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Abstract 

The aim of the article is to give a short outline of the experiments with ferromagnetic materials 
in secondary grammar school. The experiments were realized by means of transformers, 
studying current and voltage in the primary and secondary coil. In the experiments we used 
conventional transformer core and special ferromagnetic materials as well. Students talented in 
science may realize derivation and integration by applying a different type of signals as input 
on the primary winding. 

1. Introduction 

It is a motivation for students interested in physics, when they enrich their knowledge by 
experiments. The students are looking for an explanation after the experiments, thereby 
expanding their understanding of the phenomena under investigation. 
There is no opportunity to study in details the operation of transformers or expand the 
knowledge of ferromagnetic materials in the regular curriculum. Students may acquire, 
however, greater familiarity with magnetism by making experiments with simple equipment. 
The differential and integral calculus is not included in secondary school curriculum. In despite 
of this, the mathematics study group should deal with these chapters because studies at the 
university start with these topics. It may be useful to link differential and integral calculus with 
physics by means of these experiments. 
Computers can be a great help to record and analyze measured data. In connection with the 
experiments described in the present paper students may also learn to write programs and use 
them for managing data. 

2. Experiments realized by using iron-core transformers  

The first group of experiments is realized by using traditional iron-core transformers. These 
transformers are available in the physics laboratory of every school. The modular transformer 
used in the experiments is shown in Figure 1. We are looking for the answers to the following 
questions: What is happening in the primary coil when we change the attributes of the iron 
core or when we connect a load to the terminal of the secondary coil? How do these changes 
influence the electric current in the primary coil and the voltage on the terminals of the 
secondary coil?  
 

 

 

 

 

 

Figure 1. Iron-core transformers used in the experiments. Open-core and closed-core 

transformers are shown on the left and right side of the picture respectively [2]. 



Physics Competitions Vol 13 No 1   2011 
 

50 

In the first experiment we measure the current intensity I1 in the primary coil in two different 
ways. The iron core is open or closed during the measurement. After the measurement we 
compare the results found in the two cases. Students come to the conclusion that the electric 
current in the primary coil is stronger in the case of the open-core transformer. The measured 
values are represented in the same graph as shown in Figure 2. The increase of the peak 
values is about 30%. 

Figure 2. The intensity I1 versus time graph in primary coil. Red and blue lines represent 

the measured values of open-core and closed-core experiments respectively. 

 
In the next experiment the voltage on the secondary coil is measured. We measure the voltage 
again in two different ways: with open-core and closed-core. The measured values are 
represented in the same graph in Figure 3. After having compared the measured values in this 
experiment students come to the conclusion that the voltage in the secondary coil is higher in 
case of the closed-core transformer. The increase of the peak values is about 800%. 

 
Figure 3. The voltage versus time graph in the secondary coil. Red and blue lines 

represent the measured values of the open-core and the closed-core experiments 

respectively. 
 
There was no load connected to the secondary coil in the previous experiments. The next 
experiment examines the influence of the load connected to the secondary coil. Figure 4 shows 
the graph of the primary current and the secondary voltage in the case of unloaded and 
loaded states respectively. We conclude that the load connected to the secondary coil 
decreases the secondary voltage and a significant phase shift is also observed. 
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Figure 4. Effect of the load connected to the secondary coil. Red line: current intensity in 

the primary coil. Blue line: voltage on the secondary coil without load. Green line: the 

same with load. 

 

3. Cross-curricular connections to mathematics 

Continuing experimentation we concentrate on cross-curricular connections to mathematics 
and computer science. Applying Faraday’s law of induction we find that the voltage U2 on the 
secondary coil is proportional to the derivative of the electric current I1 in the primary coil. 
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In the following experiments we apply three different excitations at the input of the primary 
coil: sinusoidal, triangle and square-wave current, and measure the electric current I1 in the 
primary coil and the voltage U2 on the secondary coil. Results are shown in Figure 5. The 
curves nicely demonstrate the concept of differentiation learned in mathematics. 

 

Figure 5. Demonstration of differentiation using transformers. Red line: current intensity 

in the primary coil. Blue line:  voltage on the secondary coil. Excitation signals applied to 

the primary coil, from left to right: sinusoidal, triangle and square-wave.  
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4. FINEMET instead of iron core 

In the following experiments we use a FINEMET ring instead of traditional iron core. FINEMET 
is a recently developed material with soft magnetic properties and nanocrystaline 
microstructure. It is an iron based alloy with small amounts of added Si, B, Cu and Nb. 
FINEMET magnets have low coercivity and they can be easily excited [3]. 

