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Abstract 
The energy law (work equals energy) is one of the most important physical laws that is always valid and cannot be broken down. Any violations 

against it are severely unphysical. Such violation occurs in the still enforcing worldwide standards and publications (except those of the present 
author) for indentations with conical and pyramidal indenters that do not differentiate between applied force (and thus work) and penetrating or 
indentation force/work. As all force/work is falsely used for the penetration, the obvious non-penetrative work is set to zero force and thus zero 
energy. Such amount of energy law violation depends also on the loading parabola exponent. The exponent 2 of the “normal parabola” is worldwide 
assumed for the loading curve FN vs h (N is for normal). But that is disproved and thus unphysical. It would imply that 1/3 of the applied force would 
be used for non-penetrating work with zero energy, and that is not realized or corrected. Only in the publications of the present author with the 
physically and mathematically deduced exponent 3/2 on h, the amount of not penetrating energy is 1/5 of the applied energy and that is corrected 
for in all respective calculations with a factor of 0.8 to the applied force. And that holds for the loading parabola for all of the different solid materials. 
The undue fights despite dichotomy (knowing the correctness of h3/2 but nevertheless insisting on h2), and unbelievable iterations or simulations 
against the physical analyses of nanoindentations have to be disproved. The wealth of the uncomplicated physical analysis is repeated in the Results 
and Discussion by repeating the physical mathematics and the value of detecting phase-transitions by indentation with their force and energy for 
avoiding catastrophes with technical materials is also stressed in the Conclusions.   
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Introduction

Academic Sciences and Physics accepted since 1992 [1] a new 
analysis of force vs depth analysis of (nano) indentations on the 
basis of a normal parabola (force versus depth2), which violated 
the energy law (work equals energy) and did not agree with the 
experimental exponent of the load vs depth exponent. And the 
DIN-ISO-NIST-14577standard, which is an enforcing part of the 
admission for Instrument builders agreed with that. It was highly  

 
acclaimed to the responding Academia and all trials of the present 
chemist who started in 1995 with nanoindentations, when he and 
his co-workers (as summarized in [2]) could not reproduce the h2 
and thus questioned the correctness of the exponent 2 empirically. 
The physical proof and the energetic questions of the phase transi-
tions under load could not be applied for, as the support of granting 
Reviewers was completely missing for such a presumably extreme-
ly complicated task, in view of the DIN-ISO-NIST-14577 standard, 
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that physicists had not resolved.  It was either told that this dis-
crepancy would apparently exist only in the hands of chemists, or 
that they indented onto inadequate materials. It did not help that 
physicists could not reproduce their own experimental results with 
h2, which was deduced within the complicated series of formulas 
from the elasticity theory. They used instead 3 +8 free-parameter 
iterations by using h2 without checking the exponent of the exper-
imental loading curves. That was with respect to the unsuitable 
(then unchecked twinning) standards fused quartz or aluminium. 
Such behavior is unscientific and far away from good scientific 
practice GSP). Even worse, the “simplification” in [1] did (also?) not 
respect the energy-law. Another approach is simulations on the ba-
sis of the false exponent and again not obeying to the energy law 
that of coarse leads to parabolas with exponent 2 and can so be 
recognized as unphysical. The present author is an organic chemist 
and he could at first only empirically collect hundreds of own and 
published loading curves for all types of solid materials, including 
the Handbook of his instrument, that are collected in [3]. He always 
confirmed h3/2 but neither h2 nor broken exponents between 3/2 
and 2.  All experimental loading parabolas analyzed with expo-
nent 3/2 on h and numerous of them indicated phase transition 
and materials very sharply at their typical force. That is the most 
important subject of nanoindentation and it was published and 
presented at numerous international conferences. But physicists 
remarked over and over again that the physical proof was missing.
But the unbelievable insanely complicated deduction sequences for 
decades (so-called Hertz theory), as derived from elasticity theory 
(that were the physical basis for exponent 2 and could not give the 
correct solution, because the obvious containing disregard of the 
energy-law must be hidden somewhere therein. Thus, the chemist 
(why not the physicists?) was initially misled from finding the actu-
ally very simple physical proofs. He dreamed them and immediately 
wrote them down upon wake-up, by just reminding his mathematic 
and physical school courses at his ages of 14 -16 years.  The first de-
tection was the severe energy-law violation (when comparing the 
applied work with the indentation work from the loading curve) as 
published in [4] and [5] and then the exponent 3/2 foundation (by 
use of the indenter geometry) [6]. And he found at sufficient load-
ing force characteristic phase-transition kinks under appropriate 
loads in FN vs h3/2 plots, what is typical for most materials at ma-
terials-dependent loading size. Such important phase transitions 
under mechanical load can never be detected with the unphysical 
exponent 2 on h. Nevertheless it became more and more difficult to 
publish the correct indentation results, because renowned scien-
tists who made their career with the false result, as derived from 
the elasticity theory, the publication of [7] 2014 and the DIN-ISO-
NIST-14577 looked for excuses and still fought against the physical 
mathematical reality. At first, the rejected break-through publica-
tion at the journal Scanning of [4] in 2013 could only be published 
when I convinced the Editor that his “Peer Reviewer” had used an 
important part of it without citation in his following own publica-
tion in Scanning. I did not use names, but used only the term “your 
Reviewer”, so that this miserable situation could be silently and im-
mediately be settled by publication of my work [4]. And I published 
the energetic law violation elsewhere [5].

