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Abstract.  The method of physics demonstrations is one of the traditional methods, 
usually in order for students to connect demonstrated phenomena with the related physics 
theory. In this work, we developed a handbook to share the knowledge of physics 
demonstrations among the faculty members in Nagoya U. In the handbook, we described  
characteristics of distinguished demonstrations and effective teaching methods with 
demonstrations as knowledge of physics demonstrations. We also described several 
examples of masterpieces of physics demonstrations and our original ones. We will 
explain the process of development and contents of the handbook.  

INTRODUCTION 

The method of physics demonstrations is one of the traditional methods in physics classes, 
which has continued from the middle ages [1]. Demonstration experiments are usually 
conducted by a teacher in a lecture room among the explanation of a physics theory. Seeing and 
thinking about the physics demonstrations, the students have an opportunity to connect the 
demonstrated phenomena with the related physics theory and to recognize the physics theory as 
reality. Demonstration experiments are discriminated from laboratory experiments. Namely, 
laboratory experiments are usually conducted by the students in the laboratory along the 
textbook of the experiments [2].  

In Japan, a lot of physics teachers show demonstrations in their classes [3-7], including us, 
some of the faculty members of Nagoya University [8]. However, as well as the other 
universities in Japan, each of us has solely developed them. Therefore, the knowledge and 
methods of physics demonstrations have not been shared among us. This causes redundant 
efforts to spend a lot of time to produce apparatuses of demonstrations and a lot of trials to find  
the effective teaching methods. It is desirable that there is a facility to stock the apparatuses of 
demonstrations in the university, or a handbook and/or a webpage which describe the effective 
teaching methods of demonstrations (for example, [9,10]). With these equipments, we can save a 
lot of time to prepare the demonstrations, and can improve the higher-quality demonstrations on 
the existing demonstrations. In order to go through these measures and resolve the problems, we 
think that the organized support is needed. 

Our project is organized with the faculty members of physics in various departments and the 
Center for the Studies of Higher Education (CSHE) in Nagoya U. Since the CSHE has the 
experience to develop handbooks on higher education [11], we have determined to develop a 
handbook as a tool to share the knowledge of demonstrations. A handbook has the advantages to 
be kept in desk easily and to be updated easily than a book, and also to be appealing if it is 
distributed to teachers. 



In the following sections, we would like to explain the process of development and contents 
of the handbook.  

OBJECTIVES & METHOD OF OUR DEVELOPMENT 

The objective of our project is to develop a handbook on physics demonstrations to share the 
knowledge among faculty members in Nagoya U. We have set the three main lines to develop 
the handbook. First, we have accumulated the knowledge about physics demonstrations in and 
out of Nagoya U. We have visited the physics classes where demonstrations are shown and have 
interviewed the teachers on their procedure of the demonstrations. Then, most importantly, we 
have developed some dozens of physics demonstrations by ourselves and have discussed what to 
improve and how to use the demonstrations.  In addition to those in Nagoya U., we researched 
English and Japanese literatures on physics demonstrations more than fifteen issues, and also we 
held a seminar about physics demonstrations by an invited speaker [12]. 

Second, we have edited the accumulated knowledge to match the needs of the students and 
teachers in Nagoya U. For example, for the students, we have described the demonstrations on 
the physics concepts which we think are hard to be understand for the students in our classes. 
For the teachers, we described how and where to get the materials and the appropriate support in 
order to produce apparatuses of demonstrations. In this way, we have set definite targets for 
editing the handbook. 

Third, we focused on the demonstrations of the Mechanics and the Electromagnetism, 
because these two courses are the general subjects among the physics courses and are included 
in the curriculums of the several departments.  Moreover, the phenomena of the Mechanics and 
the Electromagnetism are comparatively easy to be demonstrated with the materials which often 
appear in daily life. This is another reason of this line.  

CONTENTS OF THE HANDBOOK 

We published the handbook in March 2010 and distributed them to the faculty members in 
Nagoya U. We have summarized the contents of the handbook in TABLE 1. In the following 
sections, we explain the each content in order. 

