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Abstract - Learning by analogy is one method that can be 

used by a teacher to develop student’s creativity in learning. 

Analogy is a comparison of similarities between two concepts. 

Thermodynamics is one of the teaching materials covered in the 

Indonesian senior high school physics curriculum. The concept of 

ideal gas heat engine (Carnot engine) is already known by the 

students after their teacher have delivered the thermodynamics 

material. The concept of ideal gas heat engine is then compared 

with the target concept an elastic heat engine, to obtain desired 

attributes.  Students are expected to understand that the heat engine 

concept is applicable for elastic materials, i.e., a system involving 

elastic materials can changes heat to mechanical work. The method 

used in this case is developed by Glynn, which is called as TWA 

(Teaching with Analogy). The stages of the method are as follows: 

1) A teacher introduces the target concept (elastic heat engine); 2) 

Students complete a review about the analogy concept (the Carnot 

engine); 3) Students identify relevant attributes between the target 

and analogy. Attributes are: the equation of state, internal energy, 

heat capacity, and Carnot cycle; 4) Students map the similarity 

between the analogy and target concepts; 5) Students identify/look 

for exceptional circumstances where the analogy does not work; 6) 

Students make the conclusions about the target concepts. The 

results are then evaluated by the teacher to determine the 

achievements of students towards the concept of elastic heat 

engine. 

Index Terms: Learning by Analogy, Carnot Cycle, Elastic 

Heat Engine, Teaching with Analogy  
 

1. Introduction 

Introducing new ideas or concepts can be easier by 

relating them with other previously understood 

ideas/concepts. The human ability to link an event with 

similar events to see similarities between them is called the 

analogy capabilities [1]. New concepts are often complex 

and sometimes related to abstract phenomena and abstract 

systems which make a teacher facing difficulties to explain 

them to students. With analogies, students are helped to 

build their own understanding about new concepts from 

well-known and general concepts [2]. The use of analogy to 

understand an abstract phenomenon using the concrete 

reference has been discussed [3-4]. Several examples of 

teaching with analogies have been applied at senior high 

school in the concepts of electromagnetic waves [5], 

electrical components [6], and electric field [7]. Fortunately, 

in the examples, both target and analogy concepts are 

included in the 2013 senior high school physics curriculum 

[8]. However, there is no report when the target or analogy 

concept is not in the curriculum.  

One of learning materials that can be developed in 

learning by analogy is thermodynamics. The topic on a 

Carnot heat engine using an ideal gas is included in the 

curriculum. Theoretically, Carnot heat engine has the 

highest efficiency among others with the same cold and hot 

temperatures. The Carnot cycle is a cycle consisting two 

isothermal processes and two adiabatic processes [9]. 

Another engine that could be analogous to the Carnot heat 

engine is an elastic heat engine using an elastic material. 

The elastic heat engine could be introduced as an 

enrichment material in discussing the Carnot heat engine, 

and designed to make students more active in learning.  

This paper will discuss the design of learning by analogy 

on the Carnot heat engine using an elastic material. The 

analogy concept is therefore the Carnot heat engine using an 

ideal gas. 

 

2. Methodology 

An analogy is a way of human communication by 

comparing two similar phenomena that may be either literal 

or figurative. A literal analogy compares two things that are 

quite similar, while a figurative analogy makes a 

comparison between things that are more different than 

identical [10]. Analogies used in classrooms should be 

designed to promote elaboration, which is the cognitive 

process of constructing relations between what is already 

known and what is new [11]. Noting that elaboration plays a 

critical role in a constructivist framework for learning 

science, it can be activated by questions, objectives, 

personal examples, and other strategies [4].  

The methodology used to obtain good analogies refers to 

the model of teaching with analogies (TWA) from Glynn 

[3]. Based on the TWA Glynn model, there are six steps that 

must be carried out by students in order to obtain a good 

analogy [12].  

a)  A teacher introduces the target concept.  

The target concept is a new concept that is not well 

understood by students.  

b)  Students complete a review about the analogy concept. 

