
Organon F 27 (3) 2020: 325–345 ISSN 2585-7150 (online) 
https://doi.org/10.31577/orgf.2020.27303 ISSN 1335-0668 (print) 

* Tel-Hai College 
  Faculty of Humanities and Social Sciences, Tel-Hai College, Upper Galilee, 12208, 

Israel 
  orlydah@telhai.ac.il 

© The Author. Journal compilation © The Editorial Board, Organon F. 

This article is distributed under the terms of the Creative Commons Attri-
bution-NonCommercial 4.0 International Public License (CC BY-NC 4.0). 

RESEARCH ARTICLE 

Physical Constants as Identifiers of Modern Universal  
Laws of Nature 

Orli Dahan* 

Received: 18 January 2019 / Accepted: 3 December 2019 

Abstract: I argue that in modern algebraic-formulated science the 
‘physical constant’ can be understood, for practical purposes, as an 
‘identifier’ of a universal law of nature. This identifying role is possi-
ble because the concept of ‘physical constant’ fulfills the same need 
for universality, stability, and fundamentality (as universal laws) for 
increasing the epistemic value of a scientific theory. This can be 
demonstrated in two different ways. The first involves a thought ex-
periment envisioning science without physical constants, which ap-
pears to be a science of local and particular laws. The second is the 
observation that physical constants mostly emerge as components in 
an algebraic formulation of universal laws, but not in the algebraic 
formulation of particular laws. This observation about the link be-
tween physical constants and universal laws of nature, if correct, 
makes two contributions. First, it clarifies, at least partially, the am-
biguity in the use (and the absence) of the concept ‘law’ in contem-
porary science. Second, it can help in distinguishing between a uni-
versal law and a particular law, while avoiding one of the abiding 
philosophical problems regarding laws of nature—the problem of the 
ceteris-paribus criterion for a generalization. 
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1. Introduction 

 Physical constants are essential to current physical theories; they are 
values in many physics equations. Such constants include the velocity of 
light (c), Newton’s constant of gravitation (G), and Planck’s constant (h).1 
Physical constants are dimensional quantities with two fixed parameters: 
they are both constant at every point in space and have a constant value 
in time. In fact, physical constants have become so important to modern 
science, that it seems that every new grand physical theory introduces 
a new constant. For example, string theory and its coupling constant 
(Greene 2003, 303–06), or GRW in quantum mechanics and its new collapse 
constant (Frigg 2009). 
 In this paper, I argue for a conceptual link between modern physical 
constants and the concept of universal laws of nature. Defining ‘law of na-
ture’ (‘what is it to be a law?’) is not an easy task. Definitions vary widely 
among scientists and philosophers of science and are dependent upon one’s 
metaphysical commitments (see Caroll 2016). However, choosing a side in 
this age-old debate will not contribute to the primary goal here. So, for the 
purpose of this paper, I choose to define superficially the term ‘universal 
law’ via negation—contrasting it with the term ‘particular law.’ 1F

2 By ‘uni-
versal law,’ I mean a general statement that governs a class of phenomena 
and is universal in the sense that it has no exceptions: it appears to be 
applied everywhere in the universe in the same way. In this sense it is 
absolute and stable. A straightforward example of such a law is the law of 
inertia. It is universal in the sense that it governs all bodies in the world. 
In contrast, by ‘particular law’ I mean a general statement that governs 
a class of phenomena, but is particular in the sense that it cannot be applied 

                                                 
1  About 20 physical constants are known today, including, also, the rest mass of 
an electron (me), Avogadro constants (NA), and Boltzmann’s constant (kB).  
2  Definition via negation is popular in the field of philosophy of mind, where there 
is a long-standing discussion regarding how to define the concept ‘physical’ (see 
Crane and Mellor 1990). The most accepted way currently to solve this dilemma is 
‘via negativa.’ This solution proposes to render the term ‘mental’ as fundamental 
and to characterize the physical as ‘non-mental,’ i.e. defining the term ‘physical’ 
negatively (Dahan 2019; Fiorese 2016; Prelević 2017). 
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everywhere in the universe. In this sense it is conditional (rather than ab-
solute). A good example is natural selection. Natural selection is a key 
mechanism of evolution (the change in the heritable traits characteristic of 
a population over generations), but it is not universal, for it is applicable 
only to organisms and not to non-vital objects. Another example from phys-
ics itself is Ohm’s law, which is conditional, for is not applicable in extreme 
temperatures, or in some electrical components such as semiconductors.3  
 Caroll (2016) considers whether philosophy can advance beyond the dis-
pute over laws of nature given the question of whether lawhood is a neces-
sary component of scientific theories. We can see that in current physics, 
the status of the nomic term “law of nature” has practically fallen from 
grace, as opposed to (for example) its status at the time of the scientific 
revolution (see Ruby 1986; Shapin 1996; Zilsel 1942).4 For example, we still 
use the term “the laws of motion,” or “Newton’s second law,” but we do 
not refer to the equations of quantum mechanics (QM) as ‘laws.’ Are the 
uncertainty principle or Schrödinger equation laws of QM? Are they uni-
versal laws in the meaning that “Newton’s second law” was considered 
a universal law? According to Reutlinger et al. (2017), the Schrödinger 
equation clearly fits the traditional concept of a universal law. Either way, 
it can be said that the term “law” is absent from current, formal state-
ments of modern theoretical physics. Indeed, according to Milton (1981), 
the discoveries of modern physics since Maxwell (1831–1879) have for the 
most part been expressed in terms of principles and equations rather than 
laws.  

