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Abstract
Newton claimed to have proven the heterogeneity of sunlight by experiment. Olaf Müller 
argues that one could likewise prove the heterogeneity of darkness from inverting New-
ton’s experiments. Müller concludes that both, Newton’s proofs and his underlying meth-
odology, are inconclusive and that Newton’s theory is underdetermined. This paper argues 
that Müller’s criticism is not justified because the conducted inverted experiments to which 
Müller refers do not replace Newton’s source of light with a source of darkness. Therefore, 
Müller does not refute Newton’s methodology, nor does he provide an example of underde-
termined theories.
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1  Introduction

Newton claims to have proven the heterogeneity of light by experiment, notably by his 
experimentum crucis (Newton 1671; 1730, 3078–3079 Theorem  2 / Experiment 6; cf. 
Lampert 2021 for an explanation of Newton’s proof and his inductive method). Taking up 
an argument of Goethe (1810a, 86), Müller argues that Newton’s claim can be reduced to 
absurdity by applying his methodology to inverted experiments such as the experimentum 
lucis and, thus, proving the heterogeneity of darkness (Müller 2015a; 2016). As a result, 
Müller claims that Newton’s proof is based on the hypothesis that light causes vision, while 
darkness does not (Müller 2015a, 149, Hypothesis (K)). This hypothesis could be replaced 
by the hypothesis that darkness causes vision, while light does not (Müller 2015a, 150, 
Hypothesis ( K)). For Müller, the theories based on these alternative hypotheses are exam-
ples of two empirically equivalent but incompatible theories and, thus, concrete (non-uni-
versal) theories that exemplify Quine’s thesis of underdetermination in Quine (1975).

Quine was unable to give clear examples of underdetermined theories. He was content 
to state his thesis for universal theories, which face a maximum of data. Since such univer-
sal theories do not exist and clear examples of non-universal theories for specific data are 
lacking, Quine’s thesis has been criticised as speculative, e.g. by Earman (1993, 31–32; cf. 
Lyre 2018 for a detailed discussion). Thus, Müller’s exemplification of Quine’s thesis by an 
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empirically equivalent alternative for Newton’s theory would indeed be an important con-
tribution to the notorious problem of specifying examples for Quine’s thesis.

Falkenburg (2015), Strohbach (2015), and Lyre (2018) argue that a theory of darkness 
is at best an example of weak (transient) underdetermination that is based on the empirical 
data concerning prismatic experiments and outdated by modern physics, e.g. thermody-
namics or big bang theory.1 However, they do not argue against the possibility of inverting 
Newton’s prismatic experiments (cf. Falkenburg 2015; Strohbach 2015; Lyre 2018, 579, 
585, Sect.  4). I argue below that a theory of darkness is not even an example of weak 
underdetermination because an explanation of the prismatic experiments by a theory of 
darkness is not empirically equivalent to their explanation by a theory of light.

Furthermore, Falkenburg (2015), Strohbach (2015), and Lyre (2018) consider that 
Müller’s argument is an argument for ontological relativity rather than for underdeter-
mined theories in the sense of empirically equivalent but incompatible theories. Similarly, 
Lampert (2017) argues that Newton’s understanding of light as the source of vision is not 
a hypothesis but part of his definitions, which precede his proofs by experiment. Lampert 
(2017) thus defends Newton’s claim to proof without questioning its underdetermination 
in terms of Quine’s later understanding, which does not imply incompatibility of theorems 
but rather unreducibility of alternative ontologies (Quine 1992, §41–42). Rather than con-
ceding empirical equivalence and underdetermination in terms of ontological relativity due 
to theoretical termini, I argue below that a theory of darkness is not empirically equivalent 
to a theory of light.

2 � The Empirical Evidence of the Existence of Light Rays

Both “light rays” and “rays of darkness” are theoretical concepts. One might wonder how 
far it is possible to decide on the existence of these entities by experience. The purpose 
of this section is to explain the empirical evidence for the existence of light rays. On this 
basis, the following section will discuss whether inverse experiments provide likewise 
empirical evidence for the existence of rays of darkness emitted by dark sources.

We have no direct experience of light rays; we cannot see them. Light rays are the physi-
cal entities that cause vision (see the quote from Newton below) but they are not visible 
themselves. This is why “light ray” is a theoretical concept. This, however, is not to say that 
there is no empirical evidence for their existence.

