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Abstract

A physical theory was developed to analyze dynamical behaviors of soccer players during a
match game. Application of dynamics onto the positional data of soccer players at every half
second may allow to evaluate dynamic parameters, such as velocity, acceleration and kinetic
energy at every instance. For the first time, we could define in-situ behavior of defender and
forward players by the time series of these physical parameters. We established a methodology as
based upon the classical dynamics and the modern electronic detection technology to trace players
during a soccer game. Thereby, a non-invasive as well as rigorous theoretical scheme enable the
evaluation of dynamic behavior of soccer players.
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Table 1. Half-width at helf-height of the acceleration distrubution function.

E dicteibuti HAR. KTH.
requency distribution 1St. Half 2nd. half 1St. Half 2nd. half
Acceleration (m/sec?) 22 1.1 1.9 20

Table 2. Energy consumption of soccer players and its time rate (per sec.) during various soccer
games. Theoretical evalutions based on the work and kinetic energy are also demonstrated.

Researcher Energy Consumption Notes
Total [KJ] Rate [KJ/sec.]

‘Yamaoka 1,058 0.49 Heigh-school game (Japan, 70 min.)
Seliger - 0.88 Model game (England, 10 min.)
Reilly 6,199 1.13 Professional game (England, 90 min.)
Seto - 1.74 Inter-College game (Japan, 90 min.)
Onodera et al., 2,247 0:42 HAR. (Japan National Team, 90 min.)

1,781 0.34 KTH. (Japan National Team, 90 min.)
Theoretical 3500 0.65 JF-ds (Work)

2830 0.52 % m v? (Kinetic energy)
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Effective Energy Utilization
— free energy, exergy and entropy —
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Abstract

In order to reveal the most effective energy utilization, we analyzed the energy system by
means of free energy, exergy and entropy. We defined exergy, an effective energy in the non-
equilibrium system, so that one can discriminate from the free energy concept. Exergy is a
technological concept which is extremely effective to evaluate the maximum energy usage.
However, exergy is heavily dependent on the environmental parameters such as temperatures and
atmospheric pressure. Therefore, exergy is hardly a universal concept. In this context, entropy is

the most reliable for the analysis of effective energy utilization.

Keywords: free energy, exergy, entropy, energy utilization
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