                                                 
3  This particular example will be discussed in Section 3. 
4  According to Shapin (1996), sixteenth and seventeenth century scientists and 
philosophers disputed the question whether science must be a mathematically for-
mulated binding set of laws of nature, or whether mathematical representations 
could actually capture the contingencies and complexities of real natural processes 
(Shapin 1996, 58-59). Robert Boyle (1627–1691), for example, was uncomfortable 
with the common understanding of the concept ‘laws of nature,’ and repeatedly 
cautioned that it should be used carefully—moving from observed regularities to 
laws of nature obviates the factor of God’s pleasure, power, and willing (Shapin 1996, 
150). This discussion is evidence that the concept ‘law of nature’ was central at that 
time.  
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 I carefully assume that maybe the partial absence of ‘laws’ in theoretical 
physics is due to the existence in modern physics of other underlying prin-
ciples, such as symmetries and super-symmetries, which are not laws but 
rather constraints upon phenomena, laws, and theories.5 Such a constraint 
can be seen in Fermat’s principle. This principle is not a law, but serves as 
a guiding principle in the formulation of physical laws using the calculus of 
variations.6 Other constraints are symmetry principles in physics, such as 
Noether’s theorem, which states that every differentiable symmetry of the 
action of a physical system has a corresponding conservation law (Rosen 
1989).7  
 Nonetheless, even in current science we do use the term ‘law.’ However, 
this term, it seems, is used in science without distinction between universal 
law and particular law. This also happens in the field of physics itself. For 
example, we use the term ‘law’ in order to refer to “the law of gravitation,” 
which is considered a universal law, and we use the term ‘law’ to refer to 
“Ohm’s law,” which is not considered a universal law. The same can be said 
with regard to the “ideal gas law” (universal law) and the “Boyle-Mariotte 
law,” a special case of the ideal gas law, hence not a universal law. As noted, 
the ambiguity is also in the other direction: laws in fundamental physics 
are not called ‘law’ anymore. For example, the Schrödinger equation in QM 
is called an ‘equation’ even though it is one of the important laws of QM. 
This ambiguity in the use (and the non-use) of the term ‘law’ in modern 
physics calls for explanation and clarification, for it is possible that in  
                                                 
5  The relationship between laws and constraints in physics is worth examination. 
For example, can a law be a specific type of constraint? This discussion, however, is 
beyond the scope of this paper, and the answer to this question will not affect the 
arguments presented here.  
6  For an empirical example see (Westphal et al. 2002).  
7  Rosen (1989), for example, shows that when following the definition of symmetry 
as invariance under transformation, both reproducibility and predictability are kinds 
of symmetry. And since reproducibility and predictability are the two most funda-
mental principles of science—he argues that symmetry not only serves within science 
but actually lies at its very foundation. In my opinion, Rosen’s approach is as an 
example for the falling from grace of the term “law of nature” in the realm of theo-
retical physics during the 20th and 21st centuries, and the rise of new terms (other 
than ‘universal law of nature’) that are considered fundamental and more essential. 
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algebraic-formulated fundamental science we use the term ‘law’ vaguely, or 
sometimes do not use it at all.8,9  
 The straightforward conceptual link between the two concepts—‘law of 
nature’ and ‘physical constant’—is obvious: both are connected to funda-
mentality, universality, and stability. However, it is also clear that these 
terms refer to different entities with different logical formulations—a nec-
essary relation in the case of laws of nature, and a contingent quantity in 
the case of physical constants. Nevertheless, from the introduction it follows 
that there are (at least) two main reasons that a philosophical investigation 
of the link between physical constants and laws of nature is needed. The 
first reason is that the latter term is still in use, yet its use is typically 
ambiguous. The second reason is that a new concept appeared in the physics 
of the late 19th century—the ‘physical constant’—which became an im-
portant component of physical theories,10 and has a straightforward, con-
ceptual link to the senior concept ‘universal law of nature.’ 
 In this paper, I propose a method for distinguishing between universal 
and particular ‘law’ using the concept of physical constants. I will suggest 
the observation that physical constants generally emerge as components in 
the algebraic formulation of universal law, but not in the algebraic formu-
lation of particular laws. Thus, I will investigate the hypothesis that phys-
ical constants, although clearly referring to different entities, can be used 