It is very clear that the indentation loading curves (force FN 
against depth h) form parabolas. The very basic math courses (for 
pupils at ages 14-16) treat only the “normal parabola” with expo-
nent 2 (FN =h2), but not with parabolas with different exponents (e. 
g. 3, 4, or 3/2, etc). Thus, the physically highly trained Authors of 
[1] knew only the normal parabola and they could define a hard-
ness value H as force over area containing h2. That was unphysical 
adapted for HISO in the DIN-ISO-NIST-14577 standard. It falsely uses 
the complete applied normal force /projected circle or triangle area 
with a dimension [N/m2] for the calculated hardness HDIN-ISO-
NIST from the squared maximal depth and projected area, but they 
forgot about the various sidewise events (pressure and its actions).

The fight against the correct instrumental indentations have 
been very biased, because all collected “Peer-Reviewers” were bi-
ased or tried to protect themselves, because it must certainly be 
shameful for being part of believing into energy-law violation and 
not considering the geometry of the indenter, not to speak of their 
dichotomy [8].

There was a long series of Troyon’s claim of broken and chang-
ing exponents [9]. Their broken exponents for fused quartz varied 
from 1.64533, to 1.82723, over 1.5, to 1.75285. Such changing bro-
ken exponents are of course in error and useless. They derive from 
the fact, that they include the various initial errors, because they 
depend on the material’s surface and any contact finding errors of 
the operator. And they include tip rounding and different effects 
and must be discarded. But they are generally corrected by the ax-
is-cut. Unfortunately, Troyon et al falsely tried to blame the present 
author with their Figures 1 and 2 (similarly 13 and14 with copper) 
and with ridiculous lines through two of the initial points that must 
be discarded. One should have drawn the first linear branch of the 
FN vs h3/2 plot for creating the phase-transition kink. Also an expo-
nent of 1.64903 was published for steel by using their initial error. 
The correct analysis of experimental loading curves from the Troy-
on group [9] follow h3/2, while their finite Element simulated ones 
follow h2, which is quite remarkable and questionable.

Even worse is the trickery by the Durst group [10]. They draw 
in their figure 3b a normal parabola (FN = h2) and used my technique 
for proving its exponent 2 by plotting their figure 3b for obtaining 
a straight line. That is the proof that the normal parabola by them 
has indeed the exponent 2, which is everywhere taught in mathe-
matic courses. But they falsely call it “usual old, P-h2 fit” (instead of 
exponent analysis). And they continued asking “[7] to d and [3] to 
c” in their figure 3, for showing what they termed “Double P-h3/2 fit 
after Kaupp et al., (their reference15)”.  What a misleading trial? 
The normal parabola has exponent 2 and that can of course not be 
analyzed with the exponent 3/2 on h. Kaupp et al analyse the pa-
rabolas of conical and pyramidal indentations and these follow not 
the normal parabolas with exponent 2, but mathematical correct 
as FN vs h3/2 parabolas (see next Section), and there is no “fitting” 
whatsoever. The reports of loading curves of fused silica, sapphire, 
ufg-Al and cg-Al are reported with exponents 1.94, 1.97, 1.88 and 
1.88 all with “fit-quality” of 0.999 for the whole loading curve in 
[10] but it is not told whether that is their figure 1a (up to 800 mN) 
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or 1b (up to 30 mN). And it is not told which crystallographic faces 
were indented, for clarifying these claims. The confidences of h3/2 
analyses are at least 0.9999, when all of the hundreds of experi-
mental points are available. As it is known from other publications 
that these materials undergo phase-transition under their charac-
teristic loads (as revealed with exponent 3/2 instead of (here as 
almost 2), these values should be reinvestigated. We cannot accept 
that this report is close to exponent 2 in view of the easily detect-
ed phase-transitions (for fused quartz and aluminium, which are 
twinned under load [11].

