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Abstract 
From a holistic perspective of a physical space of any given size1, it is invariably necessary to con-
sider its energy content, since no physical means exists of making a physical space completely de-
void of energy. Such a space would therefore only be a fictive “geometric space”—that can be in-
tellectually conceived and treated according to the rules of the appropriate geometry—although 
not existing in reality in the cosmos. Cosmic space always contains energy in one form or another, 
limited by the space under consideration. Therefore, each space possesses an energy density—no 
matter how low, which never becomes zero. Because of the mass-energy equivalence relationship 
E m.c2≡ , cosmic space also possesses a mass equivalent and is therefore “materialistic” in nature. 

If this is considered in association with Einstein’s space-time, what is obtained instead is an “energy- 
time”, i.e. an energy effect, which is based on Planck’s action quantum h. Under this condition, a close 
relationship would appear to exist between the General Theory of Relativity and Quantum Physics. 
Furthermore, it will be shown that the physical conditions of space are such that a natural quanti-
sation of space and time exists, thus obviating the need for any artificial or arbitrary quantisation. 
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1. Introduction 
The Energy ↔ Space-Dualism 
Due to the equivalence of mass and energy, energy can only ever appear physically—i.e. in a three-dimensional 

 

 

1Each part of cosmic space is itself a real physical space. 
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form. The existence (or presence) of any given state and any given “quantum” of energy thus indispensably re-
quires the existence of a three-dimensional space in order to be able to create an “energy effect”. 

Axiom: everything that exists in the cosmos is energy in one or other of its diverse manifestations and nothing 
exists that does not contain energy. 

Cosmic space can only exist in association with energy, since cosmic space itself has been created in the 
course of world history by the process of dispersion of energy. For example, the energy density of the almost 
perfectly isotropic2 cosmic background radiation (photon radiation) in space—a relic of the Big Bang, now hav-
ing a temperature of approx. 2.7 K—is currently ca. 6 × 10−20 J/cm3 or 0.38 eV/cm3.  

It is the nature of cosmic space to invariably be completely filled or pervaded (penetrated) with energy. As 
energy only manifests itself in a quantised (discrete) form, it follows that cosmic space—as the “carrier” of en-
ergy quanta—must also be structured in a quantum manner. 

The properties (or parameters) of a given space under consideration are complexly related (in accordance with 
physical laws) to the energy situation of this space. For this reason, energy can only ever be simultaneously con-
sidered with the physical space claimed by it. This physical space is a part of the entire cosmic space invariably. 
Energy without space and space without energy do not exist anywhere in the entire cosmos! From this, it follows 
that: 

1) Energy requires space in order to yield an energy effect after a specific time (as a consequence of its iner-
tia). 

2) Space requires energy in order to be a physical space (a completely empty space void of energy would 
“invalidate” the concept of space)3. 

3) Energy and space are mutually dependent and are mutually inseparably associated from a physical perspec-
tive; they should therefore always be considered “holistically”. This applies equally both to the cosmos as a 
whole and to each single photon as a fundamental component of the entire cosmos. The frequency ν of the pho-
ton determines its energy E, while its wavelength λ determines the space claimed by the photon. As far as the 
physical size is concerned [energy density × volume], energy and cosmic (physical) space are coessential or 
identical! 

4) E = h × ν (Planck’s Equation), h (Planck’s action quantum) = 6.626 × 10−34 J∙s, ν = c/λ [1]. 
Due to the fundamental importance of the theses 1) to 3) for the following considerations, I shall attempt— 

even at the risk of repeating myself—to formulate even more precisely as well as justify this: 
Space, considered holistically, contains energy—always and without exception. 
Energy, considered holistically, claims a specific and hence limited space—always and without exception. 
Note: At the very beginning, only energy existed in the highest concentrated form! As a result of the ensuing 

“energy dispersion”, the constantly expanding cosmic space came into being and started to expand (associated 
by the simultaneous decrease in the energy density). Cosmic space is completely flooded by energy—always and 
everywhere—and is thus identical to energy. Cosmic space can therefore be considered as “inflated energy”. 

Cosmic space consists solely of energy in all possible existing states and energy densities. Therefore, space 
and energy, considered holistically from a physical perspective, are one and the same!  

However, we have become accustomed in our daily life to consider the two identical physical quantities as 
separate entities (essences), because in one case the subject of our interest is only the volume of the space (or its 
geometrical form)—while in the other case it is only the amount (or density) of the energy within the space! 

“Pure” space, i.e. an absolute vacuum, devoid of any energy content, is not a physical space, and thus has no 
physical dimension—it is only a “geometrical space” (i.e., a graphic space that can be imagined intellectually 
and analysed from a geometrical and mathematical perspective). Albeit possessing the geometrical spatial di-
mensions [R3], say, [cm3], it is not real in the sense of existing in the cosmos. 