Newton begins his Opticks by defining a ray of light. This definition comes from a letter 
to Pardies in which Newton also defines the basic concept of light. I quote Turnbull’s Eng-
lish paraphrase of Newton’s Latin definition (Turnbull 1959, 179):

I understand Light to be any being or power of a being, (whether a substance, or any 
power, action, or quality of it) which proceeding directly from a lucid body is adapted 
to excite vision: and I understand rays of light to be the least, or the indefinitely small 
parts of it, which are mutually independent, as are all rays which luminous bodies 
emit in straight lines either synchronously or in succession. For those parts of light 
are independent, be they collateral or successive, as they can be intercepted singly 
and apart from others, and be reflected in any direction.

1  Müller replied to Falkenburg (2015) and Strohbach (2015) in Müller (2015b) and to Lyre (2018) in Mül-
ler (2018).
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Interestingly, Newton gives this definition just after making it clear that he is not giving a 
hypothesis. According to Newton, hypotheses only come into play when the properties of 
light rays are specified in order to explain phenomena by hypothetical deduction, for exam-
ple by a theory of waves or, alternatively, a theory of corpuscles: this alternative cannot yet 
be decided by induction directly deduced from experimental data, but at best by an indirect 
argument of the best explanation in Newton’s time. However, Newton’s definition of light 
and light rays is based on the following empirical evidence: 

1.	 the existence of luminous bodies, e.g. the sun or candles, as sources of brightness in the 
dark universe or dark chambers,

2.	 the fact that we can (i) make light visible, e.g. by boards or dust, (ii) separate it, e.g. by 
pinholes, and (iii) reflect it, e.g. by mirrors, and in doing so we can see that light comes 
directly from luminous bodies to the eye (thus exciting vision),

3.	 that we can separate parts of light synchronously, e.g. by pinholes, or successively, e.g. 
by intercepting parts of light with boards (thus stopping and passing parts of light).

Newton’s definition of light rays as the smallest independent parts of light does not define 
a mathematical entity that cannot be made visible.2 For Newton, rays of light are not infi-
nitely small mathematical entities, nor are they hypothetical entities that are merely postu-
lated to explain phenomena without being able to be deduced from experience by induc-
tion. Rather, light rays are physical entities that can be inferred from vision because their 
path can be made visible and manipulated, e.g. “stopped” and “passed” (Newton 1730, 1 
from Definition 1).

Put in Quinean terms, we can reduce Newton’s talk of light and light rays to true obser-
vational conditionals concerning pegged observational statements (cf. Quine 1975, 316), 
about lucid bodies and colored spots that can be made visible in the region of those bod-
ies and in the direct path between the lucid bodies and the eye. We could thus reduce the 
causal statement that light causes vision to conditionals with pegged observational state-
ments about luminous bodies as necessary conditions of vision. In this way, we can get rid 
of the causal statement, which is controversial from a Quinean point of view.

Müller claims that empirical evidence is also compatible with the assumption that it is 
not rays of light but rays of darkness that emanate from sources of darkness and produce 
vision. In what follows, I argue that this is not true, by showing that we cannot infer rays of 
darkness inductively from inverse experiments.

2  (Holtsmark 2012, 28, 52) argues that Newton’s conception of light rays oscillates between a non-causal 
geometrical and a causal physical understanding. However, this judgement is based on a misunderstanding 
of Newton’s direct attribution of colors to rays. When Newton speaks “grossly” of “rays of divers colors” 
he means “rays that cause diverse visual colors” as Newton himself stresses (Newton 1730, 108–109). Fur-
thermore, Holtsmark provides no evidence for his belief that Newton’s conception of light rays is not purely 
physical. For example, Newton’s experiments take place in a “dark surround” because Newton assumes 
a physical understanding of light that excludes the concept of a “beam of shadow” because there are no 
sources in our world that emit such beams according to Newton. The statements that “the geometrical-opti-
cal ray is illustrated equally well by a narrow beam of light as by a narrow beam of shadow” (Holtsmark 
2012, 28), and that “[w]hat Newton has demonstrated for colors seen in a black surround might equally well 
have been shown for other colors in other surrounds” (Holtsmark 2012, 30), attribute to Newton a concep-
tion of rays that he does not hold.
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3 � Inverting Experiments

According to Müller, the success of Newton’s theory is only due to the dominant role of 
darkness in Newtonian experiments. However, inverting the roles of darkness and light in 
these experiments suggests that the proposed alternative – a theory of the heterogeneity of 
darkness – follows from the very same Newtonian methodology. This argument rests on the 
assumption that such an inversion is empirically possible. As we shall see, Müller himself 
admits that inverting the prismatic experiments is not as easy as it seems at first glance.