In the introduction of [7] Merle et al cited 13 papers of different 
renowned authors, who should have theoretically and practically 
(including “Finite Element simulations”) served as witnesses “by 
having proved” the [unphysical!] “P-h2 dependence” for “nanoin-
dentations” with a pyramidal or conical indenter”.  I do not repeat 
the names of such Celebrities. But all of these did not use the in-
denter geometry that determines the exponent on the depth h. And 
neither so avoided these Authors their violation of the energy-law 
(by the inevitable creation of the sidewise work for pressure that 
does not occur with zero energy). And also their quacking so-called 
“deduction” used the so defined indentation hardness as so -called 
“proof” of the exponent 2 for the indentation parabola. But that 
is doubly false in all of these cases: At first the exponent 2 for the 
depth must be replaced by 3/2, due to the geometry of the indenter. 
Second, nobody must violate the energy-law, but all of the applied 
force and thus energy is used in such standards. 

We come now to the amount of work that has been agreed, to be 
obtained with zero energy. These physically highly trained Follow-
ers of [1] and DIN-ISO-NIST 14577 had apparently never tried any 
wood-cutting with a hatchet or an axe. That is regrettable, because 
they would have easily seen and experienced that they did not only 
put vertical energy for coming down vertically into the log but one 
also needs energy for the separating in parts due to intermediate 
sidewise pressure. If these highly trained Researchers set the hor-
izontal energy part to zero they violate the energy law. Wood-cut-
ting is not principally different from indentation. That is most easily 
mathematically analyzed [5]: Draw the parabola with h2 together 
with the load triangle from zero to FNmax and hmax. Then compare the 
energy under the straight line Wapplied= 0.5 FNmax hmax with the area 
under the normal parabola and see the energy-law violation, as the 
sidewise effects cannot occur with zero energy. Or just ask: why is 
there a free area between the parabola and its secant?

Another strange but highly applauded publication [12] even 
claimed that one should only rely of the late parts of the loading h2 
parabola when it (as all parabolas do) approaches linearity in ac-
cordance with [1] and the rest of the world. But that is a ridiculous 
affront: the depth values would increase enormously when choos-
ing h2 instead of h3/2 for obeying to DIN-ISO-NIST-14577 standard!   

Results and Discussion

The research group of the present author was supported by 
scientific-project applications that had to be formulated for being 
granted by reviewers of the grantee (Deutsche Forschungsgemein-

schaft). So all of our numerous publications with the coworkers 
(summed up with all named coauthors as cited in 2012 [2]). These 
could only try to empirically find out the empiric consistency that 
the always describing historical and standardized exponent 2 on 
conical or pyramidal instrumented indentation loading curves 
must be described by FN = k h3/2. Only the independence from grant-
ing after the present Author’s retirement could allow for switch-
ing to “Good Scientific Practice” (GSP) on the basis of undeniable 
physical-mathematical deductions. All of these publications with 
respect to indentations since 2013 are open access without any fi-
nancial support, as a Scientist’s tribute of responsibility also after 
retirement. It is found in my given Internet domain, which includes 
also the earlier empirical publications. This was however multiply 
opposed with dichotomy [8], as shown in the Introduction. Only my 
retirement allowed for successful independent search for proving 
their unbelievable physical falsity with easy physical principles 
and mathematics. These applications could not claim that the over-
complicated indentation rules are unphysical. The necessary cor-
rections of the world-wide accepted false analyses of the nanoin-
dentation loading curves enforces us to repeat the deduction of the 
loading curves for conical and pyramidal instrumental indentations 
they are not commonly recognized, despite the widespread dichot-
omy [8] when authors obviously knew that their published loading 
curves follow FN = k h3/2, but used “FN = k h/2” instead for worldwide 
publishing false standard hardness HDIN-ISO-NIST-14577 values 
with 3+8 parameter iterations or elsewhere started FE-simulations 
with h2. And the worldwide disregard of h3/2 due to aggressive un-
suitable fights with the various false techniques, which are all dis-
proved in the Introduction, require that I as authorized author must 
now respond with repetition of the unchanged complete published 
deduction text and formulas of [6].