 

 

Figure 5. The hysteresis curve of the FINEMET material. The saturation is the state 

reached when increasing the external magnetizing field H cannot further increase the 

magnetization of the material, so the total magnetic flux density B levels off.  

The coercivity HC of a ferromagnetic material, also called the coercive field, is the 

intensity of the applied magnetic field required to restore zero magnetization from 

saturation. [1] The hysteresis curve shown in the figure was made in laboratory 

conditions. 

 
The transformer layout is used for this experiment. (Figure 6.) We examine the received 
response of FINEMET ring on excitation, that is, the relationship between the output voltage 
U2 and the magnetic field strength H at various frequencies. The magnetic field strength H is 
calculated from current intensity I1 measured in the primary coil. Results are shown in Figure 7. 
When the frequency is increased in the primary coil, the maximum voltage on the secondary 
coil also increases. Apparently, the material can be magnetized easier at higher frequencies. 
This is, however, not the case because the peak of the voltage is simultaneously shifted to 
higher values of the magnetic field intensity. The correct conclusion is that at higher 
frequencies higher magnetic field strength is required to reach the maximum voltage on the 
secondary coil. FINEMET core can be easily magnetized on lower frequencies. 

 

 

 

 

 

 

 

 

 

Figure 6. The transformer layout with FINEMET ring 
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Figure 7. Relationship between output voltage U2 and the magnetic field strength H at 

various frequencies.  

 
In Figure 8 we depicted U/f, the ratio the secondary voltage and the applied frequency as 
function of the magnetic field. The shift of the peak towards lower frequencies shows that the 
relation between the maximum of U and the frequency is not linear. 

 
Figure 8. The U/f ratio versus magnetic field intensity H 

5. Hysteresis curve – an alternative method 

The second cross-curricular connection to the mathematics and computer science is provided 
by the determination of the hysteresis curve of the FINEMET material by numerical 
integration. Students measure the current intensity I1 in the primary coil and the voltage U2 on 
the secondary coil. The magnetic field strength is calculated from I1. We get the hysteresis 
curve of the material by numerical integration of the secondary voltage over time. Students 
skilled in computer science can prepare a computer program for this integration or they can 
use the spreadsheet to solve the task. 
The calculated curves are shown in Figure 9. The figure shows that increasing the frequency of 
the excitation, the material reaches the magnetic saturation more slowly, and the coercive 
force appears to be larger. At decreasing frequency the calculated hysteresis curve of the 
material approaches the real static hysteresis curve of the material. 
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Figure 9. Hysteresis curves obtained by numerical integration at various frequencies.  

6. Experimental layout 

In course of the experimentation we used several experimental layouts.  
In the simplest arrangement we measured only the root-mean-square values (effective values) 
using conventional measuring instruments like amperemeter and voltmeter. In this case the 
temporal analysis of measured values is not possible, but no special technical knowledge is 
needed.  
A possibility for temporal analysis is provided by the use of an oscilloscope. The time-
dependence of measured values can be followed on the screen of the oscilloscope. A 
disadvantage of this type of measuring is the fact that oscilloscopes are rarely available in 
schools. 
The most preferable experimental layout is computer-aided measuring. The benefit of this 
experimental layout is that students are motivated by computerized measurement. 
Another advantage is that a quantitative temporal analysis of measured values is possible and 
the measured values can be saved in a file for later processing. In our school we used a 
Coachlab II+ digital-analog converter and Coach 6 software.  

7. Conclusions 

According to our experience, some preparation of interactive teaching materials is needed for 
effective implementation of these experiments in secondary grammar schools. These materials 
will help students to get acquainted with experimental tools, equipment and the theoretical 
principles before the actual implementation. Tests helping students to check their 
understanding are essential constituents of these interactive teaching materials.  
The experiments outlined in this paper can be realized without using expensive equipment. 
They are equally appropriate for class-room demonstration and for students’ experiments in 
optional courses.  We are convinced that performing these experiments and analyzing the 
obtained results will enrich the knowledge of science and technology oriented students in 
mathematics, physics and computer science. 
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