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Cauchy’s logico-linguistic slip, the Heisenberg uncertainty principle and a
semantic dilemma concerning “quantum gravity”

Abhishek Majhi∗

Indian Statistical Institute,
Plot No. 203, Barrackpore, Trunk Road,

Baranagar, Kolkata 700108, West Bengal, India

The importance of language in physics has gained emphasis in recent times, on the one hand
through Hilbert’s views that concern formalism and intuition applied for outer inquiry, and on the
other hand through Brouwer’s point of view that concerns intuition applied for inner inquiry or,
as I call, self-inquiry. It is to demonstrate the essence of such investigations, especially self-inquiry
(inward intuition), I find it compelling to report that a careful analysis of Cauchy’s statements
for the definition of derivative, as applied in physics, unveils the connection to the Heisenberg
uncertainty principle as a condition for the failure of classical mechanics. Such logico-linguistic,
or semantically driven, self-inquiry of physics can provide new insights to physicists in the pursuit
of truth and reality, for example, in the context of Schroedinger equation. I point out an explicit
dilemma that plagues the semantics of physics, as far as general relativity and quantum mechanics
are concerned, which needs to be taken into account during any attempt to pen down a theory of
“quantum gravity”.

Keywords: Cauchy’s definition of derivative; Units and dimensions; Semantics of physics; Heisen-
berg uncertainty principle; Hilbert’s sixth problem; Quantum gravity.

The significance of the roles of logic and language in physics becomes evident from the study of Hilbert’s
sixth problem, namely, Mathematical Treatment of the Axioms of Physics[1, 2] and the associated modern
research that has germinated from such roots e.g. see ref.[3] and the references therein. In modern terminol-
ogy, as Gorban would write, it is the “semantics of physics” that may hold the key to subtle issues concerning
the foundations of physics in the pursuit of truth and reality[3]. However, when the question of truth arises
then it is unavoidable to note, as Brouwer asserted, “intuititon subtilizes logic” and “denounces logic as the
source of truth”[19]. If I consider Einstein’s views[24], then “physics constitutes a logical system of thought”
and “the justification (truth content) of the system rests in the proof of usefulness of the resulting theorems
on the basis of sense experiences, where the relations of the latter to the former can only be comprehended
intuitively.” Now, the truth content of the system must also depend on the truth content of the parts of
the system i.e. the axioms which constitute such a logical system. This, as I understand, raises the concern
whether the axioms themselves are truthful expressions of our experiences. In other words, while axiomatiz-
ing physics to form a logical foundation of our reasoning, in the pursuit of truth through scientific inquiries,
it is also a matter of concern to analyze how truthfully the axioms themselves manifest our experience – a
process which Brouwer might have called “inner inquiry”1 or, which I call, self-inquiry[10, 11]. For example,
Klein’s proposal to replace “a point” by “a small spot”, as noted by Born on p 81 of ref.[25], is an act of
self-inquiry so as to make the first axiom of geometry, as stated by Euclid2, a more truthful expression of
our experience which, nevertheless, can only be realized through intuition by being conscious about the fact
that the meaning of the words “a point”(abstract) can not be explained without putting “a small spot” (con-
crete) on the paper[26]. This is somewhat the opposite of Hilbert’s attitude of achieving logical completion
by formalizing geometry, without worrying about the truth content of Euclid’s first axiom of geometry as far
as our experience is concerned[23]. The modern interpretation of Hilbert’s attitude is the denial of “any need
for intuition” in the process[3], although Hilbert himself wrote on page no. 2 of ref.[23], while categorizing
the axioms of geometry into separate groups, that “Each of these groups expresses, by itself, certain related
fundamental facts of our intuition.” So, intuition is irremovable, inescapable and indispensable; Kant would
write (as quoted by Hilbert on p 1 of ref.[23]) that “All human knowledge begins with intuitions, thence

∗Electronic address: abhishek.majhi@gmail.com
1 The words “inner inquiry” was used by Brouwer only once as far as I could find in the literature and that also without any

specific demonstration or any further explication. I have referred to Brouwer’s works for citation purpose and only to point
out that the role of intuition had been investigated earlier. However, as far as my understanding is concerned, this work has
nothing to do with the literature related to intuitionistic mathematics.

2 The first axiom of geometry, as stated by Euclid (see p 153 of ref.[22]), reads as follows: “A point is that which has no part.”
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passes to concepts and ends with ideas”3. However, intuition can be applied in two opposite directions as
follows.

