
DIDACTIC ANALOGIES USED IN COLLEGE PHYSICS LEARNING  

H. Aguilar 
Universidad Nacional Autónoma de México (MEXICO) 

Abstract 
Didactic analogies are frequently used in physics to help students learn new concepts. The instructor 
uses a familiar situation to facilitate the understanding and learning of a new one. In this paper some 
new, and some well-known, analogies are discussed regarding their pedagogical value in college 
physics for engineers. In light of modern theories of metaphor and analogy, which describe these 
concepts as “cross-domain mappings in the conceptual system” of a person, an analysis is made of 
the chosen analogies, to show the way in which relations in their base domains help the student 
understand important relations in the target domains. It is emphasized that the relatively large number 
of relations explained by the analogies included in this paper, and the considerable familiarity that 
college students usually have with the objects in the base domains of them, are major causes for the 
success that these analogies indeed have as teaching tools. 
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1 INTRODUCTION 
The use of analogies in physics teaching turns out to be a very useful strategy to help the student 
understand new concepts by comparison to other, more familiar ones [1]. The ability to find and use 
didactic analogies that can be effectively used in teaching practice belongs to the body of knowledge 
that an instructor has, beyond the disciplinary content of his course, on how to teach this effectively. 
Education researchers have called such a knowledge the “Pedagogical Content Knowledge” of the 
teacher [2]. From a theoretical standpoint, modern theories of metaphor and analogy describe these 
two concepts as “cross-domain mappings in the conceptual system” of a person. According to them, 
concepts and relations from the situation that is already familiar to the student, the base domain, map 
into important concepts and relations in the target domain, that is, in the situation to be learned [3]. 
Such a description provides, for our practical purpose, a useful way to analyse particular instances of 
didactic analogies, to find how they work to meet their purpose. In this paper one new, and two well 
known, analogies are discussed regarding their pedagogical value in college physics for engineering 
students. In each case, a brief analysis exposes the reasons why the analogy works so well as a tool 
in physics teaching and learning. 

2 SELECTED ANALOGIES 
The selection comes from the courses on acoustic and optics and semiconductor physics, taught by 
the author to second and third year students majoring in electrical engineering. 

2.1 The marching soldiers analogy for wave refraction 
A common analogy often used to explain the refraction of waves uses marching soldiers (Fig. 1). As a 
line of soldiers walk from a paved land onto a sand field, they slow down. If they cross the boundary 
between the two kinds of ground obliquely, the line bends and ends up moving in a different direction. 
This is exactly what happens to a wavefront as it meets the boundary between two media in which it 
has different propagation speeds. In the case of a wave, the change in the direction of movement is 
called refraction. Fig. 2 shows the refraction of ripples as they go from a region of deep water onto a 
region of shallow water, where their speed is lower. 

The phenomenon of wave refraction, in the case of light waves going from water to air, is in turn the 
cause of the well known optical effect of the “broken straw”, shown in Fig. 3. 

Table 1 shows a schematic representation of the mapping that makes up the marching soldiers 
analogy for the refraction of waves. 
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Figure 1. The marching soldiers analogy for the refraction of waves. 

 
Figure 2. Ripple Refraction. 

Table 1.  The analogy of marching soldiers for wave refraction. 

Marching soldiers (Base domain) Wavefronts (Target domain) 

Line of marching soldiers Wavefront 

Pavement Medium 1 

Sand Medium 2 

Soldiers march faster on pavement Wavefronts propagate faster in medium 1 

Soldiers march more slowly on sand Wavefronts propagate more slowly in 
medium 2 

Direction of line movement changes Direction of wave movement changes 

The phenomenon of wave refraction, in the case of light waves going from water to air, is in turn the 
cause of the well known optical effect of the “broken straw”, shown in Fig. 3. 
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Figure 3. The broken-straw effect. 

2.2 The skating slope analogy for photoelectric effect measurements 
The quantitative characterization of the photoelectric effect, a phenomenon that consists of the 
ejection of electrons from a metal when irradiated with electromagnetic waves, requires an 
experimental procedure that con be better understood with the aid of an analogy that involves skaters 
going up or down a slope. 