TABLE 1. The cover and the contents of the handbook. 
 

 
(A4size, 58pages) 

1. Know-how of Physics Demonstrations 
- Characteristics of distinguished demonstrations 
- Effective teaching methods with demonstrations 

2. Examples of Physics Demonstrations 
- Net 15 demonstrations of our original experiments and 

the masterpiece experiments 

3. Useful Information for Starters 
- How and where to get the materials to produce the 

apparatuses etc. (some local information) 

+ Columns on physics demonstrations (E.g. success and 
failure stories)   



Know-how of Physics Demonstrations 

Characteristics of Distinguished Demonstrations 

In the first section of the know-how of physics demonstrations, we have described 
characteristics of the distinguished demonstrations. By “characteristics,” we mean the 
characteristics which belong to the apparatus of a demonstration. We propose the following 
three statements about the characteristics, where we have referred the literature by Ehrlich [13]. 

At first, we propose that the distinguished demonstrations are intellectually stimulant. For 
example, if the result of a demonstration is unexpected for students, they are urged to change 
their physical concept of the phenomenon. Or, if a demonstration is associated with daily life, 
the information of the phenomenon is probably connected to the students’ memory. We 
described the other eight examples about this statement. 

Second, we propose that the distinguished demonstrations are simple. This means not only the 
apparatus of the demonstration is structurally simple, but also the result of the demonstration is 
visually and aurally clear. If the apparatus of the demonstration is structurally simple, it is easily 
to produce, repair, and improve. And if the result of the demonstration is visually and aurally 
clear, that is, if there are few noise of information in the demonstration, the students easily 
understand the phenomenon. We described the other eight examples about this statement. 

Third, we propose the distinguished demonstrations are correct. For example, the 
demonstrations should be surely successful. This is because if a demonstration is failed and the 
teacher repeat the demonstration until it is successful, the students will confuse which 
phenomenon is right as a rule of physics. In another example, it is given that the experiments 
should be confirmed by other teachers. We will explain what this example means in detail later. 
We described the other two examples about this statement. 

Effective Teaching Methods with Demonstrations 

In the second section of the know-how of physics demonstrations, we described the effective 
teaching method with the demonstrations. Even though we use the apparatus of a distinguished 
demonstration, we cannot necessarily teach effectively.  There are several methods which we 
should use to teach effectively with demonstrations.  

At first, we propose to set the goal of demonstration. Since there are several kinds of the 
characteristics and the goals of demonstrations, we should match them in order to teach 
effectively. As the examples of the goals, we picked: helping the students to understand an 
abstract physics theory by showing the related phenomena, testing the physics misconception of 
the students, or attracting student’s attention, interest, and motivation on physics. We described 
the other two examples of the goals in the handbook. 

Second, we propose to increase the opportunity for the students to think about the 
demonstration. This statement is based on a common tenet that students will fail to learn from 
an event when exposed to it only once [14]. For example, we can increase the opportunity for the 
students to think by having the students predict the results of the demonstration or discuss the 
results of the demonstration with the teacher or among the students. We described the other 
three examples about this statement. 

Third, we propose to help students to understand the demonstrated phenomenon. One of the 
methods is having the students concentrate on the demonstration by explaining the point to be 



paid attention before showing the demonstration. Another method is building the connections 
between the demonstration and the knowledge which the students already have by giving the 
explanations associated with daily life. We have found only these two examples about this 
statement, and are looking for the other examples.  

Examples of Physics Demonstrations 

In the second chapter, we described the examples of physics demonstrations. There are net 
fifteen demonstrations which include the ones we developed originally and also masterpieces of 
demonstrations. For example of a masterpiece demonstration, we picked the Gauss accelerator 
which aims to show the exchange of magnetic potential energy and kinetic energy [15]. For 
example of an original demonstration, we picked Rolling Down a Hill which aims to teach the 
moment of inertia.  Although there are several demonstrations similar to our demonstration, we 
developed the apparatus and the order to show the demonstration by ourselves.  