Before the proofs for the exponent 3/2 for the conical and 
pyramidal indentation and the energy-law violation of DIN-ISO-
NIST-14577 a repetition must tell some trivialities with parabolas. 
They have the form y = k hn (n=2 for the normal parabola). The “a” 
in the formula is responsible for the size of y/k pairs and n for the 
curvature with the dimension [N/hn]. For the unphysical DIN-ISO-
NIST-14577 standard it would read [force/depth2] that looks at 
first glance reasonable for people who in fact violate the energy law. 
However, for people who take care of the never questionable law 
work = energy, it has the dimension [mN/µm3/2], which is the phys-
ical hardness of the indented material due to the separate vertical 
and sidewise forces of cones or pyramids. That is so trivial but all 
worlds opposed against it, so that we must repeat here the present 
author’s physical deductions that were only with highest troubles 
due to Peer Reviewers finally published. The energy violation cor-
rection 2013 and the correct exponent 2016 (submitted 2013, as 
delayed with several at Peer-Reviews and also with long delayed 
responses to rebuttals and not published until 2016). Clearly, our 
long-known empiric laws became now never questionable physical 
laws. But the physicists and technologists of DIN in 2024 enforced 
a vote against elemental calculation rules that could not be avoid-
ed by the petitioning Scientist. The vote was all against one for the 
DIN belief against mathematics: Upon the petition of the present 
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Author they responded: “We know better than an academic Scien-
tist how the indentation instruments must be build and controlled”. 
The petition was thus shut down and the Petitioner had to leave 
the room for the examination session for the examination of DIN-
ISO-NIST-14577. It did not help that the Petitioner argued that their 
renewed standard 14577 would so certainly not be agreed by NIST, 
because of 3 fatal crashes airliners that would have been avoided 
with a physically correct standard and was followed by the ground-
ing of 280 airliners from that fleet for 18 months, by agreeing with 
the Petitioner’s publications. And also, that a famous historical vote 
in 1633 of the Roman Pope Urban VIII against the calculation rules 
of Galileo had also their disastrous consequences. It took close to 5 
centuries for the regrettably agreeing with the primate of science 
over belief by the Roman Pope John Paul II on December 12, 2016. 
We can be faster!    

The indentation couples two processes that must be differenti-
ated, because the applied force must serve both of them. The pro-
duction of volume is thus attributed to the fraction FNV

m for vertical 
indentation. The production of sidewise pressure + loss of pressure 
(including plasticizing via pressure) to the displaced material is at-
tributed to the fraction FNp

n for pressure. As the multiplication of 
both factors must give the product FN, these fractional forces must 
have exponents m and n<1, so that we obtain Equation (1). 

.m n
N NV NpF F F=

              (1)

For the determination of the exponents m and n, we use the 
total pressure that could be reached at the depth h for absence of 
plasticizing. It is (p + loss of p) and we call it totalp . Equation (2) is 
evident, and the mathematical expression for a cone is coneV . 

( )2 3; tan 3total conep K V V hπ α= =
       (2)

Equation (2) ptotal reveals that ptotal and thus also FNp are pro-
portional to h3 of the immersed cone. Formula (3) is thus obtained 
for cones and pyramids (with effective “effective cone angles” ∝ )

3 3
total Npp h and thus also F h∝ ∝

 (3)

Formula (3) reveals the FNP
1/3 proportionality to the depth h, 

but Fp
1/3 does not contribute to the depth. Nevertheless, when n = 

1/3, m must be 2/3 according to Equation (1), and this gives Equa-
tion (4). 

2 3 1 3.N NV pF F F=
         (4)

The exponent 2/3 on FNV in Equation (4) reveals that while 
the instrumental indentation applies FN, only the fraction FNV

2/3 is 
responsible for the penetration and its depth h. This is expressed 
with the searched for Equation (5), where we do no longer need 
the index V.         

