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Abstract: It is known that when a signal, x(t),  of a particular frequency is passed through a nonlinear 
system, the output of the system consists of not only the input frequency (f1), but also its harmonics (f2 
= 2*f1, f3 = 3*f1, f4 = 4*f1, and so on). The number of harmonics, and their corresponding 
amplitudes, that are generated depends on the degree of nonlinearity of the system. In general, the 
more the nonlinearity, the higher the harmonics, and vice versa. The present work investigates by a  
noncontact  technique, the acoustic behavior of a  ferromagnetic rod,  during the first magnetization 
process, with the aim to connect the harmonic distortion spectrum with the  nonlinearity of the first  
magnetostriction curve. 

 
 
 
 
1. INTRODUCTION  
 
 The problem of the sound propagation in 
elastic ferromagnetic media must be connected to 
the magnetic behavior of the medium [1]. It is 
known that such media are described from the 
magnetic point of view by the histeresis and the 
shape of the histeresis depends on the 
magnetization processes. There are two important 
processes which realize the magnetization of the 
ferromagnetic samples: the wall movement process 
and the rotation of the magnetization. 
 
  When the magnetization is rotated by a 
magnetic field, there will be a change in the 
dimensions of the sample, typically of relative 

order of 510− . This phenomenon called 
magnetostriction, provides a coupling of the 
magnetization vector with the lattice and can 
transfer magnetic energy to the heat bath.   
Another phenomenon which can not be ignored is 
the magnetocristallyne anisotropy. In the case of 
crystals with uniaxial symmetry the density of the 
energy due to magnetic anisotropy is given by 
 

 2
1 sinkW K θ= ⋅  (1) 

 
For a cubic crystal the density of the energy due to 
magnetic anisotropy is: 
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with 1 2 3, ,α α α  the direction cosines between the 
magnetization of the sample and the easy 
directions of the magnetization process represented 
by the cube edges.  
The connection between elastic strain and the 
direction of the magnetization introduce in the total 
density of energy a term of the form: 
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where 1 2,B B  are the magnetoelastic coupling 
constants. 
In a first approximation is possible to approximate 
(3) by: 
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⎝ ⎠
 (4) 

 
so for a cubic crystal the whole energy density can 
be approximated by: 
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where we considered also the purely elastic energy 
and the possible existing of a stress 0σ . 
The stable value of ε  and of the energy can now 
be found by minimizing (5). This gives: 
 

 20 3(1 sin )
2me

C
σ

λ θ= + −  (6) 

 
and  
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In the equations (6) and (7) the term  
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represents magnetostriction λ . The total strain (6) 
consists of the regular strain due to stress 0σ  and a 
strain due to the magnetization which depends on 
the magnetostriction [2]. 
 The magnetostriction depends on the 
magnetization and the magnetization depends on 
the magnetic field inside the sample. The 
magnetostriction shows a nonlinear behavior 
versus magnetic field, and therefore when we study 
the wave propagation inside ferromagnetic samples 
is necessary to take into consideration this 
nonlinear behavior. From experiments, we can 
observe that the curve of the magnetostriction can 
be fitted by regions with strong nonlinearity and 
regions with weak nonlinearity. When we study the 
elastic wave propagation inside such sample, the 
output signal is obtained by the product between 
the transfer matrix of the finite medium and the 
displacements of the implied waves[3],[4]. The 
transfer matrix contains combinations of the 
acoustic impedances of the ferromagnetic medium 
and of the outside medium. Because the 
ferromagnetic medium has a nonlinear behavior, 
the matrix is also nonlinear. The process of the 
sound propagation in such media is very 
complicated and was solved only in some 
particular cases. 
 It is possible to estimate the nonlinearity 
from the sound propagation measurements, by 
considering the ferromagnetic sample as a 
nonlinear system [7].  From the theory of  
nonlinear systems we know that if we inject a 
monochromatic signal in such sample, the output 

signal will contain also a number of harmonics and 
the more  the nonlinearity means the higher 
number of harmonics and vice-versa. 
 
2. EXPERIMENTAL SETUP 
 
 We studied the output signal 
corresponding to an acoustic signal  injected into 
ferromagnetic sample. The monochromatic signal 
was produced using transducers with 
magnetostriction connected to a linear power 
amplifier. The input signal of the linear power 
amplifier was obtained from a calibrated sinusoidal 
signal generator. The output signal, representing 
the velocity of the elastic signal, was measured 
using a noncontact method which implies a 
Doppler Interferometer Velocity Transducer 
(Bruel&Kjaer) connected to a low noise 
preamplifier and an external acquisition board with 
16 bits analog to digital conversion. The 
acquisition signal was saved in ASCII files, filtered 
and  computer analyzed. The samples consisting in 
ferromagnetic polycrystalline rods, were placed in 
magnetic field created inside the magnetic coils, 
where the sample was central placed using hairline 
yarns [6]. The magnetic field inside the coils was 
controlled by an adjusting calibrated current 
source. 
 
3. NONLINEARITY ANALYSIS 
 
 To estimate the nonlinearity we used two 
methods.  
The first method consists in the Total Harmonic 
Distorsion Analysis (THD) and is an analysis in 
the frequency domain. To determine the amount of 
nonlinear distorsion we need to measure the 
amplitude and the frequency of the fundamental 
and of the harmonics when in the sample is 
injected a monochromatic signal 
( ) ( )1exp 2x t A i f tπ= . By definition : 
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with nA  the corresponding amplitudes of the 
output signal: 
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In the Figure 1 we plotted the THD versus the 
electric curent intensity in the magnetization coil. 
The second method is an extension of the THD 
Method , based on the energy conservation. If the 
input energy is distributed on the harmonics, the 
decreasing of the first amplitude is an indication of 
the dispersal of the energy on the others. The 
change of the amplitude of the fundamental 
frequency is illustrated in Figure 2. 
 

 
Figure 1. THD versus intensity of electric current in the 
magnetization coil 
 
 

 
Figure 2. Amplitude of the fundamental frequency 
versus intensity of the electric current from the 
magnetization coil 
 
 
 For estimation of the nonlinearity, we 
consider ( )y t  as a function of ( )x t , with a 
nonlinear second order term: 
 

 ( ) ( ) ( )2 ...y t a x t b x t= ⋅ + ⋅ +  (11) 
 
The two factors a  and b  above have been 
estimated and found to vary with I . The factor a  
varies very slow with I  and is 1a ≈ , while b  
varies strongly with I  as can be seen in Figure 3. 
This factor has been fitted with a second degree 

polynomial. Its right tail is not significant because 
of the high relative deviation in that part. 
 

 
Figure 3. The variation of the coefficient of second 
order dependence of the nonlinearity 
 
 
4. CONCLUSIONS 
 
 If we consider now the measured 
magnetostriction versus magnetic field, given in 
Figure 4, is important to observe that this variation 
contain two regions with strong nonlinearity: first 
region appear between 0.4-0.6 T and the second is 
between 1.2-1.4 T. 
 

 
Figure 4. The magnetostriction of the sample versus 
magnetic field 
 
By spectral analysis of Fourier components, using 
THD and first frequency amplitude decreasing, 
illustrated in Figure 1 and Figure 2, we observe 
that also THD such as first frequency tend to have 
a minimum value in two regions of the intensity of 
the electric current from the magnetization coil. By 
inspection of the value of the magnetic field B(T) 
from the magnetization coil in which appear the 
minimum of the THD, is possible to connect these 
values with the regions where magnetostriction has 
strong nonlinearity on his variation versus 
magnetic field. 
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