• One is outward directed, which deals with more and more axioms that are required to formalize our
experience in accord with what Hilbert suggested: “we shall try first by a small number of axioms to
include as large a class as possible of physical phenomena, and then by adjoining new axioms to arrive
gradually at the more special theories.”[1]

• The other one is inward directed, which deals with the truthfulness of the expressions of our experience
as far as the individual axioms are concerned i.e. the language through which we express our experience
comes under scrutiny.

While the path of outward inquiry, that deals with the relations of the axioms, the logical consistency
of the axioms and the usefulness of the derived conclusions from an empirical point of view[1, 24], is a
much trodden pasture in modern science, the path of inner inquiry or self-inquiry has remained hitherto
untrodden4. Interestingly, alongside the resurgence of an interest in Hilbert’s sixth problem[3], there has
been a proposal by Gisin to analyze the language of physics from a Brouwerian point of view, albeit devoid
of any emphasis on, or demonstration of, inner inquiry[20, 21]. In a nutshell, the essence of analyzing the
language of physics seems to be becoming more important than ever in the context of modern research
concerning the foundations of physics.

Here, I shall demonstrate the essence of self-inquiry concerning the foundations of mechanics. To emphasize
the worth of such an investigation, let me quote a relevant section from Hilbert’s statement of the sixth
problem[1] as follows.

“Important investigations by physicists on the foundations of mechanics are at hand;.... It is therefore
very desirable that the discussion of the foundations of mechanics be taken up by mathematicians also.
Thus Boltzmann’s work on the principles of mechanics suggests the problem of developing mathematically
the limiting processes, there merely indicated, which lead from the atomistic view to the laws of motion of
continua. Conversely one might try to derive the laws of the motion of rigid bodies by a limiting process
from a system of axioms depending upon the idea of continuously varying conditions of a material filling all
space continuously, these conditions being defined by parameters.”

So, the issues of concern were the foundations of mechanics and specifically to understand the connec-
tion between the laws of motion and the atomistic view via a limiting process. Now, as far as the laws
of motion of rigid bodies are concerned, we can only write those if and only if we can write down the ex-
pressions for the definition of instantaneous velocity, instantaneous acceleration and instantaneous rate of
change of momentum. On the other hand, from the modern perspective, “the atomistic view” is expressed
through quantum mechanics and more specifically characterized by Heisenberg uncertainty principle[14] and
Schroedinger equation[15] to begin with. Needless to say, it is the definition of derivative, from where basic
calculus starts, can be considered as an axiom itself in the process of stating the laws of motion and the
differential equation that we know as “Schroedinger equation”.

With an aim to add some stimulus to the research investigations concerning the language of physics[2,
3, 20, 21], and in order to demonstrate a case of self-inquiry concerning the kind of concerns raised in
Hilbert’s sixth problem, I intend to analyze Cauchy’s definition of derivative as he put it in his own words
in his book[5]. This is because, on a careful study of how Cauchy defined the notion of derivative in his
book[5], I find that it is radically different from the standard practice in physics[7–9]. Quite remarkably, as
I find, a careful exposition of Cauchy’s statements unveils a straightforward connection to the Heisenberg
uncertainty principle[14] as a condition for the violation of the laws of motion and therefore, for the invalidity
of classical mechanics. While there is a much broader virtue associated with the present discussion from the
philosopher’s and the logician’s perspective, which I have elaborated in ref.[11], I believe that the central
issue is worth the attention of the mainstream physics community irrespective of the philosopher’s and the
logician’s assessment of such an inquiry.

Before proceeding, for the ease of understanding of the reader, I may specify the meanings of the following
symbols to be used: “:=”, “3” and “⇔” stand for “defined as”, “such that” and “equivalent to”, respectively.

3 In view of Kant’s statement I would like to emphasize that the word “intuition”, in this present discussion, must be taken
as a substitute for “human intellect” which Brouwer wrote too in ref.[18]. The present discussion has a priori nothing to do
with the specific literature associated with intuitionistic mathematics and intuitionistic logic.