2 3 3 2
N NF h or F k h∝ =             (5)

The unavoidable pressure/plasticizing factor FNp
1/3 is lost for 

the depth. This is the physical reason for cones and pyramids (in-
cluding Berkovich with some unavoidable wedge).

This deduction cannot be and has never been disproved, and FN 
= k h3/2 is thus a physical law. 

The deduction of Equation (5) implies that DIN-ISO-NIST-
14577violates the energy law with pointed indentations, by claim-
ing that the sidewise forces would falsely be created with “zero en-
ergy”, which is the most severe violation of the energy-law. They 
use falsely the complete measured normal-force FN and thus they 
also severely violate the energy-law with their enforcing indenta-
tion-hardness definition (FN / h2) with dimension [N/m2]. The error 
is both with the energy-law and according to eq. (5) also with the 
exponent. A false only believed exponent 2 would lose 1/3 of the ap-
plied energy upon indentation. But that remains always uncorrect-
ed. Conversely, the physically correct exponent 3/2 loses 1/5 of the 
applied energy. The physical indentation-hardness is thus always 
corrected by the present author with FNindent = (0.8 FNapplied / h3/2) 
with dimension [N/m3/2]. This correct physical hardness definition 
might at first glance appear strange, but we deal here with inden-
tation hardness and the geometries of the indenters require their 
urgent consideration as in eq (2). The latter had earlier been dis-
regarded, but it must urgently be respected. We therefore remove 
here all historical errors that are still worldwide believed. Thus the 
worldwide believed “HDIN-ISO-NIST-14577” -values (force/ depth 
square) a disastrous: They are deduced from energy-law violation 
and false exponent by not considering the indenter geometry, leav-
ing no chance for detecting phase-transitions under load produc-
ing micro-cracks at the polymorph interfaces as starting points of 
crashes, if their mechanical onset forces become superseded and 
led already to three fatal airliner crashings that could have been 
avoided, as discussed in the Conclusions. 

 

In fact, DIN-ISO-NIST-14577 uses the complete applied force 
and thus energy of the penetration depth for their “hardness” defi-
nition as (force /depth2). They do so for making such uncorrected 
penetration depth value a determining factor for it. Such behavior 
is thus strongly physically burdened by the result from such ener-
gy-law violation.  

The violation amount of “work with such zero energy, which 
is unimpressed still claimed, has been longer revealed and it ap-
peared in [4] and [5]. Once more: the difference of the continuously 
increased loading energy triangle area from zero to FNmax with the 
area under the normal parabola shows that 1/3 of the applied work 
is lost for a believed h2 penetration. The respective work is thus 
used for all non-penetrating sidewise work, when the exponent on 
h is believed to be 2. Thus, DIN-ISO-NIST-14577 violates the energy 
law with their unphysical exponent 2, by using all of the applied 
energy, in addition to their also use of the false exponent 2 on h. 
But 1/3 of it is so claimed occurring with zero energy. That is an 
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extremely obvious violation of the energy law! 

For the correct exponent 3/2 on h, the corresponding energy 
loss amounts to 1/5 of the applied energy. This is physically cor-
rect for the exponent 3/2 on h for the pointed indentation.  That is 
illustrated with the simulated parabola of Wang et al [13] in Figure 
1 (from their figure 3a in [13]), where 1/3 of the energy is claimed 

to be produced with zero energy. Clearly, all applied energy must be 
hold, when used for the published penetration depth. We exemplify 
that with a copy of their simulated curve, giving “FN = const h2” of 
gold, where the used triangle minus parabola area proves that the 
simulation was indeed started with the unphysical “h2”. 

All severe “data constructs” with loading parabolas give of 
coarse a linear plot with 2

NF h∝ as they belief in(or know only) an 
FN = k h2 normal parabola in view of the worldwide acclaimed and 
enforced indentation definition of the indentation- hardness H of 
DIN-ISO-NIST force / area (it is formulated by DIN (Deutsche Indus-
trie Norm). But these and all followers forgot to include the shape 
of the indenters with their side-faces. And the dimension of Hphys 
is [N/m3/2] for pointed indentations, see (5). So all such H-values 
worldwide have to be replaced by physical indentation hardness for 
avoiding energy-law violation and false exponent hardness, which 
is, of coarse an epochal change, for no longer staying on an unphysi-
cal basis. That worldwide error leads to inexcusably and more than 
irresponsible risks of technical materials’ safety. Experimentally, 
gold also indents not with h2, but with an FN = k h3/2 parabola linear 
FN vs h3/2 plot with characteristic kinks by twinning to higher forc-
es etc [11]. Its energy loss by sidewise energy that is thus not 1/3 
(from h2) as in Figure 1, but it must be 1/5 for the correct parabola. 
Correspondingly, a physically correct simulation would have pro-
vided linear FN vs h3/2 plots and their energy loss between secant 
and parabola would have precisely been 20%. But the simulation 
used h2. 

