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Abstract

The essay will study as well as explain the effects of spin or circular motion of an object
on the trajectory and the ultimate landing of the object. The experiment will provide a
explanation of the relationship between the spin (seconds per revolution) and the distance travels
from the control from the experiment. In which we had a subject kick one hundred times, with
fifty being control kicks and fifty being the experiment kicks. We measured how far away the
ball deviated from the straight line where the ball was placed. By determining how far the ball
deviated from the straight line we can determine the effect of spin. The control will off course
deviate from the straight line even thought it will be kicked with no spin because of the wind
gusts and other uncontrollable factors. By comparing the results of the control and experimental
kicks we could possibility find some sort of relationship between spin and the motion of the ball.
As well as graphing the result in a grid that will show the trajectory of the ball. In addition the
research of scientific concepts of the Magnus effect, and the Coanda Effect has provided
reasonable explanation for the effects of circular motion on the motion of the object. Such as
they reveal that the air flow and the resistance to the air flow depending on the spin causes the
object to go off course.

Word Count: 257
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1. Introduction

1.1Backeround Information

In many sports that utilize a circular object for scoring and points, there are many
techniques and ways people manipulate the circular object to gain an advantage over the
opponent. Mainly, for these sorts of sports they use spin as a way to manipulate the ball. The
effect has been noted to be vital in a majority of sports that involves circular objects such as
football, basketball, tennis, baseball and many more. The mastery of this concept of spin to a
circular object is essential for teams in these sorts of sports because in a way it gives them an
advantage over the other teams in their sports. Such as the use of backspin on basketballs to give
them a better chance to bounce in and tennis to cause trick the opponent. Finally a spin on a
soccer ball can enable a person to make a goal that someone normally can’t make with a straight
kick. Which makes it sound like spin can have such a profound effect in the movement of the
object that it could actually utilized. As well as being reliable and controlled, that it could have a
major effect for the outcome of the match. That brings up the statement of whether or not spin
has enough of an effect on the trajectory of a circular object that it could reveal the reasoning of
such emphasis on the technique.

1.2 Objective

This essay is supposed to determine whether or not the spin’s effect on the motion of the
circular object has a profound effect or a marginal effect. The topic and experiment seems
relatively simple because it just involved someone kicking a soccer ball hundred times with the
change of technique every 50 kicks to make the ball spin. Then from the videos of the soccer
ball, data will be taken from the video about the times; calculations must be made for every

single kick to find the rotation of the soccer ball. This will be then compared to control sets and



to be determined whether or not the spin actually has a profound effect on the path and landing

of'the soccer ball. As well as determining if the ball rotates fast would have a different effect

than rotating slower.

2. Equipment Used

- Two Video Cameras
- A Standard Size 5 Soccer Ball
- A Meter Stick
- Measuring Tape
- Measuring Wheel
Three Color Tape

3. Experiment Procedures

1.) Set up the equipment on the blacktop outside or inside with plenty of space, also sct
up a grid with the help of the measuring tape marking every {ive meters.

2.) Make sure the two cameras are pointed at the soccer ball at different angles from one
side and one from the front, while keeping in view the meter stick to help us read the
distance when we plug in the video to some software that slows down the video.

3.) Also make sure to wrap the soccer ball with the different color tape horizontally,
vertically, and diagonally. This is to help with determining the rotational speed of the
object by marking how fast it makes one full rotation.

4.) The subject will kick the ball 50 times regularly straight without any sort of spin. We
will measure the distance travels, mark it on the gird and this is will be the control. As

well as how much it deviates from a straight path.



5.) Then the person will kick the ball 50 more times but with a spin we will measure its

distance and mark it on the grid and how much it deviates from a straight path.

6.) The subject will not kick the ball in increments of 50, instead it will be kicking in

increments of 25 and alternating between control and spin kicks. This is to account

for possible changes in wind speed, temperature, and humidity. If it is happening

inside, the increments of 25 does not matter and will be based upon the scientist

working on the experiment.

