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23. €93 A2¥H wHol g JYAT

2.3.1. A9 d93 Jid ol did A+

defste 27 A3 L%, ol g7Al AU, dest AN, A9
& AgHon i 4 A A7 g AdATES ARsun o
o3} e}
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AL ole #Aw AYES olslal] ojFgATE AHol AT

A mAS YRR AZhste] BANT Bk of

al., 1999; Jasien & Oberem, 2002; Lewis & Linn, 1994; Loverude et al., 2002;
Meltzer, 2004). &%= 7I@S old|sle © AoJA =T FoidAE 227
g Abgelel ke AReld] LEE Sgedns o] LEE oldshs
g =] "vh= F4o] A7IHAL(Arons & Redish, 1997), tiet=¢] <
Fol A BAT 2 WBE BALFAUA ] AP dol A dejst
4 Wy A== lde =98 Felrt Basts F4E A
(Baierlein, 1990; Worthing, 1940).
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shths o7k 9Tk SR dofueh ol wAlvkt e A}
g, A ouz st ASE 9n Ul ouw s
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Se Serway Physics for Scientists & 2000  Saunders
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physics (3rd Ed.)
Ti Tipler Physics for Scientists and 2004  W. H. Freeman
& Mosca Engineers (5th Ed.)
Ha  Halliday, Fundamental of Physics 2008  Wiley
Resnick (8th Ed.)
& Walker
Yo Young University Physics: with 2008  Pearson/Addi-
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Sw  Swartz Teaching Introductory 1998  Springer-
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Abstract

Students’ Understanding of
the Second Law of Thermodynamics
including Reversible Processes with
Suggestions for Effective Instruction

Juhyeon LEE

Physics Education Major
Department of Science Education
The Graduate School

Seoul National University

In the areas of thermodynamics and statistical mechanics which consider many-
particle systems, the notion of irreversibility, which is the core of the second law of
thermodynamics, 1is appeared. However, the investigations of students’
understanding of the second law with focused on many-particle systems and
thermodynamic irreversibility were few. This study suggests several ideas for
effective instruction of the second law of thermodynamics at the introductory
physics level by analyzing explanations of the second law in physics textbooks and

investigating students’ understanding of the second law including reversible
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processes.

This study consists of four parts. The first part analyzed the descriptions of the
second law and related concepts appeared in introductory physics textbooks. The
second part investigated students’ understanding of the relationship between
thermal efficiencies and the processes of heat engines, and the third part
investigated students’ understanding of irreversible adiabatic processes. Based on
the results of three researches, as a final part, ways of how to explain the second

law of thermodynamics were suggested.

The first research analyzed the forms of content flow, the introduction of
mathematical formulas, descriptions of reversible processes, and the Carnot cycle
in eight introductory physics textbooks. As a result of the analysis of the content
flow with mathematical formulas, three types of characteristics were found. The
textbooks focused on qualitative explanations of the second law, the quantitative
calculation of dS = 6Q/T, or an explanation of S = k In). Various methods were
used to introduce dS = §Q/T : simply presenting the formula without any
qualitative explanation, inducing the formula from Carnot’s principle, inducing the
formula from a definition of statistical temperature, etc. When S = k In{) was
explained, most textbooks used metaphors from everyday life situations while just
one textbook used a solid model. In the descriptions of the reversible process and
the Carnot cycle, it was found that the operational definition of a reversible process
was ambiguous, that illustrations did not embody the reversible process, and that
the questions to predict the direction of an event through entropy calculations were

insufficient.

The second research discussed how to solve a contradiction among the three
statements of ‘all reversible heat engines operating between two reservoirs have the
same efficiency’, ‘an ideal Stirling engine operates reversibly’, and ‘the efficiency

of a Stirling engine is lower than the efficiency of a Carnot engine,” and analyzed
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undergraduate students’ thoughts about this contradiction. The participants were 24
students who took a course on thermal and statistical physics at university. The
analysis of the explanations of a Stirling engine efficiency showed that a Stirling
engine without regenerator cannot operate reversibly between two reservoirs and
that the heat efficiency of the Stirling engine was lower than that of Carnot engine.
However, if a Stirling engine has a regenerator, it can operate reversibly and the
efficiency is equal to that of a Carnot engine. The analysis of students’ responses
showed that most students considered the entropy of a Stirling engine as the most
important factor to determine whether the Stirling engine can operate reversibly or
not. However, they did not understand clearly the relationship between entropy and
a reversible process. Also, many of the participants gave incorrect answers to the
question pertaining to the contradiction, with answers such as ‘a Stirling engine
cannot operate reversibly,” or ‘I simply don’t know.” It appeared to be caused by

students’ incomplete understanding of thermodynamic processes.

The third research investigated students’ understanding of the movement of an
adiabatic system toward an equilibrium state when the system changes irreversibly.
The participants were 140 Korean students at a science high school, who had
learned thermodynamics in their introductory physics class. A questionnaire that
contained two situations involving an adiabatic double chamber and an adiabatic
vertical syringe was given to the students. From the analysis, it was found that the
students frequently used the formula ‘pVY = constant’ without any consideration
of whether the process was reversible or not, although this formula should only be
used for reversible adiabatic processes. In addition, the students predicted that the
pistons for an adiabatic box or an adiabatic syringe would oscillate eternally
because the students believed that the term ‘adiabatic’ indicated the conservation of
mechanical energy or no entropy change of a system without any dissipative effects.

They did not recognize the fact that the second law was derived from collisions
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among many particles, and they did not distinguish between reversible and
irreversible processes. Also, they suffered from difficulties in predicting the final

state of a system after an irreversible process had been completed.

Based on the above findings, the ideas were suggested for effective instruction
with a teaching-learning flow chart. In the flow chart, applications of the second
law in various situations were emphasized so that students would recognize well
the statement that ‘the entropy of an isolated system never decreases.” The
conditions for applying the second law through the comparison between classical
mechanics and thermodynamics were discussed, and the timing of introducing ‘a
reversible process’ was considered. To improve students’ understanding of a
reversible process, providing both qualitative and quantitative explanations of a
reversible process with a detailed description of an operating Carnot engine was
suggested. Awareness of the restricted conditions pertaining to thermodynamics
formulas would also contribute to increasing the ability of students to solve

thermodynamic questions.

This study showed the various forms on explaining the second law and related
concepts, found students’ understandings and difficulties related to the concepts of
the second law including reversible processes, and suggested effective instruction
methods to overcome students’ difficulties through the comparison between
classical mechanics and thermodynamics and the provision of concrete

explanations of a reversible process.

Keywords : the second law of thermodynamics, reversible process, entropy,

students’ understanding, introductory physics, heat engine, adiabatic process
Student Number : 2007-30916
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