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Development of a spreadsheet-based tool to facilitate
understanding of thermal entropy

Takeshi Ishida' and Junichi Ohara’

Abstract : Learners of thermodynamics learn a basic thermodynamic state quantity “entropy” which is
challenging to understand owing to multiple reasons. First, entropy is explained using multiple defining
equations; intuitively understanding the meaning from the equations can be difficult. Second, entropy is often
explained in terms of “clutter” and “disorder” of energy; however, the correspondence between these concepts
and the defining equation is not obtained intuitively. Therefore, in this study, we considered a virtual lattice
space in which gas molecules are arranged and developed a model that enables intuitive understanding and
quantitative calculations using defining equations. Specifically, the model was implemented in spreadsheet
software with 100 gas molecules in a virtual space of 100 lattices. The model showed that even such a simple
model can define thermodynamic quantities and quantify the number of cases W in Boltzmann’s equation from
the viewpoint of the arrangement of molecules in lattice space. This is a tool that can calculate and
quantitatively examine all entropy from multiple entropy-defining equations. This calculation sheet shows that
the calculated values of entropy by the Sackur-Tetrode equation and Boltzmann s equation are almost the
same. Furthermore, the entropy difference calculated using the thermodynamic defining equation dS = dQ/T
was also consistent with the values by other equations. Therefore, the model can specifically calculate the
values of various entropy-defining equations.
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Figure 1. Even when the total amount of energy is the same, the quality of the energy differs after the heat

has diffused.
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Figure 8. Overview of the sheet for calculating energy exchange of molecules.



Figure 9. Initial energy values of each molecule
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Figure 10. Operations that exchange one unit of energy between two randomly

selected molecules. (Excerpt from "Sheet for Calculating Energy

Exchange of Molecules", only some of the molecules are shown)
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Figure 11. Distribution of the number of molecules with respect to the energy magnitude for each number

of iterations.
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1. Estimated Values from the simulation sheet
] T

100 539.6 0.67
200 657.3 1.33

2. Calculate A S from the table in 1.
Difference 11766
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3. Calculation values A S by the defining equation
Value with dS=dQ/T
AS 100.00

Value with dS=NC In(T,/T,;)
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Figure 14. Calculated entropy value using the entropy
definition equation in thermodynamics
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T= 1.33
k= 1.86
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Sackur-Tetrode equation
657.3
S=klogW
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Figure 13. Entropy calculated from Boltzmann distribution after 50,000 energy exchanges.
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