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Abstract 
In this study certain suitable-relevant operational – reference parameters of micromagnetic emission are introduced by which 

the obtained experimental data may quite practically and easily be compared and monitored. As such, by using a pulse-height 
distribution (PHD) - integration measuring technique, it was possible to construct, in advance, the presumed initial form of PHD 
function related to the material. Based on this fact, a correlated power-height distribution (WHD) function was proposed. These 
functions have helped to introduce certain useful micromagnetic intensity parameters and relationships, by which, finally, the 
experimental results could conveniently be analyzed and discussed. In this way, it was possible to demonstrate that the obtained 
findings, concerning the influence on the material of plastic deformation and certain physico-chemical factors, such as hydrogen 
accumulation and isothermal heating, are in reasonable agreement with related findings in the existing literature. For instance, 
plastic deformation, under certain given conditions, may increase or decrease the measured micromagnetic activity. Hydrogen 
accumulation due to its peculiar mechanisms, tends to reduce the micromagnetic activity, while isothermal heating, due to its 
segregation phenomena, also reduces the activity. Both factors lead to a magnetic hardening as well as embrittlement of steel.
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Introduction

There are inseparable connections between degradation of me-
chanical and microscopical integrity and properties of material re-
lated to their applications on several industrial fields. Material deg-
radation, in general, is a crucial, inherent problem in every kind of 
industrial praxis. Therefore, the investigations of reasons for deg-
radation lead to the development of possibilities for suitable pre-
vention and protection attempts, which would be very important 
for each industrial society. In other words, the characterization and  

 
+evaluation of material degradation by non-destructive techniques 
should play a strong demand in all kinds of industries. For

instance, the investigation of environmental degradation fac-
tors, such as hydrogen-induced stress corrosion cracking (ca-
thodic stress corrosion), and embrittlement is of a prime interest 
[1-10]. Particularly, endangered are weldments in vessels and tub-
ing’s under high pressure and oil environments, where in–service 
loading favors the stress corrosion cracking phenomena. With re-
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spect to this, it is mentioned that non-destructive micromagnetic 
techniques, such as Micromagnetic Barkhausen Emission (Noise), 
(MBE), react with respectable sensitivity to active on-load and re-
sidual (passive) stress gradient changes [9,11-14].

In this aspect, the dynamics of domain wall motion and conse-
quently the nature of MBE are sensitive to various microstructural 
features such as grain size und boundaries, density and distribution 
of dislocation arrays, precipitations, stress gradients and microc-
racking [15-20]. This sensitivity makes the MBE-technique a prime 
candidate for assessing the mechanical degradation conditions. 
However, because of the large number of influential factors and 
variables, this technique produces only very relative comparisons 
between different material states. Moreover, in most MBE-mea-
surements a single parameter is obtained from each signal enve-
lope, e.g. peak height, peak position (location), root-mean-square-

(r.m.s) voltage, count rate etc. While these parameters are useful 
for various correlations, they are limited in that that may seriously 
obscure many crucial information necessary for a correct interpre-
tation of data.

Today, despite extensive research in the field of deformation 
and corrosion – induced degradation of materials microstructural 
magnetic and mechanical integrity, a full understanding of the re-
lated phenomena is not yet possible. In view of all the above men-
tioned, the present work reflects a further attempt of those made 
by the authors in previous studies [21-25], for a comprehensive and 
analytical characterization of a mild steel, concerning its micromag-
netic emission response to various mechanical and physico-chem-
ical influential factors. For this reason, certain suitable operational 
micromagnetic parameters are introduced, by which the obtained 
experimental data may conveniently be monitored and discussed.

Figure 1: Block diagram of Micromagnetic Barkhausen Emission setup.

Figure 2: Sketch of the integration measuring pulse height distribution procedure, where ( )N I
V  is the discrimination measuring and ( )II

VN   the 
numerically evaluated part (arrow indicates the detection measuring direction).
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Experimental

