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Abstract: Enigmas and suspected basic flaws in physics evade mathematical scrutiny if they relate 

to intuitive pre-mathematical fallacies. This essay focuses on notions and tacit assumptions that are 

basic to theories. For instance it questions the assumptions that the distinction between past and 

future is an illusion, time is something a priori given in which objects may move like in space, and any 

mathematical structure has a correlate in reality. Because it is not biased by an intension to brutally 

rescue holy grails, it does not question causality, c, or time. Instead it is driven by curiosity about how 

we go about doing what we do and by the confidence to eventually reveal typical human fallacies. 

Some key tenets of mathematics and physics proved to be at variance with its results. They include 

putative realism of future space-time, perfect mirror-symmetries, naïve set theory, singularities, and 

possibly even Lorentz contraction.    

 

1 Enigmas and suspected basic flaws 
There are many reasons to look for wrong assumptions in science, not just the desire to unify 

unquestioned while mutually contradictory theories [1]:   

- Quantum computers do still not work as they were promised. 

- There is no idea how to experimentally confirm white holes in anti-worlds.  

- There is no symmetry between matter and antimatter.    

- Not every expert believes in string theory, tachyons, et cetera. Gerald Feinberg, the physicist who 

named tachyons, once commented that the only place tachyons could be found is in Webster’s 

dictionary [2]. Tachyons were based by Wigner on the symmetry group, the invariance aspect of 

space-time. Wigner’s friend illustrates Wigner’s consciousness causes collapse interpretation. Do 

not prematurely question all of Wigner’s contributions just because tachyons were not found.  

- Likewise, the failure to find magnetic monopoles so far does not discredit the work by Dirac. 

Trying to solve enigmas, some experts despaired and got ill, Boltzmann committed suicide. Others 

made confessions:  

- Begging for acceptance, Dedekind admitted having no evidence for his main idea [3].  

- Since 1935, v. Neumann, who had introduced Hilbert space himself, did not believe in Hilbert 

space any more. His point-free topology still assumes underlying point sets. 

- Hermann Weyl warned: We are less certain than ever about the ultimate foundations. He did not 

yet see [4] why his calculations led to apparent symmetry between past and future, cf. 5. 

- Feynman smugly declared quantum mechanics something that nobody understands.  

Appropriate formalisms provided Feynman’s shut up and calculate dictum is justified in general. Who 

refuses to swallow something unimaginable to him might be wrong. For instance, in case wind is 

blowing exactly from the side, cyclists may wonder why they face a force component against their 

motion. Here the fallacy is obvious: Not forces but velocities are to be added and then to be squared. 
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Those who signed a petition for clarification concerning the twin paradox [5] are blamed for not 

understanding that the twin paradox is not a paradox at all but merely counterintuitive.  While the 

signers dispute this, they are unable to agree on an alternative. The majority within this minority 

prefers to only distrust Einstein’s relativity [6].  

 

2 Pre-mathematical intuitions and interpretations 
Cantor’s set theory is claimed utterly abstract and hence counterintuitive. Ironically, it originated 

from naïve intuition. Although Cantor’s theory was discredited by paradoxes, even proved untenable 

[7] and called naïve by its proponents, Cantor has still been idolized as genial. Set theory was rescued 

by means of axioms and declared fundamental to mathematics. Hilbert frankly uttered that the 

axiomatic method substituted a formerly naïve belief in certain ideas. Questioning set theory is a 

taboo. Ebbinghaus merely dared quoting Lessing: If someone by an obvious error … [8]. Do critics of 

set theory distract from reclaiming the common sense foundations of knowledge [6]?   

 

Let’s call most basic assumptions pre-mathematical as to remind of how children get familiar with 

elementary notions. The denotation meta-mathematical is less appropriate, not just because meta-

physics and meta-mathematics are often associated with mysticism. Hilbert’s program declared 

meta-mathematics a part of mathematics. This self-referential subordination is unacceptable if we 

intend revealing mere intuition behind pre-mathematical assumptions.  