                                                 
8  In fact, it would be interesting to check whether all laws termed specifically as 
‘laws’ in modern physics are older than the 20th century (before the age of physical 
constants) while newer ‘laws’ are not called laws anymore (such as in QM and rela-
tivity). If true, the question is then whether the source of this change is the ambi-
guity in the concept ‘law,’ the shift to algebraical formulations in physics, or another 
reason. However, analysis of the historical reasons for the use and non-use of the 
term ‘law’ in modern physics is beyond the scope of this paper.  
9  A note is needed here: I am primarily making a sociological-historical claim about 
how scientists talk about ‘laws,’ ‘constraints,’ and ‘constants,’ and not a philosoph-
ical claim about how I think scientists should talk about these terms.  
10  Newton’s constant of gravitation (G) was clearly the first universal physical 
constant to appear, but its value was empirically calculated only at the end of the 
18th century by Henry Cavendish (1731–1810; Clotfelter 1987). Furthermore, the 
constant was given a symbol (the letter G) only in 1873, 186 years after Newton’s 
Principia (in Cornu and Baille 1873). 



330  Orli Dahan 

Organon F 27 (3) 2020: 325–345 

for testing the way we think of a certain phenomenon, field, branch of sci-
ence, or even science in general: whether a phenomenon is fundamental in 
the sense that it is governed by universal laws, or whether it is (only) local 
and governed by particular laws. Using a thought experiment, I suggest 
that in modern science, the role of physical constants differs in theories that 
have differing scopes. 
 In Section 2, I present my thought experiment: what would physical 
science look like if we came to understand that the fundamental physical 
constants are not constants at all and, in fact, that there are no such stable 
physical quantities. The thought experiment is a framework for thinking 
about one of the functions of physical constants in science, and for suggest-
ing my reflections on the conceptual link between constants and universal 
laws. In Section 3, I give examples to further the following objectives: (a) 
to support my hypothesis that physical constants emerge as components in 
the algebraic formulation of universal laws, but not in the algebraic formu-
lation of particular laws; (b) to further clarify my philosophical principle 
that physical constants are identifiers of universal laws, and the limitations 
of this principle (i.e. only in algebraic formulated science); and (c) to demon-
strate how my principle can help us distinguish between a universal law 
and a particular law, while avoiding one of the abiding philosophical prob-
lems regarding laws of nature (the ceteris-paribus criterion for a generaliza-
tion). In Section 5, I conclude this philosophical investigation and in Section 
6, I discuss possible implications for the ideas presented.  

2. The thought experiment: modern physics  
without physical constants 

 To set the ground for my thought experiment, a short analysis of the 
concept “physical constant” is in place. What is it to be a physical constant? 
Or, stated differently: what are the necessary conditions for a physical quan-
tity to gain the status of a physical constant? The straightforward answer 
is that this quantity must be unchangeable in space and in time, in the 
meaning of ‘steady.’ This simple definition also applies to one of the features 
of a universal law of nature, which is supposed to govern all phenomena at 
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all points in space, and at all times. In fact, this is, I think, the meaning of 
‘universality.’ So, in this simple matter of superficial definitions, we can see 
that there might be a connection between the two concepts.  
 Now, suppose we were to discover in the near future that all fundamen-
tal physical constants are not constant at all. More precisely, we learn that 
we were wrong to believe that these physical quantities are fixed quantities: 
either we come to understand that the constants are not constants (for 
example we will find out that the speed of light in a vacuum is not the 
maximum speed of massless particles), or that they do not exist at all 
(something like the mistake Einstein made with the cosmological con-
stant).11 The question this thought experiment is addressing, which I will 
answer throughout this paper, is the following: how does this imaginary 
scenario affect physics?  
 To answer this question, we first need to ask what makes a physical 
constant, constant, and how do we come to understand that a certain phys-
ical quantity is not really a constant physical quantity?  
 In fact, the thought experiment I propose is not so far-fetched, for there 
are various discussions in the literature regarding this possibility.12 Moreo-
ver, the reverse of this thought experiment is basically how we give a specific 
dimensional physical quantity its status as a physical constant, for in some 
cases, we come to understand that a certain dimensional physical quantity 
is universally constant after initially thinking it a ‘particular’ constant. The 
most straightforward example is the speed of light c: when it was first meas-
ured, it was only a characteristic of a particular system.13 However, with 
the development of classical electromagnetism, it became a characteristic of 
a class of physical phenomena (electromagnetic phenomena). Only with the 