7.) Finally we will remove the tape on the blacktop and clean up

4. Variables

Here is a variable table for the experiment.

Independent Variable

Dependent Variable

Relevant Fixed Variables

Experiment

The Spin of the Object

Distance deviated
from the straight line

Wind Speed, Air
Temperature, Mass of the
Soccer Ball, The kicker

4.1 Controlling Fix Variables

Wind Speed- I just checked the weather services to see the wind gusts and wind speeds for

days. | picked two day with the lowest and same wind speeds and gusts. It was vital to keep

the wind speed because this has direct relationship with the dependent variable. If the

wind speeds was to pick up, the distance deviated by the ball increases. Also I staggered the

trials so instead of doing fifty trials of control then fifty trials of spin, I broke it up into four

sets of twenty five kick. So I did twenty five kicks of control, then twenty five experimental

kicks. Just in case if there was any changes in wind speed.




Air Temperature- The temperature of the air has been known to have effects on objects
that contain air in them. To combat this, I spread out the experiment to tv:/o days. Also |
made sure the experiment started on the same time each day because each passing hour
the sun rises or lowers changing the air temperature. The temperature has a direct
relationship with the psiin the ball, with an lower outside temperature the ball will have a
lower psi or with an high outside temperature there will be a high psi. The psi changes
ultimately changes how the ball flies and its trajectory. As well as how the ball reacts when

it gets kicked.

Mass of soccer ball- I brought a scale and an air pump to the experiment site. So I would
weigh the soccer ball every ten kicks because I know with every kick the psi of the
decrease. That in then changes how the ball reacts in the air. Thus we had to keep the same

amount of psi in the soccer ball to keep the ball controlled as much as possible.

The kicker- The persén kicking the ball is the human component of this experiment, so it is
very important that we should control this variable. Such as the power of the kicks from the
kicker, if we have the kicker kick with full strength, the data might be very clear, but the
kicker won’t be able to keep that same power for one hundred kicks. So I had him kick with
moderate to week power because I wanted to have every kick constant so we could
compare the data equally. Also that is why I had the experiment last two days because
kicking a ball one hundred times can be tiring. Also before each day we had two practice
kick, so from the first day’s practice kick’s distances so we tried to match up to those

practice kick’s so we could obtain the same amount of power for both days.



5. Research

There are multiple things affecting the flight of the ball, from the wind pushing it or just
the temperature outside effecting how the ball reacts while in the air. Especially let us focus on
the effects that involve spin because the other affects should have had controlled because the
effects would be the same for the two different sets of data were taken in the same environment

and conditions. The effects affecting the trajectory related to spin would be the drag, Coanda

Eftect, and the Magnus Effect.

The balls used in sports aren’t perfectly round balls; there is always some sort of
imperfection which causes drag in the ball. For example the stitches in a baseball or there is not
enough air in the soccer ball to make it into a perfect sphere. By having the object rotate more, it
allows the imperfection to have more of an effect on the flight of the object. Also we can see
how much the surface of the ball matters in determining the drag!. Thus a rapidly rotating ball
will have more drag than a slower rotating ball so the ball should slow down less. But actually

the increase in drag caused by spin does slow the ball down but not enough to have a major

effective®.

The Coanda effect explains the air’s tendency to follow the surface of the object, but
when spin is introduced it causes one side to be accelerating faster than the other side. That

ultimately causes the ball to curve more toward the side with the lowest acceleration. For

! Look at figure 1 in the appendix provided by Adair, Robert K; notice how the differences in the drag
coefficient between how spin affects different types of surfaces, rough and smooth.

2 Adair, Robert K did an experiment similar to mine, but used baseball instead of a soccer ball. He noticed that the
drag created by the spin only affected the ball in a minor way, saying that across home plate it only slowed down the
ball by .2 meters per second.



example, if side A was going with the air then the acceleration will be higher than side B that

would be going against the air. Thus the ball will curve more towards side B.