 

Correct pre-mathematical assumptions are also a precondition for correctly interpreting the results 

including due physical restrictions. Usually, pre-mathematical and interpretation issues require 

knowledge of details and unbiased logical reasoning rather than mathematical skills. They are not 

necessarily the business of mathematicians. Ohm’s assumption that a missing fundamental cannot be 

heard and Lighthill’s theory of a passive traveling wave in cochlea [9] were mathematically flawless.  

 

Selected further examples will demonstrate serious implications of questionable pre-mathematical 

assumptions and belonging interpretations. They range from traditional philosophy up to premature 

interpretation of experimental data.   

   

3 Something outside science?  
The late Albert Einstein uttered that the now worries him seriously. Admitting painful resignation, he 

called the now an experience that cannot be grasped by science. Einstein followed common intuition. 

His scientific credo was: For us believing physicists, the distinction between past … and future is 

merely an … illusion [10]. Mathematicians like Hilbert shared this view which is a main assumption of 

presently still dominating theories in physics although common sense says the opposite. Claude 

Shannon pointed out: the past is unchangeable but known, while the future is unknown but 

changeable, in principle. We may add: past and future are objectively different from each other. It 

does not matter how we experience them. Future data cannot be measured in advance. This is no 

illusion. Regardless of how in detail Einstein understood the notion now/present (Appendix A), his 

obviously unrealistic denial of past and future in theory is a consequence of a very old fallacy which is 

hidden within the assumption that our commonly agreed event-related time scale is a basic physical 

quantity.  Although this view offers many advantages, time can strictly speaking not be measured at 

all. The notion time has been derived from elapsed time (see Fig. 1) which is a concrete, absolute, 

and always positive measure. Other basic physical quantities including radial distance, area, volume, 
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mass, absolute pressure, and absolute temperature are likewise restricted to only positive values. 

They all do not need an arbitrarily chosen reference because they naturally refer to zero.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 Logical origin of ordinary time scale 

 

It is often overlooked that elapsed time and all the other basic physical quantities have a concrete as 

well as an abstract meaning. Abstraction strips off the link to reality. The abstract from originally one-

sided, backward measured like age, and now-related physical quantity can be modified like a movie.  

 

Anticipation of future processes does not require consciousness. It has very old roots. Prey and 

predator instinctively benefit from adaptation to repetitious patterns. Even plants adapt to seasons. 

Religions imagine future already given, literally foreseeable, and repeating our present experience. 

Such view implies fatalism, the hope for individual rebirth and Parmenides’ monism. Einstein did not 

object when Popper called him a Parmenides.   

 

Speculation whether imagined time may extend endlessly, or looping, or from a Big Bang to an end of 

the world does not invalidate the above suggested scientific distinction between past and future and 

the fact that elapsed or anticipated as elapsed time always fits to the positive real numbers (ℝ+). 

  

 4 Complete deductions from abstract models?  
The invention of negative numbers and calculus paved the way for revealing laws of nature which are 

written as differential equations. However, natural processes are more than just laws. They can 

rather be understood like analog computers which are known to model differential equations by 

means of addition and integration. Real processes accumulate and combine concrete influences, 

which altogether are restricted to the belonging past. It is mistake to keep differential equations for 

primary. They are merely abstractions from the originally integrating relationships. Hence, general 

solutions of differential equations are ambiguous; they exhibit mirror-symmetry. It was good practice 

to ascribe physical reality only to retarded particular solutions and exclude advanced ones until 

reductionists naively kept the whole abstract model for the modeled reality.  

         Level of abstract quantities                               modifications                     

t=0  

       negative part     positive part of event-related ordinary time scale  

 relative to the  now   permanently sliding scale with arbitrarily chosen event t=0  

 past      now                                            future          permanent shift 

  

future     past             reversal 

                        

       addition of future 

 

abstraction    

                now (telapsed=0)     at the tip of arrow: positive elapsed time under consideration 

 

Level of concrete, already evident traces   

     

 

     

Level of reality 
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Since mathematical tools like calculus proved utterly valuable, it was tempting to tacitly assume that 

generalized laws are not just “deep” but ultimately even complete descriptions of nature as if bones 

were already a living animal. This mistake went along with confusion between concrete measurable 

elapsed time and the understanding of time as something like an a priori given block in which objects 

can move like within space. Time travel is possible - in imagination. 