The complete energy vacuum of a space cannot be represented by any physical state; neither has such a space 
ever existed anywhere in the cosmos nor is it possible to create one—even with the most extreme technical ef-
forts imaginable. According to quantum theory, it is not even possible to produce an ideal vacuum in the cosmos, 
since a field energy will never become precisely zero, its field quanta only fluctuate in an indeterminate manner 
around the zero value. It is these quantum fluctuations that therefore always result in a certain residual energy. 
This means that a supposedly “completely empty space—devoid of energy” can never exist in the cosmos, but 

 

 

2No preference exists with respect to position and direction of radiation, i.e., it is uniform in all places and directions. 
3According to Leibnitz: “Space is the relationship of objects to each other; space is nothing without objects present in the space.” Each form 
of energy (≡mass) shall be physically assigned the term “object”. Therefore cosmic space is “material”. 
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must contain a certain residual field energy, no matter how small. For this reason, no heat accumulator can exist, 
from which it is possible to completely extract its heat content. It will always retain a residual quantity of heat— 
no matter how small. 

“Real = physical space”, i.e. the entire universe as well as any arbitrarily small part of it, always possesses an 
energy density ε = [E/R3], its “physical dimension” therefore being [R3∙ε] = energy = [E], e.g. W∙s or J or N∙m. 
Thus, for example, the energy density of the universe due to the cosmic background radiation is given by ε = 6 × 
10−20 J/cm3 or 0.38 eV/cm3.  

From this, it follows that: 
Cosmic space is energy and for this reason must be classified as “material” in nature, since the entire cosmos 

has emerged exclusively from energy (three-dimensional) in the course of world time t, and it is at all times an-
other energy effect, i.e. the product of energy multiplied by time. 

Even by applying the greatest possible technical effort, it is physically impossible to completely separate the 
“energy of space” from its particular space under consideration4. Every arbitrarily small or large space remains 
therefore inseparably associated with its intrinsic residual energy. Exactly as is the case with energy, no part of 
real (physical) space—no matter how small, created by the dissipation of energy, can be annihilated; it remains 
in existence forever (in the expansion phase of the cosmos). 

Therefore in all physical considerations, the particular space under consideration must be regarded together 
with its energy content, which is present at all times without exception. Considering only the geometrical di-
mensions of space [R3], may result in a physically false picture, because: 

It is energy that makes space into a real physical space and provides space with both its internal structure and 
external form by means of the gravitation inseparably associated with energy! 

In other words: each arbitrary quantum of energy is inextricably associated with space and gravitation, or al-
ternatively, each physical space contains energy and gravitation.  

2. Association between Spacetime and Energy Effect 
1) In Einstein’s spacetime, space contains no energy (and therefore no gravitational force)—it is a continuum.  
Spacetime thus possesses only the geometrical dimension R3 multiplied by time t and—in the sense of the 

axiom set forth in Chapter 1—cannot be ascribed any real existence. It is merely a mathematical-geometrical 
construct, in which gravitation is interpreted not as a force but as the geometry of space.  

Notwithstanding being an extremely successful theory of gravitation, all attempts to combine the General 
Theory of Relativity with Quantum Physics into one single united theory of quantum gravitation have hitherto 
failed. The unification of the two great theories of the 20th century is regarded as one of the great challenges of 
physics, and yet it is not certain whether this will be successful based on the premises currently existing. The 
requirements for the unification of the two theories would, of necessity, include the quantisation of time and 
space. 

As a continuum, the completely empty geometrical space is only divisible to an arbitrary fine extent from a 
geometrical perspective—but not, however, from a physical perspective. A space completely devoid of energy, 
e.g. spacetime, is thus not physically quantisable, but only geometrically quantisable—by being assigned arbi-
trary (fictitious) space quanta, e.g. in units of the Planck length (LP) or a multiple thereof. In this manner, how-
ever, it is not possible to bring about a unification of these two great theories. For this purpose, it will be neces-
sary to seek a different path. 

2) If the insights obtained from Chapter 1 are included in the following physical considerations—i.e. that a 
“cosmic space ≡ energy” equivalence exists-then it becomes possible to interpret the expression for cosmic 
space  

“spacetime = space × time” as “space × energy density × time = energy × time”, 
possessing the physical dimension [R3∙ε∙t] = [E∙t], i.e. an “energy effect”. Under this condition, Planck’s en-

ergy effect (quantum theory) and Einstein’s adapted spacetime (adapted General Relativity Theory) can be uni-
fied. As it is an incontestable fact that the entire cosmic space with its energy content represents an energy effect 
in the course of the world time to date, then the above interpretation must be permissible. The spacetime thereby 
“adapted” is therefore an “energy effect” and not a continuum. From a holistic perspective, cosmic space re-

 

 

4It corresponds to the 3rd Law of Thermodynamics: no heat accumulator exists, from which it is possible to completely extract its heat con-
tent. There will always remain a residual amount of heat-no matter how small. 
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mains today what it has always been since its creation, namely energy. Expressing this more precisely:  
As cosmic space (from a holistic perspective) and cosmic energy are coessential or identical, then adapted 

spacetime = energy × time = energy effect are similarly identical, as already determined in Chapter 1, item c) 
above! By incorporating the always present space-energy into “spacetime”, the latter is transformed into an “en-
ergy effect”, based on the Planck’s action quantum h = 6.626 × 10−34 J∙s. In this manner, a close relationship 
between the two great theories of the 20th century is discerned, which leads me to believe that a unification of 
these two theories ought to be possible in principle, because—adapted spacetime is quantisable! 