The Others 

In the third chapter, we described the useful information for the starters on demonstrations. 
For example, we described how to order the materials of demonstrations near Nagoya U. and 
also where to consult a technician in Nagoya U. on designing and producing the apparatuses of 
demonstrations. This information is especially useful for the faculty members of theoretical 
physics who are not used to order such materials. 

In addition to the main chapters, we described columns on physics demonstrations especially 
on the failure stories. As an example of the failure story, we want to pick the experiment of 
Feather Drop. This is a simple experiment that if we drop a hard book with a feather on it, the 
book and the feather fall down at the same speed. To this phenomenon, a teacher might give 
following explanation: “We can neglect the air resistance from the bellow to the feather because 
it is on the book. Therefore, this phenomenon means that when an object falls down freely in the 
gravity acceleration, the speed of the object is independent of its mass.” Although this 
explanation seems to be right at first sight, there is an oversight in the explanation. When the 
book falls down, the air pressure above the book is reduced. So, there is an effect to pull down 
the feather downward. Namely, the feather doesn’t fall freely, but falls with the acceleration by 
the effect of the downward force! This fact can be confirmed by pulling down the book with the 
acceleration more than the gravity acceleration (See FIGURE 1,2.). If the father fell down freely, 
the feather would delay to the book. However, actually it doesn’t.  

This is a demonstration which appears in a famous book of demonstrations. Although it gives 
wrong explanation, there are some teachers who are not aware of it. Actually, I (Yasuda) have 
made the same mistake! When I showed this demonstration to the other teacher, my mistake was 
corrected. Through this experience, we think the demonstrations should be confirmed by other 
teachers, as we proposed in the third statement of the characteristics of the distinguished 
demonstrations. 



SUMMARY & FUTURE WORK 
In this work, we developed a handbook of physics demonstrations to share among the faculty 

members in Nagoya U. In the handbook, we described the characteristics of the distinguished 
demonstrations and the effective teaching methods with the demonstrations. We also described  
several examples of physics demonstrations of masterpieces and our original demonstrations. 

Our work has the following significance. At first, in Japan, the faculty members in 
universities have not so often develop physics demonstrations collaboratively, let alone have 
paid attention to the effective teaching methods with the demonstrations. We accomplished 
these works from the dual-views, namely, from the physics researchers’ view and from the 
higher education researchers’ view.  

As future works, we have plans to improve our works quantitatively and qualitatively. In 
order to improve our work quantitatively, we will build a webpage to share the knowledge of 
demonstrations. With the webpage, we can update the contents easily, can upload the videos of 
the demonstrations, and a lot of teachers can access the contents easily. A webpage can connect 
more information than a handbook. 

In order to improve our work qualitatively, we will verify the statements we proposed in the 
know-how of physics demonstrations and evaluate the educational effectiveness of the 
demonstrations we picked in the examples of physics demonstrations. Because we described the 
handbook just on our experience and on the knowledge of literatures, we have to evaluate the 
authenticity of the statements and the effectiveness on a scientific ground. These kinds of studies 
are challenging studies which have been continued from the early twentieth century [14]. We 
think there are two big problems to be resolved. The first problem is what to use as a scale to 
evaluate the statements and the effectiveness. We need careful discussions whether we should 
use ordinary exam scores or physics concept scales like FCI [16]. Then, if we can determine the 
scale, there is a problem how to measure the scale in our classes, for example, how to conduct 
the control experiment.  

  
FIGURE 1.   Experiment of Feather Drop. 
We use a feather, a hard book, and an object 
whose motion can be compared to the motion 
of the feather. In this case, we use an 
Otedama, which is a traditional toy in Japan.  

FIGURE 2.  We can show that the feather on 
the book doesn’t fall down freely but is 
accelerated by the air pressure by pulling 
down the book with the acceleration more 
than the gravity acceleration. 



We will revise the handbook this year with newly accumulated knowledge, and more 
elaborated format. If the contents of handbook are improved to the enough level, we would like 
to open the contents all over the world. 
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