 

Speculative theorists are combining the correct argument that the laws of nature are invariant under 

the reversal of time with their intuition that these laws alone are sufficient as to completely 

comprehend nature. Time-dependent differential equations are strictly speaking only reasonable 

together with initial conditions, not with time-symmetric boundary conditions. Experience shows; 

processes that are cyclic in theory, e.g. rotation of earth, are transient in reality. Conservation of 

energy does not imply closed systems.    

 

The speculators may not justify their belief in a computed rather than real world and other “science” 

fictions by questioning reality and causality. While reality and causality are, of course, also 

assumptions, we need them as logical alternatives to unacceptable mere imagination and mysticism, 

respectively. Non-causal models in signal processing are clearly unrealistic but nonetheless useful 

with some restrictions.  

 

Meanwhile it got a bad habit to thoughtlessly always prefer most general representations which 

include all special cases. Given, a representation was more comprehensive and accordingly deep if 

based on all real numbers (ℝ) than within only the positive real numbers ℝ+. May we conclude that 

the more general description within complex numbers (ℂ) instead of ℝ is even deeper?  There seems 

to be no limit to such successive generalization: ℝ+, ℝ, ℂ, ℍ, , … ? Aren’t bones of bones of bones 

ridiculous? Perhaps, just sufficient numbers are best. Offering too many degrees of freedom 

increases redundancy and makes errors more likely, in calculation as well as in interpretation of 

results.  Already physics in ℂ requires care, cf. Appendix B.      

 

5 No negative frequency? 
Experts in the 1920th including the fathers of quantum mechanics thought and Dirac explicitly argued 

[10] that frequencies cannot be negative, which implies an only positive Hamiltonian too.  They failed 

to grasp that a restricted to just positive values function f corresponds after analytic continuation and 

complex Fourier transformation (FT) to a complex counterpart F that exhibits Hermitean symmetry. 

This means F consists of mirror-symmetrical real parts and imaginary parts. Each of these four parts 

contains all information given in f. Despite of this redundancy none of the four may be omitted 

because one-sidedness and its sign are encoded in their assembly. The experts overlooked that 

fictitious negative frequencies are required in complex domain if one agrees on real-valued functions 

of unilateral time in the original time domain. Their assumption of only positive frequencies in reality 

led to what worried Weyl: apparent time-symmetry corresponding to the so called analytical signal. 

Weyl’s calculation does merely require a correct interpretation.  Fig. 2 shows: The usual preference 

for in general complex functions is incorrect. Only the cosine transformation (CT) provides a 

physically realistic immediate relationship between the real-valued functions f(t) and f( ) with t and 

 in ℝ+. There is no such relation between the complex functions F( ) and F(t). Mirror-symmetric 
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functions of negative t or  are necessary mathematical artifacts of analytic continuation in ℝ. They 

must not be interpreted in terms of physical reality.  

 

 

 

 

    

 

 

 

 

 

 

Fig. 2 Correspondences between realistic unilateral and Hermitean-symmetric complex values 

 

The CT works well in practice, and there are only two reasons for nevertheless always using the 

complex Fourier transformation instead, the traditional assumption that time extends from minus 

infinity to plus infinity over all real numbers and the naïve guess that a more general mathematical 

model is in general better than a simpler special one. ℝ+ does not just tally with physical restrictions. 

Virtually all definite integrals have zero as their lower boundary, not minus infinity. When 

mathematics got rigorously formalized within the 19th and 20th century, it adapted to the kept for 

more general bilateral view in a rigorous but arbitrary rather than logically clean manner. Some 

related problems were shown in appendices to an earlier essay [12]. 

 

6 Isn’t an ideal point intangible? 
Already the separation of ℝ into ℝ+ and ℝ- reveals open questions in current mathematics. The 

point zero between them corresponds to the point now between the past and the future. There is no 

acceptable reason for splitting that point, ascribing it to the left or to the right, or treating it 

separately. Fig. 3 illustrates the only solution [12]: a Cauchy-modified Euclidean notion of number.  