4 An exception is ref.[10] which deals with self-inquiry that concerns logico-linguistic or semantic issues associate with the
foundations of physics.
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Cauchy’s exposition of “derivative of a function” consists of the following steps of reasoning. On page
no. 8 of ref.[5], he considered the propositions “y = f(x)” and “y + ∆y = f(x + ∆x)”. Here, “y” and “x”
are, a priori, independent5 variables which get related by the first proposition. We call “y” as a “function
of x”. “∆y” and “∆x” are the respective increments in “y” and “x”. Using these two propositions Cauchy
obtained “∆y = f(x+ ∆x)− f(x)” and then he defined “derivative of a function”, on page no. 11 of ref.[5],
as follows:

“· · · function y = f(x) · · · variable x · · · an infinitely small increment attributed to the variable produces
an infinitely small increment of the function itself. · · · set ∆x = i, the two terms of the ratio of differences

∆y

∆x
=
f(x+ i)− f(x)

i
. (1)

will be infinitely small quantities. · · · these two terms indefinitely and simultaneously will approach the limit
of zero, the ratio itself may be able to converge toward another limit,...”

Cauchy’s “infinitely small quantities”, in modern mathematical notation, appears as “∆x → 0,∆y → 0”
in the above scenario. Therefore, according to Cauchy’s prescription, both “∆y → 0” and “∆x → 0” need
to hold so that the derivative is definable. Thus, from expression (1), considering a truthful conversion of
verbal statements into mathematical notations, I assert the following:

Cauchy’s definition:
dy

dx
:= lim

∆y→0
∆x→0

∆y

∆x
3 y = f(x), ∆y = f(x+ ∆x)− f(x). (2)

I have skipped the unnecessary step of setting ∆x = i. In the standard practice[7, 8], one finds the
following:

Cauchy’s definition:
dy

dx
:= lim

∆x→0

∆y

∆x
3 y = f(x), ∆y = f(x+ ∆x)− f(x). (3)

Obviously one can note what the difference is in the two scenarios.

The difference is the omission of “∆y → 0”. (4)

At this point one can certainly object that there is no necessity of separately declaring “∆y → 0” because
it is obvious from the definition of ∆y !6 That is, for “∆x → 0”, we have “f(x + ∆x) → f(x)” and then
obviously “∆y → 0” because “∆y := f(x + ∆x) − f(x)”. However, then such an objection should stand
against Cauchy as well for explicitly writing “two terms....will approach the limit of zero”. In any case, if we
are to decide whether “∆y → 0” should be explicitly written or not, then it is best to analyze whether there
is any particular use or significance of such writing. My motto is to precisely analyze the consequence of
overlooking the fact “∆y → 0” in basic physics so as to convey the importance of declaring facts in symbolic
terms is as essential as doing it verbally i.e. the correspondence between object-language (symbolic form)
and the metalanguage (verbal form, English in the present case) must be as precise and rigorous as possible
(e.g see page no. 20 of ref.[12]).

Since I have not found any instance in the literature where Cauchy explicated the importance of such an
issue, I consider (4) as Cauchy’s logico-linguistic slip, which should be considered as a nomenclature of
a fact rather than a negative critic of the respected gentleman. I have used the adjective “logico-linguistic”
because I am scrutinizing how reasonably the mathematical expressions convey the sense carried by the verbal
expressions i.e. reasoning and language are the matters of concern7.

In any case, the essence of this adjective will appear to be more justified as I proceed to explain the
significance of “∆y → 0” which can be elucidated through the following conversation where I shall consider
y and x (hence, ∆y and ∆x) as independent entities by ignoring any possible proposed interrelation.

5 Although Cauchy did not clarify the a priori independence of y and x, but it is quite obvious because, in physics, “y” and “x”
denote quantities with different physical dimensions like length, time, etc. which are denoted by distinct symbols L, T , etc.
More trivially, I believe, we use distinct symbols “y” and “x” when we want to express two a priori independent thoughts or
two thoughts which we believe to be a priori independent.

6 The author thanks B. Juarez Aubry for pointing out this issue.
7 One can alternatively use the adjective “semantic” instead of “logico-linguistic” in the present context. However, I prefer

“logico-linguistic” over “semantic” because the former coveys the meaning more explicitly. That is, the former is semantically
simpler than the later.
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Question: Why does it matter if “∆y → 0” is not written in the mathematical expression and how does
it affect our understanding of physics?

Answer: Writing “∆y → 0” matters because, if it is not written then the following three problem arises.

