SUPLEMENTARY MATERIAL

Transfer distortions of acoustic emission signals - power relations between the signal parameters and normalized temporal shapes of avalanches

Asmaa A. Azim1,2, Dezső L. Beke1*, László Z. Tóth1, Lajos Daróczi1,
1 Department of Solid State Physics, Doctoral School of Physics, University of Debrecen,
P.O. Box 2, H-4010 Debrecen, Hungary,
2 Physics Department, Faculty of Science Ain Shams University, Abbassia, Cairo 11566, Egypt.
* Correspondence: dbeke@science.unideb.hu

Simple model of a driven damped harmonic oscillator has been used:
		              	,				        (S1)
which can be rewritten into the form		
.				(S2)
Here   and  have their usual meaning: , and  denote the mass, the spring constant and the damping coefficient, respectively.  is the frequency of the harmonic oscillator for   and , when the solution of (S2) has the form  .  is the so-called attenuation factor (see also below). In (S1) and (S2) the   “driving force” term arises from the acoustic emission source. Since 
			 				(S3)
 gives the average local stain rate (interface velocity in a model of moving interface in an elastic medium with pinning points), should be the integral of (S3) (with  and with the introduction of  and  (see in the main text (7) and (8)) i.e.     
	(S4)
It can be seen that  is characterized by two input parameters  and . In addition, since they are interrelated with  in MFT (i.e. ), what we use here, only one of them is an independent parameter. As it is well-known, searching for the solutions of the damped oscillator (for ) in the form of leads to     
	                                   	, 	        				(S5)
the solution of which is 	 
       ,				(S6)
where   and  is the damping ratio. Depending on the value of  three cases are possible: i)  (critically damped), ii)   (overdamped) and iii)  (underdamped). Since in the first two cases the solutions are exponentially damping function without oscillations (e.g. in case i) the system returns to steady state as quickly as possible with attenuation time, , i.e.  ) and the shape of the detected signal contains damped oscillations (see also Fig.1 in the main text), we are interested in solutions of type iii). The general solution of eqn. (S2) (for  and for ) can be given in the form
							(S7)
i.e. the frequency is given by  and the exponential decay is described bya.
Simple analytical solutions of (S2) exist only for constant or sinusoidal driving force. Thus, we needed numerical solutions. The amplitude, , and the corresponding time, , from the numerical solutions as the function of the parameter  for fixed values of   and  were calculated. The obtained solution,  as the output, will create a voltage signal in the AE sensor, which is proportional to Thus, the amplitude and the corresponding time of the detected AE signal, denoted by  and  (rising time) will belong to the maximum of . The choice of the parameter  is supported by the well-known qualitative arguments for the distortions of AE signals [1,2,3,4]: is it expected that these effects are negligible for  and will dominate for  . Regarding the experimental values for as well as for  the result of [5] and [6] can be used. In the supplement of [5], from experiments of AE in BaTiO3, about  as well as in [6], for plastic deformation of Sn,  was published. On the other hand for the  the range 104-107 Hz was given (it depends on the elastic properties of the sample) while from Fig.7 of [6]  can be taken. In the calculations   and  as well as three fixed values of  (, and ) were be used.  Figures S1 illustrates that changing the above parameters had only minor effect on the shapes shown in Figure 1 of the main text (calculated for , ).
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Figure S1.  as well as  versus  (a) and b)), respectively for  and 
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