The investigated specimens, of a low-carbon steel, were sub-
jected to various kinds of microstructural degradations. Firstly, me-
chanical degradation was introduced by on-load, as well as off-load, 
plastic deformations. Secondly, the physicochemical degradation 
was introduced by two distinct factors: hydrogen accumulation in 
NaCl-water solution as well as isothermal heating in air. More de-
tails about the respective specimen preparation may be found in 
[21-25]. The specimens were magnetized using a U-shaped elec-
tromagnet head, which was attached to the specimens. Barkhau-
sen emission was detected by using a search coil with 4000 turns 
wound around a ferrite core. A function generator producing a 10 
Hz-oscillating triangular wave form was used to exit the search coil 
of the pic-up probe. Only voltages higher than a selected threshold 
of ± 20 mV were taken for Barkhausen analysis. The output of the 
detector was fed to a pre-amplifier of a gain of 2000, and through 
a respective band-pass filter (1-100 kHz). Data were collected and 
analyzed on a PC digital oscilloscope board. It is pointed out that 
the amplitude or strength of magnetic field sweep was chosen suit-
ably high enough, in order to be able to take the specimen from up-
per limit to lower limit of magnetic saturation, i.e. from +65 Oe to 
-65 Oe. In Figure 1, the basic principle of Barkhausen set-up of the 
present measurements is demonstrated. Furthermore, in Figure 2, 
the essential of integration measuring principle of the presumed 
PHD is shown. Here it is:
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It should be pointed out that the experimental determination of 
the limiting voltage, limV





 is coupled with considerable uncertain-
ties and consequently we prefer to use the integrated part, ( )II

VN , 
of the PHD, as shown in Figure 3. As explained in [26] and in view 
of the afore-mentioned, it is noted that the presented experimental 
PHD integration measuring technique reflects several advantages 
over the common differential measuring set-up technique of the 
basic PHD determination. Consequently, this was one of the main 
reasons for using the first technique. This technique consisted, in 
short, in the following procedure: the counter (energy) measuring 
module of Barkhausen apparatus was set to work as an energy dis-
criminator or screening factor. As such, it is used to select and trans-
mit the counts (pulses) within a predetermined voltage range for 
further processing. This was achieved by selecting variable sets of 
threshold base line voltage or energy discrimination levels.

Figure 3: Sketch of the resulting integrated pulse height distribution, where N0 is the initially total measured number of counts, ( )II
VN   is 

evaluated, and ( )N I
V

  is measured.

Theoretical Consideration

As mentioned earlier, the scope of the present operational study 
is to try to establish certain relationships of basic physical reference 
states of micromagnetic activity by which the experimental data, 
obtained by MBE measurements, can practically and conveniently 

be compared and analyzed. One of such a state may be expressed 
by the PHD function which can theoretically be presumed and ap-
proached by the trial-and error estimation procedure given in more 
details in Appendix-A. Thereafter, the proposed- presumed – initial 
PHD function results to be of the form:
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32 .a V
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(3)

After a closed-form integration of this function, one obtains:
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Thus, as explained in the experimental section by Figure 2 and 
Figure 3 and also in Appendix A, the related experimental data ob-
tained by a PHD-integration measuring procedure, were best used 
for fitting the function (4) for the evaluation of the constants A and 
a, needed in function (3) .The second proposed reference function

results to be, as shown in Figure 2 and Appendix-A, a pow-
er-height distribution of the form:

                   
( )2 2

V V VW m V n Vµ= ⋅ = ⋅ ⋅
                               

(5)

Here mV=μV∙nV is the total-effective mass of domain walls mov-
ing with the same velocity determined by its associated voltage V . 
Furthermore, it can be assumed that μV may express the effective 

mass of the individual domain walls moving with the same velocity 
also determined by its related voltage V. Now, based on the above 
introduced reference functions (3) and (4) we may define a con-
crete – reference state, [ ]max max,n W , of comparison in which a max-
imum degree of intensity of micromagnetic activity prevails. In this 
state, nmax is the maximum (peak) value of the nV function of PHD, 
while Wmax, the maximum (peak) of the WV function of power-height 
distribution (WHD). In other words, one can argue that in this refer-
ence state a maximum number of domain walls, moving at a given 
instant time with the same velocity, should contribute, at the same 
instant time, to the maximum power of the micromagnetic activity.