 

The issue relates to many paradoxes and controversies ranging from Buridan’s donkey to the 

assumption of incompleteness by EPR [13]. The good old Euclidean notion of number was based on 

the measure one. Mathematicians who abandoned it strived for a rigorous algebraic foundation to 

their tacit assumption of trichotomy not just for rational but also for irrational numbers. Irrational 

values can anyway not be measured. When Dedekind [3] accordingly replaced the physically 

plausible measures by pebble-like points, he ignored the 4th logical relation, see Fig. 4.  

 

This neglect is tolerable because it provided what Hilbert called Cantor’s paradise. Strictly speaking, 

naïve point set theory is logically inconsistent. The singular point in Fig. 3 is an unphysical artifact. 

Ideal notions like the point and the continuity of a line do not exactly fit to set-theoretically based 

mathematics: If one did obey Euclid’s definition of an ideal point and Peirce’s continuum every part 

of which has parts, then Dedekind’s cut was not feasible. An ideal point can strictly speaking not be 

singled out from ideal line. It behaves as if it did not exist. Its measure is zero. An ideal point is not 

visible, not tangible, just a fiction. Without replacement of ideal points by infinitesimal small pixels 

there was no difference between open and closed intervals. Cauchy still considered a value 

something attributed to a quantity, not the other way round [15].     

    Original physical domain  

    real-valued function f(t) of positive time     real-valued function f( ) of positive frequency 

(traditional assumption)           (assumption in quantum mechanics)  

               CT 

    FT/inverseFT                FT/inverseFT 

   Fictitious complex domain 

    mirror-symmetric complex function F( )        mirror-symmetric complex function F( )   

    of positive as well as negative frequency         of positive as well as negative time,        

                    so called analytic signal 
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up to unjustified interpretation of mathematical results. 

 

up to unjustified interpretation of mathematical results. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 Dedekind’s pebble-like notion of number (above) vs. limit of Euclidean measure (below) 

The naïve v-shaped illustration of the singular point y=0 at x=2 was adopted from [14].  

 

       

Fig. 4   

Trichotomy in mathematics does not include the 

fourth logically possible relation between two objects 

 

 

7 Point particle of propagating energy – a pointless metaphor?  
Intuitive use of the notion point seems also to be related to another suspected basic misconception, 

the idea that photons and phonons are point-like particles of energy propagating with constant 

velocity. If photons did behave as do heavy particles then they should be expected subject to 

acceleration. This is obviously not the case. Light propagates in vacuum like to be expected from a 

wave with constant velocity c. Acceleration would mean increase or decrease of the energy 

attributed to a particle. Photons as well as phonons are already considered quanta of transferred 

energy, and a point is something that cannot be portioned.  Mathematicians and physicists tend to 

blur ideal notions like point in an imprecise intuitive manner. Common sense has it blunter; there is 

no logical justification for assuming a physical singularity, a point particle, the spin of a point and the 

like.  

equal to                   larger than 

 

smaller than   incomparable 
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Lacking awareness to the limits of idealization implies a lot of logical inconsistencies. Tolerating an 

overlap of mutually excluding models is certainly no satisfactory solution. Neither the mysterious 

claimed dualism between wave and particle pictures nor de Broglie’s guiding wave, or quantum 

logics [16] are more convincing than the argument [17] that there is only compelling evidence for 

atoms to have measurable mutual distances. Why not attributing the quantized spin of photons and 

electrons, and Pauli’s exclusion principle to wave-based rather than point-mechanical models?     

 

8 Ultimate preferences for the logical requirements of physics  
Pure intuition has been affecting the basics of pure mathematics for centuries (Appendix C). Physics 

followed Isaac Newton who mentioned in 1707 the notion number as threefold:  integer, fractus 

(rational), and surdus (deaf = irrational). It used up to the 19th century the strictly speaking 

incommensurable irrational numbers pragmatically as if they were rational. When Dedekind’s cut put 

the irrational numbers under the umbrella of real numbers he ascribed trichotomy to points. 

