 2𝑎𝑑
𝑣𝑓2 − 𝑣𝑖2
=𝑎
2𝑑
Where:
vi = Initial Velocity (m/s)
vf = Final Velocity (m/s)
d = displacement (m)
a= acceleration (m/s2)

Using Rearranged Kinematic Equation to Calculate Acceleration

𝑣𝑓2 − 𝑣𝑖2
=𝑎
2𝑑
Example – Size 3 Ball on Normal wet grass Test 1

1.942 −02
2 𝑥 4.75𝑚

= 0.40 𝑚/𝑠 2 (2 decimal places)
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Where:
vi = Initial Velocity (m/s)
vf = Final Velocity (m/s)
d = displacement (m)
a= acceleration (m/s2)

Calculating Averages

∑ 𝐴𝑙𝑙 𝑛𝑢𝑚𝑏𝑒𝑟𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑑𝑎𝑡𝑎 𝑠𝑒𝑡
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑒𝑠𝑢𝑙𝑡𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑑𝑎𝑡𝑎 𝑠𝑒𝑡
Example – Average Force of Size 5 Ball on Wet Synthetic

0.28𝑁 + 0.29𝑁 + 0.30𝑁
= 0.29 𝑁 (2 𝑑𝑒𝑐𝑖𝑚𝑎𝑙 𝑝𝑙𝑎𝑐𝑒𝑠)
3
Rearranging Force Equation

𝑎=

𝐹𝑛𝑒𝑡
𝑚

𝐹𝑛𝑒𝑡 = 𝑚𝑎
Where:
F = net force
m = mass (kg)
a = Acelleration (m/s2)
Calculating Force

𝐹𝑛𝑒𝑡 = 𝑚𝑎
Example – Size 3 Ball on Dry Grass Test 2

𝐹𝑛𝑒𝑡 = 𝑚𝑎
0.30 𝑘𝑔 𝑥 0.39 𝑚/𝑠 2 = 0.12 𝑁 (2 𝑑𝑒𝑐𝑖𝑚𝑎𝑙 𝑝𝑙𝑎𝑐𝑒𝑠)
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Appendix 3: Figures

Dry
Grass
Tests

Ball
Size

Ball
Mass
(kg)

Final
Velocity
(km/h)

Final
Velocity
(m/s)

Distance
(m)

Test 1
Test 2
Test 3

3.00
3.00
3.00

0.30
0.30
0.30

7.00
8.00
7.00

1.94
2.22
1.94

6.10
6.31
6.61

Average
Distance
(m)

4.00
4.00
4.00

0.35
0.35
0.35

9.00
9.00
8.00

2.50
2.50
2.22

5.00
5.00
5.00

0.42
0.42
0.42

11.00
11.00
11.00

3.05
3.05
3.05

2.03

7.43
6.90
7.29

Average
Acceleration
(m/s2)

3.05

0.10
0.15
0.16
0.12

0.40
0.59
0.61
0.64

7.61

Total
Average
Force (N)

0.33

2.41

7.90
7.62
7.32

Total
Force
(N)
0.09
0.12
0.09

0.42
0.45
0.34
7.21

Test 1
Test 2
Test 3

Acceleration
(m/s2)
0.31
0.39
0.28

6.34
Test 1
Test 2
Test 3

Average
Velocity
(m/s)

0.14
0.25
0.26
0.27

0.61

Figure 1: The mass, velocity, distance, acceleration and force of a size 3, 4 and 5 certified soccer ball when rolled on dry
grass.
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Normal Grass
Ball
Ball
Size
Mass
(kg)

Final
Velocity
(km/h)

Final
Velocity
(m/s)

Distance
(m)

Test 1
Test 2
Test 3

3.00
3.00
3.00

0.31
0.31
0.31

7.00
9.00
9.00

1.94
2.50
2.50

4.75
4.47
4.27

Test 1
Test 2
Test 3

4.00
4.00
4.00

0.38
0.38
0.38

11.00
11.00
10.00

3.06
3.06
2.78

6.24
6.69
6.49

Test 1
Test 2
Test 3

5.00
5.00
5.00

0.43
0.43
0.43

12.00
13.00
12.00

3.33
3.61
3.33

6.73
6.75
6.59

Average
Distance
(m)

Average
Velocity
(m/s)

Acceleration
(m/s2)

Average
Acceleration
(m/s2)

0.40
0.70
0.73
4.50

2.31

0.61

2.96

3.43

0.19
0.28
0.27
0.23

0.68
0.83
0.97
0.84

6.69

Total
Average
Force (N)

0.12
0.22
0.23

0.75
0.70
0.59
6.47

Total
Force
(N)

0.26
0.35
0.42
0.36

0.88

Figure 2: The mass, velocity, distance, acceleration and force of a size 3, 4 and 5 certified soccer ball when rolled on wet
normal grass.
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Synthetic

Tests

Ball Size

Ball
Mass
(kg)

Final
Velocity
(km/h)

Final
Velocity
(m/s)

Distance
(m)

Test 1
Test 2
Test 3

3.00
3.00
3.00

0.31
0.31
0.31

7.00
8.00
7.50

1.94
2.22
2.08

5.00
5.31
5.18

Test 1
Test 2
Test 3

4.00
4.00
4.00

0.38
0.38
0.38

9.00
9.00
8.00

2.50
2.50
2.22

6.89
6.78
6.83

Average
Distance
(m)

0.43
0.43
0.43

11.00
11.00
11.00

3.06
3.06
3.06

Average
Acceleration
(m/s2)

2.08

0.42

2.41

6.87
7.09
6.75
3.06

0.13

0.43

0.16
0.29
0.28
0.30

0.68

Figure 3: The mass, velocity, distance, acceleration and force of a size 3, 4 and 5 certified soccer ball when rolled on wet
synthetic grass.
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Total
Average
Force (N)

0.17
0.18
0.14

0.68
0.66
0.69
6.90

Total
Force
(N)
0.12
0.14
0.13

0.45
0.46
0.36
6.83

5.00
5.00
5.00

Acceleration
(m/s2)
0.38
0.46
0.42

5.16

Test 1
Test 2
Test 3

Average
Velocity
(m/s)
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