Furthermore, as shown in Figure 4 and Figure 5, we can now 
define a critical-finite changeover voltage range 

( ) ( )
max max

W nV V V∆ = −
, in which related changeover deviations from the reference 
state, [ ]max max,n W , may occur. Related to this, it can easily be 
shown that ( ) ( )

max max
W nV V>  (see Appendix C). These deviations are 

in form of 

( )
max max

wn n n∆ = −  and 

( )
max max

nW W W∆ = − . Here, 
( )( ) ( )

max max
W W

Vn n V= , where ( )
max
Wn  is equal to the maximum value 

(peak) of distribution function nV at voltage location V= ( )
max

nV  and 
similarly ( )( ) ( )

max max
n n

VW V W= . One may also reasonably assume that 
within the finite changeover Range V∆ , the total domain wall mass 
may change as given by:

Figure 4: Sketch of the pulse-height distribution related to its changeover reference state of maximum pulse height (nmax).
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Figure 5: Sketch of the power-height distribution related to its changeover reference state of maximum power height (Wmax).
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and further that:
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This means that, within the finite changeover range V∆ , 
the rate of change of the effective mass μV, of the  individual do-
main walls should be negligible compared to the rate of change 
of the corresponding number of domain walls, nV. Consequently, 

( ).  ,  V V Vm const n constµ= ⋅ = .

Results and Discussion

By means of the obtained experimental data and introduced re-
lationships, we have calculated certain useful specific parameters, 
shown as follows:
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Based on these parameters, one can postulate as follows: a re-
duction (or an increase) in the changeover range V∆ imposes an 
analogical reduction (or increase) in the peak height (maximum), 
as well as peak position, value of the related distribution. Further-
more, one can easily see that for V∆ →0, follows: n∆ →0, W∆ →0, 
Wmax→0, nmax→0, Vmax (W) →0 and Vmax (n)→0. From the view of ther-
modynamic equilibrium, this would mean, perhaps, that the crit-
ical reference state [ ]max max,n W , under these conditions, is not 
attainable. Consequently, the proposed changeover voltage range 
V∆ could be used as a useful measure of changes in the intensity of 

micromagnetic activity. This fact is described schematically in the 
crucial Figure 6, where a reduction (or increase) in the V∆ , tends 
to shift the peak height, as well as peak location, of both distribu-
tions to lower (or higher) values. Thus, this behavior imposes an 
associated reduction or (increase) in the micromagnetic activity in 
the material.

In Figure 7, the results obtained for on-load, tensile-active 
plastic deformation are presented. Here, an increase in the plastic 
deformation causes a continuous increase in the evaluated change-
over range V∆ . According to Figure 6, this means that plastic 
deformation tends to stimulate an increase in the micromagnetic 
activity – intensity of steel. This fact, primarily, seems to be con-
sistent with other findings [21-25], where micromagnetic activity, 
expressed by a proposed specific parameter, J, increases with on-
load plastic deformation. At this place it should be mentioned that 
this interesting parameter would reflect a specific energetic nature 
of micromagnetic activity and as such, seems to be almost indepen-
dent of the given experimental conditions such as of specimen ge-
ometry electronic-gain setting, the so-called lift-off effects of mea-
suring electromagnetic pick-up and others [15, 21-25] (more about 
this parameter in Appendix-B).
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Figure 6: Sketch of the shift of maximum pulse-height distribution related to the reference state of maximum power height (Wmax).

Figure 7: The influence of on-load plastic deformation on the changeover range.

The above results are also substantiated by findings given in 
[6,11], where micromagnetic activity, expressed by the measured 
MBE-energy as well as count rate, increases with active plastic de-
formation. In fact, an applied stress implies that it is energetically 
favorable, the domain magnetizations, to lie along a cubic easy axis 
that is closer to the direction of applied stress. At the same time 
plastic strain produced directional order of dislocation slip results 
in a complete domain reorganization in the local micromagnetic 
system. This results in a magnetic stress anisotropy, close to the di-
rection of applied stress. This would lead to an increase in the MBE.

In Figure 8, the tensile, off-load, behavior of passive plastic 

deformation is presented. Here, in contrast to the Figure 7, an in-
crease in the evaluated changeover range followed by a decrease 
is observed. According to Figure 6, this should be related to an 
increase and a decrease in the MBE. This seems to be consistent 
with the findings in [13,19], but in contradiction with other ones 
[14], where a continuous decrease of the MBE is observed. It should 
be noted that in all these reported studies, different metallurgical 
samples have been used so that a direct and, more or less, correct 
comparison of their results is not possible. Nevertheless, we would 
agree with the first mentioned findings, where the given explana-
tions are more convincing. Thus, any changes in the MBE should 
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be explained on the basis of changes in the resultant magnetic 
easy axis due to plastic deformation. In turn, these changes may 
determine the stress- induced macroscopic magnetic anisotropy. 
In polycrystalline materials, however, the produced magnetic an-
isotropy is rather complicated due to the complex interactions be-
tween multiple slip order systems and dislocation arrays. As such, 
it is not easy to predict the resultant easy axis in these materials. 
Furthermore, it is well known that if a material is unloaded after 
tensile plastic deformation, this material experiences residual com-
pressive stresses in the direction of previous deformation [13,19]. 
These stresses tend to produce an easy axis perpendicular to the 
direction of previous tensile deformation. This phenomenon leads 
to a decrease in the MBE, which, according to Figure 6, is evidentiat-
ed by an associated decrease in the V∆ . Consequently, the MBE in 
plastically strained samples, after unloading, will be generally de-