3.1 � Suggestive One‑Prism Experiments

In the second chapter of Müller (2015a), Müller presents a subjective and an objective 
inversion of one-prism experiments that evoke a spectrum In the subjective version, one 
looks at a dark circle on a white sheet of paper to evoke the Goethean spectrum (Müller 
2015a, 146), while one looks at a white circle on dark paper to evoke a Newtonian spec-
trum, (Müller 2015a, 69).

The problem with the inversion of this experiment is not that it is subjective, but that it 
merely inverts the black and white parts of a sheet of paper, without inverting the source of 
light that illuminates the sheet of paper. A dark piece of paper is no more a candidate for a 
source of rays that excites vision than is a white piece of paper: a white piece of paper does 
not make a dark room light, and a dark piece of paper does not make a light room dark. 
Although Müller calls the subjective experiment an “inverted experiment”, he admits that 
it does not invert the source of light (Müller 2015a, 37). Nevertheless, he conceives it as 
a proper approximation of inversion (Müller 2015a, 37) that does not deviate from New-
tonian standards (Müller 2015a, 146). In the same way, he regards Lucas’ subjective one-
prism experiments with white and black sheets of paper as the first examples of inverted 
experiments (Müller 2015a, 162–169). But inverting white and black parts of a sheet of 
paper while the paper is illuminated by light is not evidence for dark rays emitted by a 
source of darkness and inducing vision. This would require inverting the entire distribution 
of light and dark in the whole environment.

3.2 � Experiments With a Shade Provider

In Müller (2015a, §II.2.2), Müller describes Goethe’s objective variant of an inverted one-
prism experiment. Instead of producing a Newtonian spectrum in a dark chamber with a 
hole in a closed shutter, a Goethean spectrum is produced in a chamber with open shut-
ters and a dark circular sheet of paper attached to the prism or shutter. This sheet of paper 
serves as a “shadow-provider” (“Schattenspender”), as Müller himself explains (e.g. Mül-
ler 2015a, 135). Similarly, Ingo Nussbaumer’s creation of complementary spectra uses a 
slide stack (Müller 2014, 20, Fig. 3). This slide stack serves as a shadow-provider, while 
the slide projector is the light source (Nussbaumer 2008). Influenced by these experiments, 
Müller (2015a, 205) opposes “black shadow” (“schwarzer Schatten”) to “white light” in his 
table for the inversion of phenomenological concepts.

However, black shadow is not the inversion of a light source nor can a shadow-provider 
be understood as a source of “dark rays”, but at most of black shadow. There are several 
ways to illustrate this within prismatic experiments. First, the shadow cast by a shade-pro-
vider depends on its relation to a source of light; it cannot be thought of as the starting 
point of dark rays, since changing the position of a source of light changes the position of 
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the shadow. In contrast, the direction of the light emitted by a light source does not depend 
on other sources (of light or dark). Second, a shadow-provider does not produce “presorted 
black” behind a prism (Rang and Müller 2009, Sect.  3): placing a board with a pinhole 
behind a prism does not produce a Goethean spectrum evolving from the shadow, whereas 
in the similar case, e.g. in the experimentum crucis, a Newtonian spectrum evolves from 
the presorted white.3 Therefore, “inverted” experiments using a shadow-provider either do 
not produce Goethean spectra, or parts of them, at all or, if they do (e.g. by omitting the 
board with the hole close behind the first prism in an inverted experimentum crucis), they 
do not provide evidence for a source of darkness, and thus evidence for a theory of hetero-
geneity of darkness. Instead, such experiments depend on a source of light.

Müller (2015a, 292–298, §III.5.5 - §III.5.7) discusses the phenomenon of white shad-
ows as empirical evidence for sources of darkness. Indeed, this phenomenon suggests an 
explanation in terms of a theory of darkness, since such an explanation would not have 
to refer to complicated superpositions of light rays, but simply to the prevention of the 
passage of dark rays. The experiment to which Müller refers, however, requires diffuse 
light from a fluorescent tube and a shadow-provider in terms of a square bar to produce 
white shadows of a cubic skeleton. Contrary to what Müller says (Müller 2015a, 294), the 
square bar cannot be understood as a source of darkness similar to a torch light. This can be 
seen, for example, from the fact that turning a square bar by 180 degrees does not turn the 
shadow, whereas turning a torch that only emits light in one direction will emit light in the 
opposite direction. Therefore, the phenomenon of white shadows cannot be explained by 
sources of darkness that cast not black but white shadows. It is the Newtonian theory and 
not a theory of darkness that explains the phenomenon of white shadows.