                                                 
11  For more about Einstein’s mistake regarding the cosmological constant (Λ) see 
(Harvey and Schucking 2000). For a review of the basic physics and astronomy of 
the subject and the history of this idea see (Peebles and Ratra 2003).  
12  For example, Mangano et al. (2015) consider the possibility that the Planck 
constant is a time dependent quantity, undergoing random Gaussian fluctuations 
around its measured constant mean value. Support for this possibility is derived 
from Dirac’s idea that fundamental constants are dynamic variables and from con-
jectures on quantum structure of space–time at small distances.  
13  For the history of measuring the speed of light see (Romer and Cohen 1940). 
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discovery of special relativity did the speed of light become a physical con-
stant (Lévy-Leblond 1979).  
 As noted above, physical constants have two fixed parameters: they are 
dimensional quantities that are both constant at every point in space and 
have a constant value in time. But are these two parameters necessary for 
the constants to be universal in nature? According to Uzan (2011), “Any 
[physical] constant varying in space and/or time would reflect the existence 
of an almost massless field that couples to matter. This will induce a viola-
tion of the universality of free fall. Thus, it is of utmost importance for our 
understanding of gravity and of the domain of validity of general relativity 
to test for their constancy.” 
 In principle, however, it is conceivable to have a physical constant that 
changes in time, but stays fixed for all points in space. For example, if we 
were to discover that G, the universal gravitational constant, changes 
slightly in time (periodically or linearly), and this change in time has some 
fixed regularity that is, in principle, determinate, quantifiable and predict-
able—then G is still a physical constant because it is constant at any point 
of the universe at a certain time—it is not local. 
 However, if we were to discover that G’s value on earth is not the same 
as on one of Jupiter’s moons, then it appears that we will have to deprive 
G of its status as a physical constant. And why? Because it is obvious that 
what is really unique about the physical constants is that they are constant 
at every point in space at a certain time. Now, if we discover that G is not 
a constant, the true implication of this discovery will be that the law of 
gravitation is not universal, as we thought it was. In this case, we will have 
to accept the fact that this law is a local law, for it does not govern the 
phenomenon of free fall on one of Jupiter’s moons in the same manner it 
governs this phenomenon on earth.  
 In order to examine the implications for science of the elimination of 
physical constants, must I check all (around) 20 physical constants known 
today? I believe the answer is negative and that it is sufficient for the pur-
pose of this thought experiment to consider only the three fundamental 
constants, G, c and h.14  
                                                 
14  In fact, Matsas et al. (2007) argue that even these three can be reduced to just 
two fundamental constants (they prefer eliminating G, but apparently any of the 
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 Let us now consider the other two fundamental physical quantities: the 
speed of light (c) and the Planck constant (h). As noted above, initially the 
speed of light was not considered a universal constant, so it is simple to 
imagine how reversion to this understanding will affect current physics. If, 
in the near future, we come to realize that c is not a constant quantity,15 
this ‘constant’ will probably revert to its former status as a characteristic 
of a particular system, or a characteristic of electromagnetic phenomena. 
But how will that affect what we think of electromagnetic phenomena? Will 
it still be considered a fundamental phenomenon? I hypothesize that if we 
discover that the other constants relevant to electromagnetic phenomena, 
such as the Planck constant (h) and electrostatic constant (ke), are not con-
stants, then the answer is affirmative: we will probably consider that elec-
tromagnetic phenomena are not universal. They may be considered local 
phenomena, or perhaps candidates for a special case of more fundamental 
phenomena. Consequently, the laws of electromagnetics will be considered 
particular laws and not universal laws. And what would that do to relativity 
theory? If c is no longer a physical quantity independent of any frame of 
reference—then it seems that relativity theory can no longer be considered 
a fundamental theory. Relativity theory cannot be a theory describing the 
whole universe, for it is not universal anymore.  
 The same point can be made regarding the Planck constant h: this con-
stant is the most central to quantum mechanics. If we come to understand 
that this constant is not fixed at all places in the universe—it seems that 
we will have to construct a completely new fundamental physics.16  
                                                 