The Magnus etffect, founded by Gustav Magnus, noted for its tremendous lift force has
the ability to alter and curve the path of a ball. It can be applied to any circular object that could
be kicked or thrown as long as it has a given spin. The Magnus efféct is just a forced caused by
an imbalance of the drag forces. There is an imbalance because one side of the ball is colliding
with the air causes there to be a deceleration on that side, thus creating an area of high pressure.
While the other side is going in the same direction with the air s;) it doesn’t decelerated. The
difference in pressures causes the ball to be affected by another force that flows from the high
pressure to the low pressure’. The force is perpendicular to the direction of motion. There is no
restriction on where the resulting force can be pointed at, it could provide it lift by the resulting
force pointed upwards or down, or left to right. Unlike drag, this does have a major effect
because during the 2010 FIFA World Cup, there were complaints by the players about how the
match ball was different from a regular soccer ball. They were able to notice how the ball did not
fly regularly when they kicked it with a spin. The players were correct because the shape of the

ball was actually slightly altered and the players were to tell the slight alteration.

6. Data Analysis

[ took the data from the experiment and looked at the deviations for the control and the
experiment and took their averages. There scems to be a correlation between the spin and the

amount of distance deviated. First off is it is clear that the difference between kicking it with spin

3 Look at figure 2 also provided by Adair, Robert K; displaying the diagram of the Magnus effect when comparing
between a non-spinning ball and a spinning ball.



than kicking it without spin because the meters the ball deviated from a straight path between the
two had a substantial difference. The average deviation for no spin was 1.38 meters and the
average deviation for spin was 6 meters, so they had a difference of 4.52 meters’. So it is clear

that there is an increase in deviations as the ball rotates quicker.

Let’s look at the spin date itself. When I plotted the data with the spin, measured in
seconds per revolution, against amount deviated, there appears to be some sort of negative
relationship because as the ball rotated faster the amount deviated increased’. Though the data
might be scattered slightly, the overall pattern is that the more time it takes to complete a

revolution the ball will deviate and curve less.

7. Possible Errors and Uncertainty

With any experiment, there will be error. Though the error might be difficult to constrain
because there will be forces that I cannot control such as temperature, pressure, and wind. I will
try to constrain by trying to have the experiment take place indoors, or outside during a calm
day. I would have wanted to do the experiment indoors because then I would have had direct
control over the factors like temperature, pressure, and wind. But due to gym policy they
wouldn’t let just a student privately rent out a space for a couple hours. In addition, I didn’t want
any sort of interference whiling running my experiment so I decided on doing the experiment
outside. As well as [ try to alternate between sets of controls and sets of the actual experiment so

if there is actually any changes the changes will affect both sets and not just one.

*Reference to figure 3, the data table from the experiment and the average is at the bottom of the table.
Notice the major difference in the averages

SReference to figure 5, the displayed data of spin against the amount deviated. Please note, the relative
negative relationship that as the spin rate slows down the less the ball deviates.



In addition, since I am using a human subject to kick there will be the human error
because there is no way he is able to kick the soccer ball with the same power and speed. As well
as he can’t kick the soccer ball at the same angle but hopefully since we have fifty soccer kicks
that will be enough to make a stable data set. Also for the measurements for the revolutions per
second for the soccer ball might be a bit off since I will be using loggerpro. Though it allows me
to slow down the video, it only allows me to slow it down to sections so sometimes I might over
shoot or under shoot the full rotation. Thus I will be giving the an error of +/- or .003 seconds for

the revolutions

8. Conclusion

There is a moderate relationship between spin and the curve of the ball, as the rate of spin
increases the more the ball deviates. Hopefully the next time you kick a soccer ball or hit a tennis
ball you will see that there are things at work other than air resistance and force. That you see
that you actually have more control over the object than you knew before and that with practice

you can refine and master it. This concept doesn’t have to necessary be applied to only sports.

10
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