pendent on magnetic anisotropy due to residual stresses  caused on 
plastic straining. Actually, this anisotropy would be superimposed 
on the above-mentioned slip order-induced anisotropy, giving so a 
dual anisotropy and hence very complex mechanisms of magnetic 
easy axis changes. Thereafter, the findings in Figure 8, suggest that 
at low deformation (5%), there is a change in the mechanisms re-
lated to the resultant magnetic anisotropy. This would mean that 
on straining up to 5%, the resultant easy axis shifted towards the 
prior tensile axis, which means that slip-order mechanism of an-
isotropy is dominating in increasing the activity. However, beyond 
this strain, mechanisms of residual-compressive stress-controlled 
anisotropy. This would decrease the intensity of micromagnetic ac-
tivity in the material, which dominates in shifting the anisotropy 
axis towards a direction perpendicular to prior stress axis.

Figure 8: The influence of off-load plastic deformation on the changeover range.

Based on the earlier mentioned, Figure 9 clearly indicates the 
occurrence of multiple changes in form of maximum and minimum 
of V∆ – range due to magnetic anisotropy, induced by plastic de-
formation on rolling. The mechanism of anisotropy formation on 
rolling, is rather very complicated due to the very complex interac-
tions between crystallographic multiple shear slip systems caused 
by the combined effect of compression and tensile deformations. 
Thus, rolling produces more intricate textures and fixes not only a 
direction parallel to the rolling directions, but also a crystal plane 
parallel to the plane of rolling. The complex deformation on rolling 
can be conditionally represented as a result of tension along the 
rolling axis and of compression in a direction normal to the surface 
of specimen. In this context, the number of possible slip systems is 
large, especially in steels, so that more than one orientation usual-
ly forms on rolling, i.e. all crystallites are divided in a few groups, 
each of particular orientation. As such, one of these orientations 

may occur more often than others, and thus the associated group 
may include a large quantity of deformed crystallites. From the 
above-mentioned, one can deduce how difficult may be a correct 
explanation of results in Figure 9. Thus, only a simple qualitative 
explanation could be given. Consequently, in Figure 9, the strong 
interplay between the residual (compression) stress-induced mag-
netic anisotropy and that induced slip order may be evidentiated. 
At 12% thickness reduction, the first kind of magnetic anisotropy 
dominates, fact which according to Figure 6, a minimum of activ-
ity is produced. At 35% thickness reduction, the second kind is 
strongly dominating, giving so, according to Figure 6, a peak-max-
imum in the micromagnetic activity-intensity. It is noted that mul-
tiple changes in the magnetic anisotropy on rolling have also been 
demonstrated by means of angular distribution measurements of 
MBE in function of the angle with respect to the axis of prior ap-
plied stress [20].
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Figure 9: The influence of rolling thickness reduction on changeover range.

Figure 10: The influence of the hydrogen accumulation on the changeover range.

In Figure 10 and Figure 11, the results obtained for specimens, 
subjected to hydrogen and isothermal heating induced structur-
al degradation are presented. Thus, in both figures and according 
to Figure 6, a continuous decrease in the measured changeover 
range in micromagnetic intensity with increasing time of degrada-
tion can be observed. These findings are in reasonable agreement 
with those given and explained in [21-25] by means of the domain 
wall motion – coupled specific-energetic parameter J (see Appen-
dix-B). Thus, the present results may not be explained on the ba-
sis of stress induced magnetic anisotropy, but rather by means of 

domain wall dynamics, i.e., jumping events between pinning sites 
of domain walls. In the above cited studies, the hydrogen influence 
is explained on the basis of localized, combined-opposite effects of 
hydrogen accumulation, such as stress relief and void coalescence 
[1]. The first effect favors a decrease in the pinning strength and 
hence an increase in the intensity of domain wall motion, while the 
second one a decrease in the intensity by increasing the number 
of pinning sites. The resulting net effect is related to an associat-
ed reduction in the specific energetic parameter J and hence in the 
micromagnetic activity. In Figure 11, the results concerning the 
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specimens-subjected to isothermal heating at 440℃ are presented. 
Thus, similarly, to Figure 10 and according to Figure 6, a continuous 
decrease in the evaluated changeover range in the micromagnetic 
intensity, can also be observed. The net effect of segregation phe-
nomena of impurities causes a reduction in the J-parameter [25]. In 
this context, the microstructural degradation may be explained on 
the basis of domain wall dynamics. Segregation with temper time 

