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Abstract

In the world of football, there is a retired footballer called Thiago Alcantara. A feat that many football fans around
the world would remember him by is his goal against Porto in the second leg of a Champions League quarter-final
match in 2021 [1]. This paper investigates the metrics of this shot on Earth and then proceeds to investigate
whether the shot would have entered the goal if it were taken on the Moon by presenting it as a simplified
projectile model. The calculations show that on the Moon the shot would have travelled approximately 3.76 m

above the crossbar.
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Introduction

Thiago Alcantara is a retired Spanish footballer
who is currently the assistant manager of
Barcelona [1]. He had a prolific career playing for
many prestigious clubs such as Barcelona, Bayern
Munich and Liverpool [1]. Thiago had a creative
playstyle, with a mastery in playmaking and ball
control, allowing him to primarily play most of his
career as a central midfielder [1]. A special moment
that captured the hearts of many football fans
around the world is when Thiago scored a
spectacular shot against Porto in the second leg of
a Champions League quarter-final match in 2021
[1]. This paper will explore the metrics of this shot
on Earth and calculate whether it would have gone
in had it been taken on the Moon.

Figure 1 — Shows Thiago striking the ball for his
goal against Porto in the Champions League [2].

Earth’s Model

We can present this shot as a simplified projectile
model. For this scenario, Thiago was 22.86 metres
away from the goal [3]. Using the real-time video
replay, we can approximate the time of flight of the
ball to be 1.2 seconds and the height at which it
reached the goal to be 0.3 metres [4]. As this model
is based on Earth, we will use the gravitational
acceleration of 9.81 ms~2 [5]. As the height of the
ball was very low when struck, for the simplicity of
the model, we will assume the ball was struck from
ground height and that there is no air resistance.
The horizontal velocity can be given by the
equation [6]:
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The vertical velocity can be given by the equation

[7]:
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Which can be rearranged to find the vertical
velocity:
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The total initial velocity can be given by the
equation [7]:

v= /v,? +vy  (Eq™3)
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Using the horizontal velocity and the vertical
velocity, we can calculate the launch angle using
the equation [8]:
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The launch angle shows the direction in which
Thiago struck the ball on Earth. By keeping this
angle consistent, we can directly compare how the
change in gravitational acceleration affects the
trajectory of the shot.

Moon’s Model

To investigate whether Thiago’s shot would go in
under lunar conditions, we will use the Moon’s
gravitational acceleration of 1.62 ms~2 compared
to Earth’s 9.81 ms~2 [9]. As horizontal velocity is
unaffected by gravity, we can still use the same
time taken of 1.2 seconds.

We can use Eq. 2 again to find the vertical height of
the ball [7]:
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The standard height of a professional football goal
is 2.44 metres [10]. As the newly calculated height
of 6.20 metres is greater than 2.44 metres, it
means that if Thiago took his shot on the Moon, the
ball would travel a significant distance above the
crossbar (3.76 metres). This is a result of the
weaker gravitational pull on the Moon compared

to Earth, allowing the ball to gain more height
when travelling towards the goal. Due to this gain
in height, Thiago’s goal would no longer count as
the shot would travel over the crossbar.

Limitations

It is important to address the limitations of this
simplified model and how they can be improved in
future work. Firstly, parameters such as the flight
time of the ball and the goal entry height were
estimated from video footage. This introduces
uncertainty due to factors such as frame rate and
perspective distortion which could be resolved by
using motion-tracking software to be more precise.
Secondly, this model assumes an ideal projectile
motion, which ignores factors such as air resistance
and the Magnus effect caused by the spin of the
ball which could affect the trajectory of Thiago’s
shot. Future studies could analyse the drag
coefficient and the spin-induced forces on the ball
to enhance the precision of this model. Finally, this
model assumes a uniform gravitational field and
does not consider the lack of atmosphere on the
Moon. A more advanced analysis could include
variable gravitational fields as well as a vacuum
environment to further increase the precision of
this research. Despite these limitations, the model
acts as an adequate initial approximation of the
projectile motion of Thiago’s shot, allowing
comparisons between Earth’s and the Moon’s
gravitational conditions.

Conclusion

Ultimately, although Thiago’s famous goal may be
described as magical by football fans on Earth, the
same would not be true on the Moon. On the
Moon, the ball would travel approximately
3.76 metres above the crossbar, resulting in a shot
that Thiago himself may aim to forget.
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