three is a candidate), and that their proof is model independent. This also indicates 
that the long search of fundamental science for a universal law of nature (an under-
lying law that governs all there is) has shifted in contemporary science. In physics 
today, ‘laws’ are just another component of a scientific theory, and it even seems 
that the main focus of reduction is not laws, as it once seemed to be. 
15  For example, we will find out that c is not the finite speed of massless particles 
on Jupiter, and that it seems that only on Jupiter and beyond, the finite speed is 
350,000 km/s.  
16  No one really knows how this ‘new physics’ will look, if we come to understand 
that the constants are not constants. As Barrow and Webb (2005) conclude: “The 
constants are a tantalizing mystery. Every equation of physics is filled with them, 
and they seem so prosaic that people tend to forget how unaccountable their values 
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 For example, Lizzi et al. (2016) discuss the possibility that the funda-
mental Planck constant has stochastic fluctuations, set by a possible quan-
tum structure of space-time. It is worth noting that although being time 
dependent is a nontrivial affair for fundamental dimensional quantities, this 
possibility is being discussed currently in the field of theoretical physics. 
However, I have not found discussions in the literature of physical science 
regarding the possibility that this constant (or the other fundamental con-
stants) may not be constant in space. This possibility would change the quan-
tity from universal to local and undeserving of the status of ‘physical con-
stant;’ yet, determinable regular changes in time while remaining constant in 
space would not deprive h of its characterization as a physical constant. 
 Since modern day universal laws of physics are essentially these universal 
equations, if we come to understand that there are no true physical constants 
in fundamental science, it seems that we will have to give up universality 
within the equations themselves: we will have only local laws. This will not 
necessarily affect other components of physical theories (such as underlying 
principles). However, laws that are expressed in modern science in the form 
of algebraic equations will have to be regarded as local laws only.  
 This thought experiment demonstrates that what is unique about phys-
ical constants is that they are fixed for all points in space. If we waive that 
requirement—then what we get is locality, which is (in this context) the 
opposite of universality. Thus, it seems to me that current universal laws 
whose physical constants are not strictly universal (the value can remain in 
the equation as a sort of ‘local quantity;’ as with c before general relativity) 
actually become particular laws. Hence, I draw the following hypothesis: 

i. Algebraic science (like ours) without physical constants is the science 
of particular laws that govern (in the best case) only a class of phys-
ical phenomena. 

                                                 
are. Their origin is bound up with some of the grandest questions of modern science, 
from the unification of physics to the expansion of the universe. They may be the 
superficial shadow of a structure larger and more complex than the three-dimensional 
universe we witness around us. Determining whether constants are truly constant is 
only the first step on a path that leads to a deeper and wider appreciation of that 
ultimate vista.” 
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From this it (carefully) follows that: 

ii. A law constructed in an algebraic modern formulation that is based 
upon a physical constant prima facia fits the definition of a ‘universal 
law.’ 

Hence:  

iii. In an algebraic formulated science (like ours), a physical constant 
can be seen, at least in practice, as an identifier of a ‘universal law 
of nature.’  

This conclusion can also be described as a philosophical principle:  

iv. In an algebraic formulated science, the presence or absence of phys-
ical constants can be used in order to distinguish between universal 
laws and particular laws respectively, in the manner I suggested in 
the beginning of the paper. Put more generally, physical constants 
can be used as an identifier for testing the way we think of a certain 
phenomenon, field, or branch of science; i.e. whether a phenomenon 
is fundamental and universal, or whether it is local and particular.  

 Two qualifications are required:  
 The first note is that this is not a knock down argument, but rather 
a pragmatic argument for those trying to better understand and clarify cur-
rent scientific practice. It is based on an observation regarding the appear-
ance and absence of physical constants in physical equations, and a seman-
tic analysis of the practical meaning of what it is to be a ‘physical constant’ 
in relation to a ‘universal law.’ For this reason, the principle I suggest is to 
be used carefully. Nonetheless, in Sections 3, I provide examples that sup-
port this principle.  
 The second note relates to the condition “in an algebraic formulated 
science.” This condition is meant to emphasize that I am not arguing that 
physical constants are metaphysically necessary for formulating a universal 
law of nature.17 This is due to the fact that physical constants emerged in 

                                                 
17  Many discussions in current literature concern the question of why physical con-
stants have the values they have, and what would happen if they had other values 
(e.g. anthropic principles), assuming, perhaps, that physical constants reveal some 
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science only after the development of calculus and, in fact, it seems that 
the physical constants emerge when we translate a universal law (described 
verbally or geometrically) into an algebraic equation. Various examples 
demonstrate this emergence, such as the electrostatic constant in Coulomb’s 
law, or the gravitational constant in Newtonian theory—the later will be 
discussed in Section 3. When a law is not expressed algebraically, there is 
no physical constant involved.18 This does not mean that the law is not 
universal.19 For example, it is in fact possible to imagine hypothetical intel-
ligent creatures constructing an advanced science using a completely differ-
ent language (a new geometry or other unknown language) that is capable 
of describing and explaining all the phenomena that our algebraic formu-
lated science currently describes and explains—without the need for a single 
physical constant.20  