3.3 � Experiments with the Mirror‑Split Diaphragm

Indeed, Müller concedes that “in the standard case” it is not sufficient to use a shade-pro-
vider to invert Newtonian experiments (cf. Müller 2015a, 204, my translation):

Fig. 1   Inversion using a shadow-provider: the eye sees the magenta in the experiment on the right exactly at 
the position where it sees all the colors of the virtual Newtonian spectrum except green, which makes evi-
dent that the magenta is a mixture of the Newtonian spectral lights without green. The figure is taken from 
(Rang et al. 2017, 45, Fig. 3)

3  A third illustration of the fact that a shadow-provider is no inversion of a source of light is given in Fig. 1 
explained in the next section.
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In order to invert any arbitrary Newtonian experiment, it is not sufficient in the stand-
ard case to replace a pinhole at the entrance to a darkroom with a shadow-provider.

Instead, two things have to be done: (i) the darkroom has to be replaced by a chamber of 
diffuse light, and (ii) the distribution of light and darkness in the whole universe has to be 
inverted (cf. Rang and Müller 2009). (i) is empirically realizable, and Rang and Müller 
(2009, Sect. 6) show that this makes it possible to produce “presorted black” and the Goe-
thean spectrum. However, the experimental realization they propose in Rang and Müller 
(2009, Sect. 7) makes use of “a strip of black paper as a complement to the sun”. A strip of 
black paper, however, is no complement to the sun, because – as shown in Sect. 3.1 – black 
paper is an equivalent of white paper, and white paper is not a source of light. Therefore 
black paper is not a source of darkness.

Müller is well aware that “ideally the whole sky must be inverted” (Müller 2015a, 204) 
for strictly inverting experiments. As Müller mentions, Goethe and even Lucas already 
considered that (cf. Goethe 1810b, 273, 275 and Turnbull 1959, 108). But this is empiri-
cally impossible. Müller must therefore refer to some realizable equivalent.

As Müller himself mentions (Müller 2015a, 104), the best candidates for inverted exper-
iments are experiments of the physicists Mathias Rang and Johannes Grebe-Ellis. Rang 
and Grebe-Ellis criticize traditional attempts to invert Newton’s experiments as “ineffec-
tive” because the inversions were based on an “incomplete, mechanical” (Rang et al. 2017, 
45) understanding of inversion based on the use of a shadow-provider. They nicely illus-
trate why such experiments are not proper inversions of Newtonian experiments by placing 
the eye in a position in the experiments that makes it clear that the Goethean spectrum 
results from the mixing of spectral lights (cf. Fig. 1). 

Rather than “mechanically” inverting Newton’s experiments, Rang and Grebe-Ellis offer 
an “optical inversion” that does not use a shadow-provider or black paper. Instead, Rang 
developed a special type of pinhole, the “mirror slit diaphragm” (“Spiegelspaltblende”), 
which allows light to pass on one side and reflects it on the other. The use of the mirror slit 
diaphragm makes it possible to produce the Newtonian spectrum in a dark environment 
on one side of the slit, and the Goethean spectrum in a diffuse light environment on the 
other side of the slit (cf. Fig. 2). Rang and Grebe-Ellis installed the experimentum lucis 
simultaneously with the experimentum crucis in such a dual setting by using a mirror slit 
diaphragm on several occasions (cf. Grebe-Ellis and Rang 2010). They even generalized 
this experimental setting to verify inversion beyond the range of light, i.e. in the infrared 
and ultraviolet regions (Rang and Grebe-Ellis 2018).