Mathematicians still appreciate this arbitrary assumption. However, was it necessary?  It ignored still 

reasonable ancient tenets: 

i) A point is something that does not have parts. 

ii) A continuum is something every part of which has parts. 

iii) A number is a measure that relates to the unity one. 

iv) Infinitum actu non datur.  

If a physical dimension has the property (ii) then it cannot be a finite set of points (i). Dedekind 

followed Dirichlet who had introduced the notion “body of rational numbers” that indicates on which 

physics-related intuition rigorous mathematics arose. Dirichlet’s indicator function presumes that 

rational and irrational numbers are located side by side on the line. While the epsilon-delta method 

itself is mathematically rigorous, its use as definition of continuity is intuitive, cf. [18]. 

Ultimate preference for (i) to (iv) should be given in physics, although modern mathematics assumes 

general trichotomy. Then a missing within a continuum (ii) singular point does not cause a defect 

with non-zero measure. Spalt derived from Leibniz continuity Satz 9.12 in [15]: One cannot remove a 

lonely value from a variable. The immediate neighbors of any real number evade numerical 

localization. Weyl aptly called them a sauce.  

 

Because mathematics abandoned (i) to (iv) but gave preference to intuitively assumed general 

trichotomy, it was forced to redefine basic notions. Standard as well as non-standard analysis is 

unable to offer generally agreed easily understandable definitions of infinity, continuum, and 

number. Infinity originally means either the property of being endless, called potential infinity, or an 

inexhaustible quantity, the fictitious number of elements of an endless series, called actual infinity. 

Because the latter means logically the opposite of the former one, there is no room for different 

degrees of infinity in between. When Leibniz introduced infinitesimals and called them infinitely 

small relative to something, he meant arbitrarily small, i.e. finite. His infinitesimals are rational. 

Coining the notion function in 1673, Leibniz related it to a differentiable curve. With the introduction 

of f(x) about sixty years later, mathematics begun to abandon the continuous models and belonging 

notions (i) to (iv). Cauchy still cautiously avoided interpreting f(x) as the value of function f at x. 

Dirichlet naively assumed in 1837 that at points of discontinuity the function has two values. Then 

Weierstrass promoted the arithmetization of analysis which was the key to much progress. However, 

this success must be completed by realistic interpretations. 
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Is it justified to ascribe physical meaning to mathematical objects like singularities if they are artifacts 

of arithmetization? Is the fact that a building consists of stones more important than its other 

properties?  Aren’t fractals [19] rather marginal models of reality? Moebius strip and Klein’s bottle 

[19] do not invalidate the old wisdom that any coherent 3D body has an inner and an outer surface.     

 

9 Trust in inexhaustible chances 
Let’s hope for inexhaustible chances to reveal mistakes. Possibly wrong assumptions may not just 

affect theories but also design and interpretation of experiments: 

- Superluminal propagation of signals does not work. Many experts failed to reveal why Nimtz [20] 

measured it because they are ascribing physical reality to imaginary wave numbers.  

- The unexpected failure of Michelson and Morley to measure the movement of earth relative to 

the assumed ether [21] led to the special theory of relativity (SR).  

Meanwhile, even critics [23] [24] of [21] tend to not question SR. SR is kept more directly justified by 

the fact that Maxwell’s equations are lacking covariance. However, as Phipps [25] pointed out, the 

lacking covariance was built into the equations according to [21]. The null-result [21] was often 

repeated with increased accuracy. Lorentz contraction, Einstein’s theory of relativity, and spacetime 

arose from it. May we hope for a flaw in [21] if we doubt that the distinction between past and 

future is an illusion?  

Insights by Einstein in 1920 [22] and measured data, e.g. [24] [26] [27], provide support for an ether 

to exists. Maybe, just the expected positive outcome of the experiment [21] was wrong? 

 

A stunning experiment by Feist [28] used acoustic waves instead of light. As Fig. 5 shows, it focuses 

on the effect of the medium’s motion orthogonal to the direction of propagation.    