by most potent embrittling impurities, elements such as phospho-
rus, tin and arsenic, may increase the strength and number of pin-
ning sites, thus impending the domain wall motion. Consequently, 
the degradation degree would be reflected by a reduction in the mi-
cromagnetic activity, fact connected with a magnetic hardening as 
well as a temper embrittlement of steel.

Figure 11: The influence of isothermal heating on the changeover range.
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Figure 12: Integrated PHD- function best fitted to the calculated count number ( )II
VN  , for (a) n=1 and (b) n=2.
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                                                                                                      (b)
Figure 13: Presumed- initial PHD- function constructed for n=1 (a) and n=2 (b) by best-fit procedure to data in [27].

Conclusion

The proposed operational analysis and evaluation technique 
seems to show a convenient way in which the micromagnetic chang-
es in a steel, under the influence of certain factors, can reasonably 
be monitored, compared, and explained. The introduced parame-
ters and relationships of analytical comparison, such as changeover 
voltage range and distribution functions, seem to be quite sensitive 
to the related changes of micromagnetic emission-activity. In this 
manner, one can show that on-load, active, tensile plastic deforma-
tion, due to applied stresses, leads to an increase, while off-load 
plastic deformation, due to residual stresses, leads to a decrease, 
followed by a continuous decrease in the micromagnetic activity 
intensity. These findings are explained on the basis of stress-in-
duced magnetic anisotropy effects. Rolling deformation seems to 
produce quite large and multiple changes in the resultant magnetic 
anisotropy. Physico chemical degradation factors such as hydrogen 
accumulation, due to its peculiar, highly localized - microscopic 
effects, tend to reduce the micromagnetic emission activity, while 
isothermal heating, due to related segregation phenomena, tends 
to reduce this activity. The influence of the physico – chemical fac-
tors is explained on the basis of a domain wall dynamics –related to 
the specific J–parameter. All the above results, seem to be in good 
agreement with other related ones, found in the existing literature.

Appendix-A

As earlier mentioned, it is suggested to try to find as much as 

possible a pressured-simple function which may optimally in ad-
vance, describe the basic pulse – height-distribution (PHD) of the 
steel, usually obtained by the

common differential measuring set up procedure. The pre-
sumed function was found by means of an integrated PHD obtained 
by an experimental integration measuring procedure. Obviously, 
such a function should easily be manipulated by a closed-form inte-
gration and as such we a general expression of the form:

                            
1

n
nn V

V A V e e α +− ⋅= ⋅ ⋅                                   
 (A1)

By setting 1V  and (n+1) Vn nZ dV dZ+ = ⋅ = , one can easily ob-
tain the integrated form of PHD as given by:

( ) ( )1

0

n 1
1

n
V

V
V

AdV e
n

α

α
+− ⋅= ⋅ −

⋅ +∫
      (A2)

Thus, for n=1,2,3…, we try to find the best approach of this func-
tion to the experimental data as given by: ( )

0

N n
V

II
V V dV= ∫ , where ( )N II

V

is the numerically calculated part of the integrated form of PHD, i.e. 
( )N II
V =N0−

( )N I
V . As shown in Figure 2 and explained in the experi-

mental section of this study, ( )N I
V is the experimentally measured 

integrated part of the PHD and ( )N II
V  the calculated part. For sake 

of consistency, we try to present some indicative examples of best 
fit procedure for the optimal function. Thus, Figure 12 shows the 
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best fitted integrated function ( )N II
V , for n=1 and n=2. Figure 13, 

shows the presumed initial PHD function (A1), tested by best fit-
ting procedure to data given in [27]. One can easily observe that 
both functions describe much better the regions close to the maxi-
mum (peak) of the distribution, compared to the tail regions. Nev-
ertheless, the function with n=2, shows an improved behavior. In 
this aspect, one may demonstrate that functions with n≥3, do not 
contribute substantially to such an improvement. Consequently, it 
is suggested to finally choose the function with n=2, for the related 
approximations of this study. This is because the maximum value of 
the function as well as the position of this maximum are needed for 
the calculation of the basic parameters.