However, Rang and Grebe-Ellis do not intend their experiments to support a theory of 
darkness that prescribes sources of darkness. They are interested in a phenomenological 
theory of complementary color phenomena that does not use the concept of rays at all (cf. 
Rang 2015). In such a framework, the concepts of homogeneous and heterogeneous rays 
emitted by a source make no sense. In describing their inverted experiments, they make 
it clear that they are not inverting a light source, but the dark room. Rang and Grebe-Ellis 
describe the complementary phenomena by making use of intensity levels of illumination 
without referring to a source of light or darkness emitting rays. This allows for a formalism 
that does justice to the symmetry of the phenomena, where darkness in terms of shadow 
(low or negative illumination level) is opposed to brightness (high and positive illumina-
tion level). Müller sees this inversion as a “simulation of the inversion of the whole sky” 
(Müller 2015a, 204). But Müller himself admits in the same sentence that Rang’s experi-
ments are based on “artificial light”: it is this light that is reflected by the mirror slit dia-
phragm to simulate an inversion of the dark room (cf. the light source L in Fig. 2). This 
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simulation may well justify the conclusion that if the distribution of light and dark in the 
universe were inverted, then the Goethean spectrum would be the primary phenomenon 
induced by homogeneous dark rays and the Newtonian spectrum would be the secondary 
phenomenon induced by a heterogeneous mixture of superimposed homogeneous rays of 
darkness. However, this is a counterfactual. There is, therefore, no evidence for a theory of 
darkness as long as sources of light and not sources of darkness are essential for real-world 
experiments, producing the colors of the Newtonian spectrum as well as the colors of a 
Goethean spectrum.

3.4 � Counter‑Factual Inversion

Thus, the only inverted experiments that were actually based on a source of darkness emit-
ting rays of darkness instead of a source of light are counterfactual thought experiments 
that invert the whole universe, including the sun and the dark background of the universe. 
To illustrate the physical circumstances of such an inverted universe, Müller (2015a, 
288–290, §III.5.2) speculates that heat would dominate coldness in this universe, and so 
energy might be needed to cool down bodies, which would thus emit rays of darkness in a 
bright universe. In this universe, vision would indeed be caused by dark rays and the theory 
of the heterogeneity of darkness would be the correct theory.

Curiously, however, Müller does not admit that by matter of fact there are no sources of 
darkness in our world (Müller 2015a, 298). Instead, he merely admits that darkness pre-
vails in our universe due to the contingent initial conditions of our world (Müller 2015a, 
299). For this reason, Müller argues, Newtonian experiments dominate, while inverted 
experiments were only discovered later and did not play a decisive role in the history of 
optics (Müller 2015a, Part III). For Müller, this is only a pragmatic reason to accept New-
ton’s theory, not an empirical one (Müller 2015a, 299). In this argument, however, Müller 

Fig. 2   Newtonian and Goethean spectra produced simultaneously using a mirror slit diaphragm. Unlike in 
Fig. 1, the virtual image of the magenta in the spectrum on the right is also a virtual magenta in a virtual 
Goethean spectrum at the mirror slit diaphragm. The figure is taken from (Rang et al. 2017, 48, Fig. 8)
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refers to inconclusive versions of inverted experiments that cannot support a theory of 
darkness. As we have seen, all empirically realized candidates for inverted experiments 
are in fact based on a source of light, not a source of darkness. All the phenomena of these 
experiments can be explained by the Newtonian theory of the superposition of homogene-
ous lights, but cannot be explained by a theory of darkness, because there is no empirical 
evidence for sources of darkness in our world.

It is true that this is a contingent matter of empirical fact due to the initial conditions of 
our empirical world. But the theories of physics are intended to explain this world and no 
other. Müller (2015a, 299–300) makes a strange distinction between the laws of our world 
and its initial conditions. He admits that one cannot argue against an established physi-
cal theory by referring to other possible worlds that obey different laws than those of our 
world.4 But he seems to claim that the same does not hold for worlds starting with different 
initial conditions. However, it is well known that the slightest difference in initial condi-
tions at the big bang (or shortly after) has a huge impact on the physical development of 
the world, including the natural constants and laws. Newton’s theory of the heterogeneity 
of light does justice to the one empirical world we live in, including its initial conditions. 
This is not true of a theory of darkness. For this reason, such a theory is not an empirical 
equivalent of Newton’s theory. Similarly, Newton’s theory would not be empirically equiv-
alent to its opponent if the initial conditions of the universe concerning the distribution 
of brightness and darkness were inverted. These contingent conditions determine which 
theory is empirically adequate and which is not.

4 � Conclusion

Müller admits that a clear inversion of Newton’s experiments would amount to inverting 
the lighting conditions of the whole universe. However, he does not seem to realize that 
this is the only way for sources of darkness to exist and, thus, justify a theory of darkness. 
For this reason he mistakenly regards a theory of darkness as an empirically equivalent 
theory to Newton’s theory of light. However, any inversion of the experimental settings of 
our world that would justify a theory of darkness is counterfactual. Therefore, these two 
theories are not examples of a concrete version of Quine’s theses of underdetermination. 
Moreover, Newton’s claim to have proved his theory experimentally is not undermined by 
a theory of darkness.
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