The analogy concept is a common concept that is well 

known by the students.  

c) Students identify relevant attributes between target and 

analogy concepts.  

All attributes of both target and analogy concepts are 

collected.  
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d) Students map similarities between target and analogy 

concepts. 

Connecting similar attributes of the target and analogy 

concepts is called as mapping. If there are many similar 

attributes, the obtained analogy is good.  

e) Students identify/look for exceptional circumstances 

where analogies do not work. 

f)   Students make the conclusions about target concepts. 

The results will be evaluated by the teacher to determine 

achievements to the students towards the target concept. 

 

3. Results and Discussion 

 Following the TWA Glynn model, designing of learning 

by analogy on an elastic heat engine in senior high school 

can be described in the following six steps. 

 

a)  A teacher introduces the target concept.  

Carnot heat engine is a heat engine operating in the 

reversible Carnot cycle [9] and the conventional Carnot 

heat engine uses an ideal gas. By analogy, other phases 

of substances either solid or liquid could replace the 

ideal gas to make another Carnot heat engine. Under a 

“thought experiment”, a Carnot heat engine using an 

elastic material could be realized and this hypothetical 

engine is called as an elastic heat engine.  

The target concept is therefore the concept of Carnot 

heat engine using an elastic material, which will be 

called as an elastic heat engine.  

 

b)  Students complete a review about the analogy concept. 

The Carnot heat engine using an ideal gas that has been 

recognized by the students is as the analogy concept 

because it is included in the 2013 senior high school 

physics curriculum. Although some important formulas 

are given in the curriculum, their derivations are still not 

familiar to the students. 

1) The equation of state of an ideal gas is written as 

      , where P is pressure, V is volume, n is 

the mole number of gas, T is temperature in Kelvin, 

and R is the universal gas constant [9]. The variables 

P and V are attributed as generalized force and 

spatial coordinate, respectively, while T is called as 

an intensive coordinate. 

2) Using the first law of thermodynamics       

   , where    is the exact differential of internal 

energy U, and    and    are the inexact 

differentials of heat and work, respectively, and 

noting that the adiabatic process is a process when 

there is no heat exchange from system to 

environment so that     , then it is obtained 

     . 

3) For a hydrostatic system, the inexact differential of 

work in changing its volume is given by    

     and the first law of thermodynamics becomes 

          or           . 

4) Moreover, the inexact differential of heat can further 

be written as    (
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5) If volume V is constant, then    , and (
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6) By definition, the heat capacity at constant volume 
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7) In the special case of the ideal gas in the hydrostatic 

system, U is a function of T only, therefore    
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8) If pressure P is constant and noting that 
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9) By definition, the heat capacity at constant pressure 
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   , therefore,    
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      , where  is the volume 

expansivity. 

10) In the special case of the ideal gas in the hydrostatic 

system, U is a function of T only, therefore    

     . 

11) Defining the ratio of the heat capacities by the 

symbol , we have       ⁄  higher than 1.   

c) Students identify relevant attributes between target and 

analogy.  

Both the target and analogy have features called as 

attributes. The relevant attributes are the equation of 

state, generalized force, generalized coordinate, internal 

energy, heat capacity, work, and Carnot cycle. Students 

compare and analyze them.  

1) In analogy to the ideal gas, the elastic material 

should also have the equation of state written as 

[9,13-15]  
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where  is tension and L0 is initial length, L is length 

(under tension), K is the constant (depend on 

temperature of elastic material), and T is the 

temperature. The variables  and L are attributed as 

generalized force and coordinate, respectively. 

2) For an elastic wire, the inexact differential of work 

in changing its length is given by        and 

the first law of thermodynamics becomes    

       or           . 

3) Moreover, the inexact differential of heat can further 

be written as    (
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Dividing by   , we get 
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4) If length L is constant, then    , and (
  

  
)
 

 

(
  

  
)
 
.  

5) By definition, the heat capacity at constant length 
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, therefore,    (
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. 

6) In the special case of the ideal elastic wire, U is a 

function of T only, therefore          or 

       . 