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 Suggested explanation of an experiment with a directed wave propagating through a moving 

medium 

 

The 1887 paper [21] included Lorentz’s correction to Michelson’s criticized by Potier guess of 1871. It 

calculated an increase to be expected in time of flight by a factor sqrt(1+r2) with r = v/c. For r=0.1, 

 

Reflector R, mounted in front of E.   

Sound within air at rest is reflected from point R0 back to E.  

Sound within air flow travels from E to R1 within t1=d/c. 

E sees then only undirected returned sound as if it came from R2.  

   

220 kHz distance finder E emitted a sound pulse with high directivity orthogonal 

to an air flow. E also measured the time of flight to the reflector R and return.  

Air flow between E and R, 

velocity v up to 120km/h 

R1 

E

b 

R0

Pc 

R2

3 

Outside E 

d = 135cm 

cm 
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Feist should have measured a factor 1.005. He actually measured 1.010 ±0.0005 which would fully 

compensate the apparent length contraction in the direction of motion. In other words, Michelson’s 

null result was to be expected if Feist’s measurement was correct and the two experiments were 

comparable to each other.  

 

Neither Feist nor Bruhn [29] explained Feist’s measurement. Wikipedia on Lorentz violation [30] does 

not even mention it. An explanation is given in Fig. 5: lost directivity of light with reflection from a 

spotlighted target. The length of return path R2E is d sqrt(1+4r2). This idea can be checked by 

measuring tER1 separately, because sound propagates about 1,000,000 times slower than light. 

Apparently, the tilt of the reflected beam is crucial. Brown wrote: In practice the beam splitter is 

adjusted as to maximize the definition of the interference fringes in the telescope [31]. Don’t such 

arguments nurture hope for successfully questioning pre-mathematical intuitions?  
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Appendix A   The now that worried Einstein seriously 
Einstein’s use of the notion past, present and future [32] indicates that he understood present as a 

fuzzy notion, not as an interval between past and future, the distinction between which he anyway 

called an illusion. He nonetheless explained that the experience of the Now means something special 

for man, something essentially different from the past and the future, but that this important 

difference does not and cannot occur in physics [10]. This worry may reveal a failed attempt to add 

tenses onto his tense-less physics. 

Moreover Einstein had abandoned in his special theory of relativity the common simultaneous now 

because he applied Poincaré’s synchronization by a roundtrip measurement on bodies in motion 

relative to each other. 

 

Appendix B   Semi-domain of ℂ  

Complex plane has two faces. Within a chosen semi-domain of ℂ, the factor exp(i t) shifts the time 

scale with respect to the scale of elapsed time.  Transformation of 2 cos( t) into this domain tacitly 

assumes omission of the clockwise rotating component exp(-i t). Introduction of a single physical 

quantity immediately in it skips this step.  

 

Appendix C   Transfinite naivety  

Already Albert of Saxony argued that a wooden bar of infinite length has as many points as the whole 

world. Bolzano, who introduced the notion Menge (set), also imagined a line consisting of many 

points. Georg Cantor admitted to Dedekind I see it but cannot believe it after he concluded that a 

square has not more points than its sideline. Galileo drew a convincing while abandoned in set theory 

conclusion from bijection; the (qualitative) relations smaller, equal to, and larger are only valid for 

finite quantities. Hence, not more was formally correct while as many as naively confused quality and 

quantity. Cantor naively imagined transfinite whole numbers to be found by simply counting across 

infinity. It was his provocative naivety that made him famous, his claim of having refuted arguments 

by famous experts including Cauchy, Galileo, Gauss, Kronecker, Leibniz, and Newton.  

Proponents of set theory called Cantor’s set theory naïve after they managed to hide its paradoxes 

by substituting the formerly naïve belief in certain ideas with an axiomatic method. Naivety includes 

being too ready to trust in seemingly compelling evidence. Didn’t Hilbert himself trust in the second 

diagonal argument? Wasn’t his thinking wishful when he declared Cantor’s continuum hypothesis 

(CH) the first of the ten most important problems in mathematics?  CH is neither provable nor 

refutable. Hilbert’s finitism, his program, and his denial of the arrow of time did seriously affect 

modern physics. 

 