                                                 
deeper truth about order in the universe, or the meaning of the universe (see Smeenk 
and Ellis 2017). This paper, however, examines the concept of physical constants 
from a metaphysical neutral point of view, for it is possible that constants are simply 
a tool of a specific language. Even if they are only a tool of calculus, the examination 
is of interest given the relation of physical constants with the concept of ‘law of 
nature.’ The kind of discussion I engage in here is, as far as I know, absent from 
current literature.  
18  In Coulomb’s original book (Coulomb 1785), it is clear that like in the Principia, 
Coulomb’s law is introduced in a descriptive manner, without a physical constant. 
As with the gravitational constant (G), the electrostatic constant (ke) appears only 
later, when the law is formulated algebraically. 
19  The law of inertia can also be given as an example of a universal law that does 
not have a constant. However, it is not formulated algebraically, so my principle 
does not apply.  
20  There is a view that distinguishes between dimensional and dimensionless con-
stants. For example, according to Duff (2015), dimensional constants, such as h, c, 
G, e, or k, are merely human constructs whose number and values differ from one 
choice of units to the next. On the other hand, only dimensionless numbers such as 
the fine structure constant, α, are independent of one’s choice of units or measuring 
apparatus. Duff argues that in this sense only dimensionless constants are funda-
mental. However, the distinction and principle I suggest do not, in any sense, take 
a side in this issue. My purpose is different, and although related to the question of 
fundamental (or universal) laws—does not imply anything regarding the necessity 
nature of physical constants.  
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3. Test cases and limitations: physical constants  
as identifiers of universal laws 

 In this section I introduce and briefly discuss two test cases in order to 
contextualize and further clarify my argument. The discussions presented 
have three purposes. The first purpose is to support my hypothesis that 
physical constants emerge as components in algebraic formulations of uni-
versal laws, but not in algebraic formulations of particular laws. The second 
purpose is to further clarify my philosophical principle that physical con-
stants can be seen as identifiers of universal laws, and the limitations of this 
principle (it can be applied only in algebraic formulated science). The third 
is to show that in a way, my principle can help distinguish between a uni-
versal law and a particular law, while avoiding one of the long standing 
philosophical problems regarding laws of nature—the ceteris-paribus crite-
rion for a generalization.  

3.1. Kepler’s laws versus Newton’s laws21 

 Kepler’s laws (Kepler [1609] 1937; [1619] 1997) were intended to describe 
only the solar system, whereas Newton’s laws were supposed to be universal 
                                                 
21  It might appear that using Newtonian gravitation is not exactly the best example 
to a universal law, because Newton’s law of gravity does not apply at speeds ap-
proaching the speed of light or in high gravitational fields, so how is it universal? 
A clarification is needed: It is, in fact, possible to imagine a hypothetical possible 
universe, in which the true physical theory is the Newtonian physics. It is clear that 
in that imaginary universe, Newton’s law of gravitation is a truly universal law. But 
the truth value of a theory has nothing to do with whether it is universal or partic-
ular. In our universe, we currently refer to general relativity theory as the theory 
that governs the universe—but we cannot be sure that this theory is the true theory. 
The “true” theory of our actual universe could turn out in the future to be something 
completely different. However, whatever will become of fundamental physics in the 
future—the form of general relativity, exactly as the form of Newtonian physics, is 
general and universal, whether it is true or not. In other words, whether we identify 
a law or a theory as universal or not, has nothing to do with its truth value, but it 
depends on its pretense: if it was true—it is supposed to be applied to any place in 
the universe. Furthermore, in the case of Newton’s law of gravitation—it is not 
a true law. It so happens that we use it, for our convenience, because in most cases 
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(Smith 2008). Isaac Newton (1642–1727) devised his laws of motion and 
gravitation (Newton 1687) in such a way that Kepler’s laws can be derived 
from them (Smith 2008).22 
 That Kepler’s laws are not universal is not entirely straightforward, in 
a sense, because Kepler’s laws are not only true for the solar system, but 
for any system of planets that have a gravitational force that is proportional 
to the inverse square of the distance between them. For example, they are 
true for systems of binary stars, or systems of a moon and a planet. But 
arguing that Kepler’s laws are universal laws on this basis begs the question, 
for it is equal to saying that Kepler’s laws are valid for every system to 
which the laws apply. This obviously empties the concept ‘universal’ of its 
meaning, and it is also not the universality for which we are looking.  
 Kepler’s laws are an example of one of the long-standing disputes about 
laws of nature: the problem of the distinction between strict generalizations 
(that are usually taken to be, at the very least, true, universal statements 
that support counterfactual claims) and ceteris-paribus generalizations 
(that are usually taken to “have exceptions,” to be “non-universal” or “to 
be ceteris paribus laws”) (Reutlinger et al. 2017). The claim is that while 
in theory this distinction is easy enough to understand, in practice it is 
often difficult to distinguish strict from ceteris-paribus generalizations, be-
cause many statements with no explicit ceteris-paribus clause implicitly do 
have such a clause (Carroll 2016). In our example, the ceteris-paribus clause 
in Kepler’s laws is explicit—for it is not true for systems that are not of 
                                                 