We used the secant in Figure 1 here only for visualizing the da-
ta-construct with the 1/3 loss of energy for a physically false inden-
tation parabola exponents’ area between the secant and the parab-
ola. That is the impossible 1/3 of the vertical force and thus energy, 
which is not valid for physical indentation parabolas and proves the 
use of the false exponent 2. 

We see from Figure 1 that the simulation used the unphysical 
h2 for the finite element parable simulation and that all further 
simulations should respect the physical reality. We stress here that 
already in 2008 existed the safe empirical basis of the correct ex-
ponent 3/2 on h but not 2. That was known to be valid for all sev-
eral hundreds’ materials from very different material’s types. The 
linearized indentation parabolas existed [6] and 20% of sidewise 
energy was only by the present author used as loss for the sidewise 
applied work (instead of by creating it with zero energy). Thus, his 
calculations starting with the linear FN vs h3/2 plots used always FNin-

dentation= 0.8 FNapplication, for avoidance of an energy law violation, which 
corrected all of the force and energy values before of their exponen-
tial calculations. Thus, the indentation work is 0.8 times the applied 
work, and the energy law is not violated as we use in all consecutive 

Figure 1: Copy from [13] of the force displacement parabola together with its secant (that is not an FN vs h2 plot!) of a Berkovich indentation-
FE-simulation for a 500 nm thick gold layer. The data construction is clearly seen by too large loss for the sidewise energy of 1/3 but undeniable 
physics requires only 1/5 (20%) of it also for gold [11]. So that the report [13] is worthless manipulation. It is both, theory and unphysical exponent 
on h2 showing that it is a fixed simulation parameter. It is here copied for showing that the so remarkable energy loss between secant and parabola 
is so large enough to also visually prove: the simulation is (sorry to say) a “scientific construct”. 
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calculations the indentation work (Wind = 0.8 Wapplied). That is for 
example essential for the calculation of the phase transition ener-
gies in [3,11,14- 18] after their detection as sharp kinks of the FN vs 
h3/2 plots for the detection of their appearance force when using the 
physical exponent 3/2. For detecting of the force for phase-tran-
sition kink (the physical hardness is the penetration resistance k, 

mostly in [mN/µm3/2] units from the FN vs h3/2 plots. 

Phase-transitions increase the risks for micro-cracks along the 
interface between polymorphs and that is of utmost importance for 
the safety of mechanically stressed materials. An example is the mi-
cro-indentation of sodium chloride [18], as shown in Figure 2. 

 

Figure 2: Optical 3D-microscopic projection images (5000X lens) of the cracks’ nucleation details on sodium chloride; the widths of the 
rectangles are 76 x 55 µm; (a) the less distant from indention crack at 28.5 and reappearance shortly thereafter at 29.8 N load with an 
interruption, (b) the more distant from the indention crack as nucleated from a grain at 34.0 N load; (c) first crash after further increased load 
upon a (again 5000X lens) with 3.2 mm length all along the crystal; (d) second crack (5000X lens) at 1.7 mm of its length, also showing its 
smoothness.

A very important drawback of the unphysical exponent 2 is its 
inability to detect phase transitions under load. Only the correct 
exponent 3/2 on h detects dangerous phase-transitions with their 
onset forces and energies. Cleary, different polymorphs of a solid 
material have different properties (here different physical hardness 
k, mostly in mN/µm3/2 units), which leads at the materials’ charac-
teristic onset force with a sharp kink (it can never be seen when 
the incorrect “h2” is used). Its detection is most easy in FN vs h3/2 
plots. One obtains up to shortly before the kink the highest possible 
concentration and purity of the unchanged material and at the fol-
lowing end or in case of a second kink shortly before it of the first 
polymorph etc. These are the best possible sites for structure deter-
minations with the already available local X-ray, Raman, etc spec-
troscopy, which opens new possibilities for crystallography. That is 
unbeatably easy and cheap in comparison with anvil pressurisation 
(that provides no local concentration) and it will become the most 
important application of nano- or instrumental micro-indentation. 
But DIN-ISO-NIST-14577 standards must be urgently corrected for 

clearly most important safety reasons.    