7) If tension  is constant and noting that 
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8) By definition, the heat capacity at constant pressure 

   (
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
    , therefore,    

    (
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       , where L is the length 

expansivity.  

9) In the special case of the ideal elastic wire, U is a 

function of T only, therefore          
 
. 

10) Defining the ratio of the heat capacities by the 

symbol , we have       ⁄  higher than 1. 

d) Students map similarities between target and analogy 

concepts. 

Students map similar attributes as many as possible in 

order to obtain good analogy. The similarities of the 

Carnot heat engine and the elastic heat engine that have 

been mapped are listed in Table 1 and given in Figs. 1 

and 2. 

 
Table 1. The comparison of physical properties between an ideal 

gas and elastic material. 

 
 

The Carnot cycle of the Carnot heat engine using the ideal 

gas is represented in Fig. 1 [9]. There are four lines: i) 

reversible isothermal expansion, ii) reversible isothermal 

compression, iii) reversible adiabatic expansion, and iv) 

reversible adiabatic compression.  

 

 
Figure 1. PV diagram of Carnot cycle.  

 

In order to obtain the Carnot cycle of the elastic heat engine, 

the equation of state in Eq. (1) is used along with the first 

law of thermodynamics.   

a. Isothermal Process 

For a small addition of length (  ), so      , the 

tension in Eq. (1) is approximated by using Taylor series,  
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Substituting Eq. (1) into Eq. (2), it is obtained 
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So, for a small addition of length (  ), the relation between 

  and L becomes 

 

 ( )     (
 

  
  ).        (3) 

 

For the isothermal process, in which T is a constant c, the 

equation of state in Eq. (3) becomes 
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b. Adiabatic Process 

Using the first law of thermodynamics         , 

where    is the exact differential of internal energy U, and 

   and    are the inexact differentials of heat and work, 

respectively, and noting that the adiabatic process is a 

process when there is no heat exchange from system to 

environment so that     , then it is obtained 

 

     ,        (5) 

 

From the first law of thermodynamic, we know 

           

Variables Ideal Gas Elastic Substance

Generalized Force Pressure (P) Tension 

Generalized Coordinate Volume (V) Length (L )

Intensive Coordinate Temperature (T) Temperature (T)

Equation of State

Internal Energy U = U(T) U= U(T)

Heat Capacity

Work

nRTPV      
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. Y is 

isothermal Young’s modulus (N/m
2
), A denotes the cross-

sectional area (m
2
),   is the tension (N), and   
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constant. 

because     , therefore Eqs. (6) and (7) become, 

         

           

From the following equations are obtained, 
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where   is a constant and 
  

  
   ,  where    . 

Since Eq. (4) represents the isothermal process and Eq. (8) 

does the adiabatic process, a Carnot cycle of the elastic heat 

engine is demonstrated in Fig. 2.   

 

 
Figure 2. Carnot Cycle of an elastic heat engine using an elastic 

material. 

e) Students identify/look for exceptional circumstances 

where analogies do not work. 

The concept of ideal gas heat engine can be used for 

analogy of elastic heat engine with exception in minus 

sign of work.  

f)   Students make conclusions about the target concepts. 

Various results will be obtained by students. The results 

will be evaluated by the teacher to determine 

achievements to the students towards the elastic heat 

engine concept. 

 

4. Conclusion 

A material of learning by analogy in senior high school 

has been designed. There are analogies between ideal gas 

heat engine and elastic heat engine. The concepts cover 

equation of state, internal energy, heat capacity, work, and 

Carnot cycle. In this analogy, generalized force P for ideal 

gas is proportional with temperature but inversely 

proportional with its generalized coordinate V. While 

generalized force   for elastic material is not only 

proportional with temperature but also its generalized 

coordinate L. The constants used are R and K for ideal gas 

and elastic material equation of states, respectively. In 

addition, the work for both ideal gas and elastic material can 

be defined as integral of the product between generalized 

forces with the changes in generalized coordinate. 
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