we are not approaching the speed of light or are found in high gravitational fields. 
Physicists say that the Newtonian theory is approximate at low speeds. But the term 
‘approximate’ implies that it is not accurate—only close enough. It doesn’t change 
the fact that the Newtonian laws do not govern our world, and if we want to be 
100% accurate, we need to use other theory, and not Newton’s theory.  
22  Johannes Kepler (1571–1630) built upon Copernicus’s work to create a much 
more accurate description of the solar system (Rabin 2015). The first law establishes 
that the orbit of a planet is an ellipse with the sun as one of the foci. According to 
the second law, the radius vector from the sun to a planet sweeps out equal areas in 
equal times, which means that the planet travels faster when closer to the sun and 
slower when farther from the sun. The third law (the “harmonic law”) captures the 
relationship between the distance of planets from the sun and their orbital periods 
(Di Liscia 2017).  
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binary stars. However, one can argue that the ceteris-paribus clause also 
exists in Newton’s law of gravitation. For example, Cartwright (2002) is 
usually understood to be an advocate of ceteris paribus laws in science, 
including physics. More precisely, Cartwright is understood to be against 
the use of laws in scientific explanations, including physics, exactly because 
all laws in physics use ceteris paribus. Indeed, all areas of science use ideal-
istic assumptions to simplify things: physicists describe motion on friction-
less surfaces because it is too difficult to explore everything at once. A sim-
plistic model removes confusing factors and focuses on a specific parameter. 
Furthermore, when it comes to testing, we test ceteris paribus laws in ex-
actly the same way that we test laws without the ceteris paribus anteced-
ent. However, the presence of a ceteris paribus antecedent forces us to take 
into account important procedures when designing experiments. 
 This can be somewhat confusing, since knowing that the laws of Kepler 
can be derived from Newton’s laws makes us think, with considerable con-
fidence, that Newton’s laws are universal, while Kepler’s laws are particular. 
Minimally, we might think that Newtonian laws are more universal than 
Kepler’s laws. Hence, the distinction between strict generalizations and ce-
teris-paribus generalizations is insufficient in practice.  
 When converted to algebraic equations, in both Kepler’s laws and New-
ton’s laws a constant emerges.23 However, the fixed ratio in Kepler’s third 
law does not remain steady but is different for each system. This constant 
depends upon the mass of the planets in the system, so when the masses 
are different—the constant changes. In contrast, in Newton’s law of gravi-
tation, the constant is universal, for it remains steady across space and 
types of physical systems no matter what their mass. This explains why the 
constant in Kepler’s law is not a physical constant in the same sense I am 
dealing with in this paper. Hence, it is clear that the principle I am offering 

                                                 
23  This outcome demonstrates that a constant is in no way a necessary element of 
a universal law of nature—it is, in fact, a consequence of the translation of a universal 
law to an algebraic equation. For the sake of discussion, if we were constructing 
a fundamental science in some other language (such as verbal or geometric), perhaps 
there would be no need for physical constants at all in order to describe a universal 
law of nature.  
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helps us distinguish between a universal law and a particular law while 
avoiding the problem of the ceteris-paribus criterion for a generalization.  

3.2. One more particular law without a constant 

 Ohm’s law (Ohm 1905, original work published in German 1827) is an 
equation (R = V/I) that describes the relationship between the current 
through a conductor between two points in units of amperes (I), the voltage 
measured across the two points in units of volts (V), and the resistance of 
the conductor in units of ohms (R). This law was named after the German 
physicist Georg Ohm (1789–1854), who carried out and described measure-
ments of applied voltage and current through simple electrical circuits con-
taining various lengths of wire. Ohm’s law is an empirical law, that is, 
a generalization from many experiments that have shown that the current 
is approximately proportional to electric field for most materials.  
 According to Weber et al. (2012), in the early 20th century, it was 
thought that Ohm’s law would fail at the atomic scale, but in fact it was 
observed on a wide range of scale lengths. Moreover, Weber et al. (2012) 
demonstrated that Ohm’s law works for silicon wires as small as four atoms 
wide and one atom high. However, Ohm’s law is not considered a universal 
law, because any given material will break down (electrical breakdown) un-
der a strong-enough electric field, and some materials of interest in electrical 
engineering are “non-ohmic” under weak fields (Griffiths 1999, 289). Thus, 
Ohm’s law is a particular law of a certain class of phenomena, because it 
cannot show a linear, determinate and regular relation between voltage and 
current maintained across time. For example, in extreme temperatures the 
linear ratio is not maintained, and there are electrical components, such as 
semiconductors, for which the ratio between voltage and current is a non-
linear and unpredictable one. 
 I believe that this example strengthen the philosophical principle I have 
suggested regarding physical constants as identifiers of universal laws. Sim-
ilar to the case of Kepler’s laws, Ohm’s law’s particular status seems to 
follow from a non-universality of matter. Moreover, there is no physical 
constant in Ohm’s law formulated algebraically.  
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4. Concluding remarks and further implications of the idea 