1. The ratio ∆y/∆x diverges as ∆x→ 0, rather than converging to some limit.

2. The mathematical expression is not a truthful conversion of the verbal statements of Cauchy.

3. The physicist does not realize why in some situations classical mechanics fails.

While the first two of the above three assertions can be immediately verified, the third assertion needs
more elaboration which I provide as follows. The physicist deals with quantities which are expressed in terms
of some standard quantity, called unit, of the same physical dimension e.g. length is expressed in terms
of length unit like meter, kilometer, etc.; time is expressed in terms of time unit like second, microsecond,
etc.[6]. Let me denote the chosen units of length and time as λ0 and T0 respectively i.e. λ0 stands for meter,
kilometer, etc. and T0 stands for second, microsecond, etc. I write the displacement (of an object as a whole)
as ∆x = ∆nxλ0 and the time lapse during this displacement as ∆t = ∆ntT0. Further, I call such expressions
as “physico-mathematical” due to the involvement of physical dimensions alongside the numbers ∆nx,∆nt.
Now, I note the following inter-conversion between verbal statements and physico-mathematical expressions
as follows:

“∆x is an infinitesimally small length compared to the length unit λ0” ⇔ ∆x≪ λ0 ⇔ ∆nx ≪ 1, (5)

“∆t is an infinitesimally small time compared to the time unit T0” ⇔ ∆t≪ T0 ⇔ ∆nt ≪ 1. (6)

I must write “∆nx → 0,∆nt → 0” instead of “∆nx ≪ 1,∆nt ≪ 1” in accord with the currently accepted
standard notation (however, see ref.[10] for an explanation of how the use of “0” can lead to logico-linguistic
fallacy). So, I adopt the following convention of writing:

∆nx ≪ 1 ⇔ ∆nx → 0, (7)

∆nx ≪ 1 ⇔ ∆nt → 0. (8)

Therefore, under the validity of the conditions (5) and (6), and using the notation adopted in (7) and (8),
instantaneous velocity can be defined, according to Cauchy’s definition of derivative as follows:

dx

dt
:= lim

∆nx→0
∆nt→0

∆x

∆t
=

 lim
∆nx→0
∆nt→0

∆nx
∆nt

 λ0

T0
= nvv0 3 nv := lim

∆nx→0
∆nt→0

∆nx
∆nt

& v0 :=
λ0

T0
. (9)

Now, to write down the laws of motion, the derivative of momentum needs to be defined according to Cauchy’s
prescription. So, let me consider momentum (p) to be a quantity in its own right (which is sufficient for
the present purpose). I denote a change in p as ∆p = ∆npp0, where p0 is the momentum unit in terms of
which ∆p is expressed. Then the instantaneous rate of change of momentum can only be defined when the
following condition is also fulfilled alongside condition (6):

“∆p is an infinitesimally small momentum compared to the momentum unit p0” ⇔ ∆p≪ p0 ⇔ ∆np ≪ 1. (10)

Then, adopting the usual convention of notation, I may write ∆np → 0 ⇔ ∆p ≪ p0, from which the
definition of instantaneous rate of change of momentum can be written from Cauchy’s prescription:

dp

dt
:= lim

∆np→0
∆nt→0

∆p

∆t
=

 lim
∆np→0
∆nt→0

∆np
∆nt

 p0

T0
= nFF0 3 nF := lim

∆np→0
∆nt→0

∆np
∆nt

& F0 :=
p0

T0
. (11)

Now, I may assert that the verbal statements of the laws of motion can only be expressed in physico-
mathematical terms to do further calculations if and only if instantaneous velocity and instantaneous rate of
change of momentum can be defined according to Cauchy’s prescription. In view of this, I may conclude that
the conditions (5), (6) and (10) need to remain valid so that classical mechanics is applicable. Consequently,
I can assert that the following derived condition needs to hold for the laws of motion and hence, classical
mechanics to be applicable:

∆x.∆p≪ L0 3 L0 := λ0p0, (12)
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which is obtained from (5) and (10) and L0 is an angular momentum unit. Then, I may now conclude that
the laws of motion, and hence classical mechanics, fail when either or both of (5) and (10) do not hold. This
failure can be written as

∆x.∆p & L0. (13)

Here, I have assumed that the condition (6) remains valid and did not bring it into discussion so that the
focus remains only on ∆x and ∆p because these quantities appear as the numerators in the definitions of
instantaneous velocity and instantaneous rate of change of momentum, respectively. In view of this, I hope,
I have been able to explain the significance of “∆y → 0” in the context of physics and, in the process, I have
justified my third assertion regarding how the physicist fails to realize the limitation of classical mechanics
owing to Cauchy’s logico-linguistic slip.

