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Abstract
The spin of a soccer ball is caused by kicking
the ball off center. If kicked with a force acting
through the center of mass, it will have no spin.
If kicked with a force off center, then it will spin
about an axis through its center of mass. In this
experiment, a soccer ball was kicked with back-
spin, and its motion was recorded with high-
speed video at 1200 fames per second. The linear
motion of the center of mass and rotational mo-
tion about the center of mass were analyzed with
Tracker software to determine how far off center
the ball was kicked. With this technique, the mo-
ment arm was measured to be 7.1 ± 0.1 cm. To
verify this result, the moment arm was indepen-
dently measured to be 7.5± 0.5 cm by measuring
the angle between the point of impact of the foot
on the ball and the force. These measurements of
the moment arm were consistent within uncer-
tainty.

Background
Center of Mass Motion
Newton’s Second Law (~Fnet. ave = m∆~v

∆t) is applied
to the center of mass of the ball in order to calcu-
late the force by the foot:

~Ffoot = m
∆~v

∆t
− ~Fgrav (1)

Rotational Motion About the Center of Mass
The torque on the ball by the foot about the center
of mass is:

τfoot = ICM
∆ω

∆t
(2)

where ICM = 2
3mR

2 is the moment of inertia of a
hollow sphere. τfoot and Ffoot are related by:

τfoot = Ffootr⊥ (3)

where r⊥ is the perpendicular distance from the
center of mass to the line of action of the force
(i.e. moment arm).

Set-Up
Stickers were placed on the ball, with one sticker
near the center of mass. A high-speed camera was
used to record the video at 1200 frames per second.
The stickers on the soccer ball were placed facing
the camera, with a meterstick placed in view to be
used as calibration in the video. Tracker software
was used to mark the positions of the stickers on
the ball in order to determine the ball’s linear and
angular velocity after the kick.

Center of Mass Motion
The final x-velocity after the kick is the slope of the
x vs. t graph just after the kick. The final y-velocity
is calculated the same way, using the y vs. t graph.

Rotational Motion
The angular velocity, ω, is the slope of the θ vs. t
graph of a sticker with respect to the center of mass.

It can also be found by fitting a sine curve to the x
vs. t graph, relative to the center of mass.

Average angular velocities of the three stickers:
Sticker Amplitude, A (cm) ∆ω (rad/s)

A .064 46.7
C .064 47.2
D .050 47.3
- - Avg. = 47.0± 0.3

Results
•Mass of the soccer ball = .430 kg
•Radius of the soccer ball = .111 m
•Radius of ball measure in Tracker = 0.095 m
•Scaling factor = 1.1684
•Time foot was in contact with the ball = .034-

.004 s = 0.030 s
• |~Ffoot,ave| = 91.5± 1.1N

• τave = 1570 N ·m
In the video, the meter stick was closer to the
camera than the ball, making the ball appear
smaller. Thus, a scaling factor was needed to
make up for the off-set calibration. This was
found by dividing the actual radius of the ball
by the radius of ball measured in the video.

Method #1
r⊥ can be calculated using:

r⊥ =
τfoot
Ffoot

=
2
3mR

2∆ω
∆t

|~Ffoot|

= 7.1± 0.1 cm

Method #2
r⊥ can be measured by r⊥ = |~r|sinθ, where θ is
the angle between the position vector where the
foot impacts the ball and the force by the foot.
The vector ~r can be measured in the video from
the center of mass of the ball to where the force
is applied by the foot, and θ can be derived from
the equation: cosθ = ~r·~Ffoot

|~r||~Ffoot
. Measurements give:

r⊥ = 7.5± 0.5 cm
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