Fig. 4 shows the experimental device. It includes a photoelectric cell with a cathode, from which 
electrons are ejected, and an anode that collects them, causing a current to circulate through the 
circuit. The voltage source makes it possible to apply a potential difference between the cathode and 
the anode. Once electrons have been ejected from the cathode, they can be accelerated towards the 
anode, by a positive voltage. If the polarity of the source is reversed, the electrons can still make it to 
the anode, if only their kinetic energy is larger than the potential energy they will gain as they 
approach the anode. 

 
Figure 4. Photoelectric effect experimental device. 

Fig. 5 shows the typical current-voltage relation for the experiment. Remarkably, the maximum kinetic 
energy that the ejected electrons have can be determined by simply measuring the extinction voltage 
(V0), and using the relation Emax = eV0, e being the elementary charge. Some of these facts can be 
readily understood with the help of the proposed analogy. 
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Figure 5. Current-voltage relation. 

Fig. 6 shows some skaters as they go on their skateboards through a path that has a slope, 
descending in the first case (a), and ascending in the second one (b). Gravity favours the 
displacement of the skaters in the descending slope, but it works against it in the ascending one. This 
is just what happens to electrons in the experiment of the photoelectric effect, when they move 
towards the anode under an accelerating potential or a retarding potential, respectively. Several 
similarities con be identified between the skaters situation, which is one naturally appealing to college 
students, due to their enormous familiarity with the gravitational attraction by the earth, and the 
photoelectric effect experiment. Table 2 is a schematic representation of the mapping that makes up 
this analogy. Among the similarities between the situations under consideration, it is worth pointing out 
the way in which the maximum kinetic energy of the skaters can be determined. Since that energy 
transforms into gravitational potential energy as the skaters climbs the slope, the maximum potential 
energy that they get, mghmax, when they reach the maximum height that they can reach on the slope, 
hmax, is equivalent to the kinetic energy that they had just before their climb. That is, Emax = mghmax, 
which obviously resembles the calculation of Emax for the electrons, based on the extinction voltage. 
Thus, this gravitational analogy becomes really helpful for understanding the photoelectric experiment. 

 
Figure 6. Skating slopes. 
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Table 2.   The analogy of skaters for the electrons ejected in the photoelectric effect. 

Skaters (Base domain) Electrons (Target domain) 

Skaters Electrons 

Gravitational force Electric force 

Gravitational potential Electric potential 

Descending slope Accelerating potential 

Ascending slope Retarding potential 

Measurement of maximum height Measurement of extinction voltage 

Maximum kinetic energy 
Emax = mghmax 

Maximum kinetic energy 
Emax = eV0 

2.3 The two-shadows analogy for wave-particle duality 
The last example chosen for this paper is particularly helpful when students approach concepts that 
are characteristic of microscopic objects, such as particles, in introductory modern physics. Some of 
those concepts seam very unexpected, to say the least, because the student does not have direct 
experience with those features of the microscopic world. One of those features is the so called wave-
particle duality. 

The phrase wave-particle duality designates the fact that, depending on the experiment, particles and 
photons show a particle-like behaviour or a wave-like behaviour. Fig. 7 represents a couple of 
experiments carried out to study the cylindrical object, in order to learn how it is. Unless one can 
examine the cylinder directly, the experiments show only partially how the object really is. The first 
experiment casts a rectangular shadow, which is detected by a wall. The second experiment tells us a 
different story, as it casts a circular shadow on the corresponding detector wall. These experiments 
show us how the experimental procedure itself can have an impact on the information that they 
provide. 

Table 3 shows schematically the mapping of concepts and relations involved in the analogy. 

Table 3.  The analogy of shadows for wave-particle duality. 

Shadows (Base domain) Behaviour of particles (Target domain) 

Cylinder Particles and photons 

Experiments Experiments 

Walls Detectors 

Shadows Behaviour 
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Figure 7. The shadows analogy for wave-particle duality. 

3 CONCLUSIONS 
From the analysis of the didactic analogies that have been discussed, it is apparent that all of them 
share important features that make them useful. They involve a significant number of concepts and 
relations in their base domains that have easily recognizable counterparts in the target domains. And 
in each of the three cases, the base domain is a situation with which any college student is 
undoubtedly familiar and has a correct understanding of it. These features play a key role in the 
remarkable success that the analogies presented have as teaching tools. 
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