From the modern standpoint, the identification of “L0” with the Planck constant “h”[16] can be inves-
tigated upon by extending such inquiry further as follows. The time independent and the time dependent
Schroedinger equations for a massive free particle in one spatial dimension are written as follows, respectively:

−λ
2
c

8π

∂2ψ

∂x2
= ψ 3 λc =

h

mc
,E = mc2; (14)

iλ2
c

4π

∂2ψ

∂x2
= τc

∂ψ

∂t
3 λc =

h

mc
, cτc = λc. (15)

m = nmm0 is the mass of the particle where m0 is the mass unit in terms of which m is expressed. c = ncv0

is the velocity of light in vacuum8 expressed in terms of the velocity unit v0 = λ0/T0. h = nhL0 is the Planck
constant expressed in terms of the angular momentum unit L0. ψ is called wave function, which is a function
of the space and time variables, denoted by “x” and “t”, respectively. Identification of “L0” and “h” means
nh = 1 i.e. the units must be chosen accordingly. However, such a choice is associated with the following
doubts which ensue from the discussion regarding Cauchy’s logico-linguistic slip. To define “∂2ψ/∂x2”, at
first we need to define “∂ψ/∂x” and while doing so, the following two options arise:

Option 1: “∆x is infinitesimally small compared to λ0” ⇔ ∆x≪ λ0, (16)

Option 2: “∆x is infinitesimally small compared to λc” ⇔ ∆x≪ λc. (17)

Given the choice of units for nh = 1 to hold and considering the condition (13) as the flag bearer of quantum
mechanics, it now becomes an intricate play of reasoning because, along with the possibilities (16) and (17),
I need to take care of the relations among ∆p, p0,mc. Such reasoning needs to be done from direct experience
and intuition in the laboratory while dealing with measuring units and measured quantities, so as to both
refine and build upon formalism through inner/self-inquiry and outer inquiry, respectively. An investigation
is necessary for each and every step of the theory which now looks like a language that the experimenter
speaks in the laboratory while making measurements in the pursuit of truth and reality. After all, as Peres
boldly asserted from his “pragmatic and strictly instrumentalist” viewpoint, on page no. (xi) of ref.[17],
“quantum phenomena do not occur in a Hilbert space, they occur in a laboratory.”

Science could have developed in a different way without Cauchy’s logico-linguistic slip. Nevertheless,
history of science can not be changed, but lessons can be learned from such logico-linguistic, or semantically
driven, self-inquiry[10] to do science with better understanding and more refined reasoning. It is very much
true that we have an “endless road to rigour”[3]. But the road runs both outward and inward. As far as
the outward inquiry is concerned, Poincare did assert, on page no. 6 of ref.[13], that “it is precisely in the
proofs of the most elementary theorems that the authors of classic treatises have displayed the least precision
and rigour.” However, in view of this very short report regarding Cauchy’s logico-linguistic slip and its
immediate connection to the foundations of mechanics, that concerned Hilbert among others, I may humbly
assert, a la Poincare, that it is precisely in the semantics of the axioms and definitions that the authors of
classic treatises have displayed the least precision and rigour.

8 One may possibly object to the use of c in the context of “non-relativistic” quantum mechanics. To refute such a possible
objection I may assert that the measurement of c has nothing to do with the theories of relativity or quantum mechanics – it is
an experimental fact. Now, according to EPR’s condition of completeness of a theory, every element of physical reality must
have a counterpart in a physical theory and any physical quantity measured with certainty without disturbing the system
(which is light) has a corresponding element in physical reality[27]. Therefore, if Schroedinger’s equations are believed to
be the foundations of a physical theory, it is through EPR’s arguments that the involvement c is justified. Further, the
expression “E = mc2” which I have used in eq.(14) is just constructed through dimensional analysis.
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To add to this note, I may conclude with a logico-linguistic analysis of a very specific statement of
Schroedinger so as to explicate how, semantically, quantum mechanics and general relativity (geometry)
are founded on contradictory axioms. Indeed the issue is rooted to the axiom of “a point” which I have
mentioned as an example, at the very beginning, to explain what self-inquiry is. The statement of concern,
which Schroedinger wrote in the introductory paragraph of ref.[15], is the following:

“... material points consist of, or are nothing but, wave-systems.”

To analyze this statement, which is the founding “conception” of quantum mechanics according to
Schroedinger, let me first refine it by removing the ornamental phrase “or are nothing but” and deal with
the following statement considered as an axiom S, say.

S : Material points consist of wave-systems.

As far as my knowledge of English language is concerned, the above sentence means that any material
point consists of wave-systems and that is why we can generalize for more than one material point which
we write as “material points”. So, I may write that the following sentence is semantically equivalent to the
above statement.