Conclusion

It is more than strange that there was not a single mathema-
tician or math-teacher who discussed the trivial properties of pa-
rabolas with the developers of nanoindentation analyses. They 
started with high-principled elasticity theory and led to continued 
series of highest mathematics, which at perhaps certain points pro-
voked simplifications that disregarded physical reality. The formu-
las even included relativistic features, so that only highly trained 
mathematicians will be able to locate such sites. But why should 
they have done that, because parabolas’ mathematical and physical 
and technical properties are so trivial that all physicists and tech-
nicians should have learned it in school. Thus it needed a chemist, 
who always has to completely understand and check what he does, 
to avoid any harm to what he does. He thus used the trivialities of 
a parabola and calculation rules with mathematical curve analysis 
and analysis of them. Unfortunately his undeniable result reveals 
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the shameful (not only painful) errors of energy-law violation and 
of false exponent. These have been hidden in 3 + 8 free parameter 
iterations with black-box computers for the actual creation of what 
they want: hardness as force over area also in pointed indentations. 
Their loss in reputation is, of coarse very severe. Therefore the 
unsuitably repeated trials of fights again and against the physical 
truth found the highest acclamation. These could be published de-
spite their obvious errors, as shown in the preceding Section.  

However, the most important novelty of the physically correct 
analysis of loading curves, was the detection of sharp phase-transi-
tion(s) events under load in the analytical FN vs h3/2 plots as sharp 
kinks (rather than the therefore unsuitable logarithmic plots). As 
polymorphs of solid materials have generally different indentation 
hardness, these phase-transitions create sharp characteristic kinks 
at precise onset-forces and h3/2 values. This is the easiest way for 
the detection of phase transitions under load and unless other tech-
niques. One finds these easier and better than by the very expensive 
and difficult anvil pressurizing that can not concentrate.  One has 
now the onset-pressure value and can even arithmetically calculate 
the phase-transition energy [14-18]. And if one wants to know the 
crystal structure of the polymorph, one can choose the highest con-
centration of the polymorph in question for the local determination 
techniques, which became very recently available. These are at the 
indentation end, or in case of consecutive phase-transitions close to 
the next kink. Such equipment should now be made available and it 
opens up a new field for crystallography. 

Most importantly, the now easily detected phase-transitions 
under load are very dangerous, if these occur with materials that 
are exposed to sometimes very high forces. Examples are turbu-
lences at the pickle forks of airliners (where the wings are connect-
ed to the trunk), or turbines, or the wings of air mills, or bridges- or 
balconies, or earthquakes, etc., etc. 

It had been shown with instrumented Berkovich micro-in-
dentation, that 1-2 µm long persistent (for more than 6 months) 
nano cracks in dry NaCl occurred upon the obtained phase-tran-
sition kink at 30 N load. That phase-transition was saved and lat-
er imaged under a digital microscope (5000-fold) [18], which 
showed the formation and development of micro-cracks (initially 
1-2 µm long). Thus, any phase-transitions under load enhance the 
probability for such events and these can grow. Such stable local 
micro-cracks can trigger fatal cracking when their material be-
comes exposed to (usually much) higher possible forces. These are 
efficient starting points along them, which had been imaged with 
warnings discussed in [18]. In [18] that crashing required higher 
forces and a triggering by the micro-cracks is more than likely. If 
the applied indentation force was further increased (here above 50 
N load), the whole material developed a full crash along from and 
in the direction of the micro-crack. The saved data were imaged 
next day and six months later viewed (when kept under exclusion 
of moisture) under a digital microscope, and published [18] with 
the corresponding warnings from phase transitions. It took 4 years 
until acceptance because it was repeatedly rejected with always ex-
tremely long times for Peer Reviews and Rebuttals at the US journal 
Scanning and then also the same at the Swiss journal Crystals. Here 