 I have argued that at least in current science, there is a link between 
physical constants and universal laws of nature. I suggested that a physical 
constant can be seen as an identifier of a universal law of nature in alge-
braically formulated science. This observation might help us avoid problems 
in defining a universal versus particular law, such as strict generalizations 
versus ceteris paribus generalizations. It can also help clear ambiguity in 
the use of the term ‘law’ in modern physics, for it seems that we use the 
term ‘law’ rather loosely.  
 I started with two basic observations. The first was that in modern 
physics, the nomic term “law of nature” (or ‘universal law of nature’) has 
practically fallen from grace. While this term is still in use, we use it without 
differentiating between particular and universal law. Moreover, there are 
many cases in fundamental physics where universal laws are not called 
‘laws’ at all, but ‘equations’ or ‘principles.’ The second observation is that 
a new term emerged in the late 19th century and early 20th century—the 
‘physical constant.’24 The physical constant became so important in current, 
fundamental science that every new theory ‘baptizes’ a new physical con-
stant. On the face of it, I have indicated that there is a superficial link 
between these two concepts: both laws of nature and physical constants are 
supposed to be universal and fundamental.  
 In order to test this link, I constructed a thought experiment, asking the 
question how science would look void of constants, for example, if we were 
to find that the three fundamental constants c, h and G are not fixed at 
every point in space. The answer was that it will be a science of particular 
laws, governing classes of phenomena. If my philosophical principle is cor-
rect, it can be used as a method to distinguish between a universal law and 
a particular law. Thus, physical constants can help us test the way we think 
of a certain phenomenon, field, or branch of science—whether a phenomenon 

                                                 
24  One can emphasize the technical aspect of my observation: clearly the use of 
physical constants emerged in science due to the use of the algebraic language of 
calculus and the rise of the international system of units (SI), thus there is nothing 
special about these quantities. However, I am not arguing here that these physical 
quantities are a metaphysical necessity.  
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is fundamental and universal, or whether it is (only) local and particular. 
For example, I suggested that there is a sense in which both the ‘uncertainty 
principle’ and Schrödinger equation, though referred to in physical science 
as ‘principle’ and ‘equation’ respectively—in fact deserve the title ‘universal 
law.’ Nevertheless, other so called ‘laws’ in science are not universal laws 
(such as Ohm’s law or Kepler’s laws) but particular generalizations. 
 I believe that my hypothesis offers new ways to investigate these notions 
from a philosophical point of view. According to Carroll, “more attention 
needs to be paid to the language used to report what are the laws and the 
language used to express the laws themselves. It is clear that recent disputes 
about generalizations in physics and the special sciences turn on precisely 
these matters, but exploring them may also pay dividends on central mat-
ters regarding ontology, realism vs. antirealism, and supervenience” (Carroll 
2016). In a way, this paper is doing exactly this: paying attention to the 
contemporary language of universal laws, which is, in our case algebraic.  
 A further implication of the proposition that a physical constant can be 
an identifier of a universal law of nature is the following hypothesis: since 
the rise of physical constants, they can be seen (de facto) in an algebraic 
formulated science as a substitute for the historical concept ‘law of nature.’ 
This might answer Caroll’s (2016) question how can philosophy advance 
beyond the long standing disputes over laws of nature. An interesting pos-
sibility is that perhaps lawhood is not supposed to be part of the content 
of algebraic formulated scientific theories. In that formulation we have 
other, more suitable content in the form of a physical constant, which fulfills 
the same need for universality, stability, and fundamentality (as universal 
laws)—but from within the theory itself. This claim of ‘replacement’ is 
surely stronger than what I suggested here regarding the physical constants 
as identifiers of universal laws. If taken seriously, the claim must be devel-
oped further, because the only connection between universal laws and phys-
ical constants may be that both a universal law and a constant are univer-
sal, and that both are invariant across time and space. That connection is 
clearly insufficient for a stronger claim of replacement. 
 Lastly, the principle I suggested might also shed light upon an old con-
troversy: can there be any special-science universal laws? If my hypothesis 
is correct, then the answer is basically affirmative—if a universal and  
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invariant constant is rooted in the equations of a special science, its presence 
would imply that the law is universal and not particular. 
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