Furthermore, in this aspect we introduce a power – height dis-
tribution (WHD)-function as given by:

                        ( ) ( )2 2WV V V Vm V n Vµ= ⋅ = ⋅ ⋅
                          

 (A3)

with mV=μV∙nV, as effective total mass of all the domain walls 
moving within a given changeover voltage interval, 

V∆  and with-
in the Δ∂ velocity, expressed through voltage V. Furthermore, μV is 
defined as the effective mass of an individual domain wall moving 
within the given intervals (range) 

V∆  and Δ∂. Thereafter, due to 
the simplicity of the proposed functional approaches, one can easily 
find for the basic needed parameters:

      

1 1
3 3( ) ( )

max max
4 2V   and   V  

3 3
W n

a a
   = =   ⋅ ⋅                

 (A4)

As such, one can easily calculate the required basic parameters 
as given by:

                           
( )( ) ( )

max maxn VW W
Vn V= =

                                 (Aa)

                           
( )( )

max maxn V n
Vn V= =

                                  
(Ab)

                          
( )( ) ( )

max maxW Vn n
VW V= =

                                     (Ac)

                  
( )( )

max maxW V W
VW V= =

                                        (Ad)

It follows:  ( )
max maxn W

Vn n∆ = −  and  ( )
max maxW n

V VW Wµ  ∆ = ⋅ − 

Appendix-B

For sake of completeness and consistency concerning the men-
tioned domain wall coupled J parameter, it should be added that 
the total work of domain wall done against pinning forces would 
be proportional to the change in the magnetization. In turn, pin-
ning forces may act against irreversible rotation, jump and bulging 
motions. Consequently, the total induced rms-voltage signal, for a 
given time period, consists of three basic distinct parts: (1)Vrms , due 
to jump event rate N1; (2)Vrms , due to rotation event rate N2 and (3)Vrms , 
due to bulging-controlled event rate N3. By the way, it is noted that 

an important parameter commonly used is the event energy. This is 
proportional to the square of signal amplitude and hence provides 
a weightage to strong events. As such, the root-mean–square volt-
age (r.m.s.) is closely related to the energy rate of the activity.

Thus, with progressive plastic deformation the partial contri-
bution of rotation and bulging type signals to the total signal in-
creases, because of the production of high density of dislocation 
tangles, mostly within the nodal walls – sites of forming cell net-
work. This fact leads to an increase in the pinning forces at these 
sites and hence to a temporarily strong immobilization of domain 
walls. As such, an increasing part of magnetization is forced to oc-
cur by rotation and bulging-controlled events. Thereafter, one can 
reasonably assume that (1) (2) (3)

1 2 3V V V  and ?rms rms rms N N N> > + + =  
total count rate. Further, one can put:

 

     

(1) (2) (3)
* * * *
1 2 3

1 2 3

V V Vrms rms rms J J J J
N N N

+ + = + + =
               

(C1)

and similarly:

      

(1) (2) (3)

1 2 3
V V Vrms rms rms J J J J
N N N

+ + = + + =
                 

 (C2)

From these relationships, one can obviously obtain:

    
( )* * and hence , 1, 2,3i iJ J J J i> > =

                  (C3)

These findings would mean that the specific parameter J, men-
tioned in this study and proposed and used in  the cited ones, should 
in reality represent a lower limiting value of an “inherent”, “hidden”, 
specific energetic parameter J*. In other words, the latter param-
eter seems to reflect an optimally averaged energetic value lying 
closer to the existing true one. By the way, it should also be men-
tioned that both of the above discussed specific parameters exhibit 
the interesting properties of being almost independent of various 
measuring pic-up conditions and specimen geometry [15, 21-27].

Appendix-C

One can differentiate as follows:

( )'' 2 2W 2v
v v v

dW V n V n V
dV

= = ⋅ = ⋅ ⋅ +  and 
'n tanv v= ∝ , which 

is the slope of WV in function of slope angle v∝ .

It follows:

( ) ( ) ( )2' ( ) ( ) ( ) ' ( ) ( )
max max max max max maxW V 2 V V n V 2 Vn n n n n

v vn= ⋅ ⋅ + ⋅ = ⋅
, 

where

 ( )' ( )
max maxn V 0n =

This means that according to Figure 5, the positive slope of dis-
tribution function, WV, is located at a voltage ( ) ( )

max maxV Vn w< .
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