the second rejection was next day, because [7] had quacking de-
duced that the “ISO-14577 hardness”, [“force over depth square”] 
would also “prove an exponent 2 instead of 3/2 on h”. And also ear-
lier, these Authors had over and over stressed the self-similarity of 
parabolas as so-called proof of h2 for cones and pyramids. But all 
parabolas with any exponent >1 are self-similar and quacking by 
putting the result already into the question for its “proof” is at best 
ridiculous. My finally desperate trial was with the Chinese Journal 
[18].   It has been explained that the early publication of [18] would 
have been the last chance to appear timely before the first of the 
three fatal airliner crashes over China, Indian Sea, and Ethiopia in 
short sequence. The FAA (Federal Aviation Administration) would 
have seen from the copied Figure 2, that phase-transitions by me-
chanical stress are extremely dangerous for the facilitation of the 
micro-crack formation (one or two µm long) with risks by follow-
ing catastrophic crashes at higher forces, so that materials at the 
pickle forks of airplanes must consist of materials that must with-
stand phase-transitions against the highest forces from strong tur-
bulences in hazardous areas. It was clear that such 1 to 2 µm length’ 
cracks on aluminium alloy surfaces would not have been seen at the 
legally enforced six-months’ routine checks of all active airplanes. 
They were never seen or looked for. In view of Figure 2 we can trust 
that FAA (some FAA representatives listened to my lectures in US 
(and we also discussed them, so that they knew my results) and 
looked for my publications. They would have immediately cared 
for improvements of safety checks with much higher precision in 
the indentations than before, as they did now. But that chance was 
lost due to the “Peer Reviewers delays”. As they have immediately 
enforced a 6 month’s recheck of all airplanes after the appearance 
of [18] for nano-cracks, they grounded the whole new fleet of 280 
airliners apparently due to such micro-cracks on their pickle-forks 
that were not checked for before. This was their striking agreement 
for our physically correct search with exponent 3/2 on the nanoin-
dentation loading parabola depth, revealing phase-transition forces 
(including phase-transition energy calculation). Thus instrument 
builders are well-advised to check every new material with instru-
mented microindentations for phase-transitions under load. These 
must have their kink-onsets at higher forces and their endother-
mic (that is further negative) phase-transition energies lower than 
related well-behaved materials (also subject to investigation). And 
NIST and ISO are advised to exit from the doubly unphysical inden-
tation “14577 standards, because they are still retained by DIN” 
with the energy violation and the false exponent of their unphysi-
cal formulated 14577 standard. All of these 3 fatal crashes in short 
sequence could have been avoided by unblocked publication. The 
whole new fleet of the producer of these airliners was grounded 
for 28 months. That was shortly six months after the appearance 
with my copied Figure 2. It is required for the legally enforced re-
checking of all active airplanes when such micro-cracks were now 
detected obviously with better techniques and thanks to the 4 years 
blocked appearance of [18]. 

Also necessary for reliable indentations are mechanically 
stressed turbines, windmills, bridges, buildings, earth-quake safe 
constructions, etc, etc. That is primarily important for new materi-
als that must be safe for centuries. It is most easy with indentations 
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in view of the copied Figure 2. We are thus confident, that NIST will 
no longer accept the shameful errors of DIN-ISO-NIST-14577 and 
that the physically correct analyses of nanoindentations will have a 
great future.  Clearly, NIST must worldwide enforce the search for 
phase-transitions of materials with as high as possible phase-tran-
sition onset forces and favourable endothermic phase-transition 
energies by requiring correct instrumented indentation analyses. 
This will mostly require micro indentations. It is hoped that DIN will 
soon return for accepting easy understanding science. But majori-
ty votes of (shameful) Belief against undeniable Mathematics are 
out of question. All against one are so not possible with the present 
leading officials of DIN.  However any other branches of the huge 
Organization without dichotomy of the officials can be more helpful 
in Germany. But the present DIN-ISO-NIST-14577 “standard” must 
be corrected in view of the risks for micro- cracks and catastrophic 
crashes. That is also necessary for mechanically stressed turbines, 
windmills, bridges, buildings, earth-quakes, safe buildings, etc, etc. 
That is primarily important for new materials that must be safe for 
centuries. It is most easy with indentations in view of the therefore 
here repeated Figure 2. We are thus confident, that NIST will no 
longer accept the errors of DIN-ISO-14577 and that the physically 
correct analyses of nanoindentations will have a great future.  
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