S : A material point consists of wave-systems.

Now, the words “a material point” are synonymous to “a point-mass” in modern terminology and the
mechanics that deals with “a point-mass” is what we call point mechanics or classical mechanics[4]. So, the
above statement can be recast in the modern form as follows:

S : A point-mass consists of wave-systems.

This statement can be broken into the following two statements which I may consider as axioms individ-
ually.

P : A point-mass consists of parts. Q : Each part is called a wave-system.

Then, I can write:

S ≡ P ∧Q.

Here, the symbol “∧” means “logical conjunction” i.e. S is true if and only if both P and Q are true.
Now, as I have mentioned earlier, according to the first axiom of geometry stated by Euclid is the following:

A point is that which has no part. So, considering “which has no part” and “does not consist of parts” to
be semantically equivalent in this context, I can write the first axiom of geometry as follows:

A point does not consist of parts.

Since classical mechanics and hence general relativity is founded on the concept of “point-mass”, then the
founding axiom of general relativity is just a slight modification9 of the above statement that we write as
follows:

9 This “slight modification” is the consideration of the word “mass” alongside the word “point” to form the word “point-mass”.
Certainly a question can be raised whether such a modification is slight or not because, semantically, this modification leads
to a contradiction. However, then it becomes a question regarding what one means by the word “mass” which can give rise
to endless debates. When such debates arise regarding any theoretical aspect, then the experimental implementation of the
debatable ideas lead to the settlement i.e. what becomes of importance is how we implement an idea or become operational
with it. Certainly when experiment comes into question, then there is no place for debate that the words “point-mass” can
be considered to be justified because we do perform experiments whose data are interpreted in terms of equations which have
been written down based on the words “point-mass” and not just the word “point”.
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¬P : A point-mass does not consist of parts.

Here, the symbol “¬” means “logical negation”10. Now, it becomes trivial to see that if we want to
axiomatically think, in Hilbert’s way, of merging quantum mechanics and general relativity (for whatsoever
reasons) in a single theory, then such a theory should be founded on a contradiction: S ∧¬P ≡ P ∧¬P ∧Q.
That is, we can write the following:

General Relativity ∧Quantum Mechanics ≡ P ∧ ¬P ∧Q ∧ other axioms.

Thus, I may now assert, borrowing words from Gorban[3], that the “hidden contradiction” is now out of
its hideout, at least, from the “semantics of physics” in the pursuit of truth and reality through a “theory of
everything” that is supposed to be obtained by merging quantum theory and general relativity. It appears,
at least to me, that if “the logical clash between General Relativity and Quantum Theory”[3] is to be solved,
then the solution can be obtained through self-inquiry, like that of Klein’s intuition of replacing the abstract
concept of “a point” by the concrete and direct experience of “a small spot”[28, 29].

While this is the scenario associated with the semantics of “point-mass”, a further query arises in associa-
tion with light (mass less) propagation, where the word “point-mass” is replaced by “photon”. Since photon
does not have mass, but it is considered as a point and it does carry energy, I find it very tempting to call it
“point-energy” from the semantic perspective. The general practice is to generalize the axiom S for photon
or point-energy, say R:

R : A point-energy (photon) consists of wave-systems.

Although such an axiom is not stated explicitly, however it is only due to such generalization one can
make sense of “wave function of photon”[30, 31]. In view of this the following logical dilemma arises.

Can we explain energy propagation along a null geodesic (single ray) without using the formula E = hν,
or semantically speaking, without using the concept of “photon”? Considering a more specific context, can
gravitational red-shift11 be tested without using the formula E = hν, or semantically speaking, without using
the concept of “photon”? If yes, then which is the experiment? If no, then how can general relativity be
regarded as completely “classical” so that it can be “quantized” or can be merged with “quantum theory”?
e.g. see ref.[32]. In a nutshell, if we can not avoid using the formula E = hν or the word “photon” in general
relativity, then the theory contains three fundamental constants: (i) the gravitational constant (G) (ii) the
velocity of light in vacuum (c) (iii) the Planck constant (h). Therefore, there is an inherent dilemma within
general relativity: Is general relativity (gravity) completely classical or does it involve quantum theory?
I believe that such a dilemma is worth an investigation from Hilbert’s axiomatic perspective before one
attempts to write some theory of “quantum gravity” or some “theory of everything”[32].
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10 Of course, here I have considered classical logic.
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