3. Considerations on a Quantisation of Real Physical Space 
As far as the quantisation of cosmic space is concerned, no confirmed research results from the community of 
physicists as yet exist [2]-[4]. 

As already indicated, the entire cosmic space can be interpreted as an “energy effect”. For this reason, no 
element of space can exist—no matter how small—that is completely devoid of energy.  

It would therefore be possible to interpret Planck’s action quantum h as the smallest elementary unit of en-
ergy-effect, from which the entire cosmic space is composed.  

Under this condition, the internal structure of cosmic space is essentially determined by the action quantum h. 
In consequence, this would mean that cosmic space cannot be physically divided up into arbitrarily small 
amounts, but rather it is possible to imagine a smallest physical element of space, say, a “space quantum”, which 
contains an energy quantum, such as a cosmic photon, whereby the dimensions of this space quantum are de-
pendent on the energy situation present5.  

Each energy quantum of cosmic space possesses its own (energy-specific) space quantum, and they are both 
identical—in precisely the same manner that energy and cosmic space are identical.  

As the photons in cosmic space are “free (non-bounded) particles”, the energy of the photons can, in principle, 
assume any arbitrary positive value. As the energy of photons in cosmic space is therefore continually change-
able, so the energy density and the dimensions of each cosmic element of space are also continually changeable. 
We owe this situation to the continual growth (or constant expansion) of cosmic space (by contrast, we owe the 
stability of matter to the quantisation of energy of the system of particles that are in a bound state due to their 
interaction with each other). 

The energetic state of each cosmic element of space is determined by the frequency of the photon acting in 
this element of space in accordance with Planck’s Equation E = h ×ν, ν = c/λ. 

As the photons on their path through cosmic space constantly generate entropy (being unable to escape the 
2nd Law of Thermodynamics), they gradually lose their energy. In the case of the cosmic background radiation, 
the decrease of energy entails a decrease in the frequency ν (or an increase in the wavelength λ) of the cosmic 
photons6. A low-energy photon therefore requires a greater spatial component, in order to be able to oscillate 
with the lower frequency (or greater wavelength). The photon effectively expands the space it claims against the 
effect of gravitation, thus creating more space for its movement. 

Note: The wavelength λ of blackbody radiation photons is inversely proportional to its absolute temperature 
T and, at T = 1 K, is approx. 2.9 mm. The typical wavelength λ of cosmic photons associated with the current 
cosmic background radiation for T = 2.7 K is approx. 1 mm, corresponding to a frequency ν of approx. 0.3 × 
1012 Hz.  

In contrast to the space quanta created by the photons associated with the cosmic background radiation, the 
highest-energy photons in the history of the cosmos—and thus smallest possible space quanta—occurred imme-
diately following the Big Bang, once the physically unimaginable, immeasurably high “initial temperature” of 
the cosmos at time t = 0 had fallen to approx. 1032 K. This temperature is known as Planck’s temperature TP. 

With the wavelength λ of photons at T = 1 K being approx. 2.9 × 10−3 m, the wavelength λP at TP = 1032 K 
can be approximately calculated as 10−3/1032 = 10−35 m, this being known as the Planck length λP and—as the 
physically smallest possible length—also defines the dimensions of the smallest (and highest-energy) space 
quanta (in physics books, the Planck length is typically denoted by LP). 

 

 

5The smallest space quanta are therefore those currently occupied by the highest-energy photons. No space quanta smaller in scale may exist. 
Notwithstanding this, if the intellectual attempt is made to divide such a space quantum, then 2 space quanta would be obtained—each with a 
photon of half the wavelength, i.e. with twice the energy. This however is physically impossible. Therefore the smallest space quanta do 
indeed exist and cannot be further divided from a physical perspective. 
6The typical wavelength of cavity photon radiation λ also corresponds to the mean distance between the photons. 
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Given the speed of light c = 3 × 108 m⋅s−1, the frequency νP = c/λP can be approximately calculated at 108 
m⋅s−1/10−35 m = 1043 s−1 (or Hz,) and is known as the Planck frequency νP. 

To travel the length of λP, a ray of light requires the time tP = λP/c = 10−35 m/3 × 108 m∙s−1 = 10−43 s, this time 
being known as the Planck time tP (the shortest interval of time physically possible). 

The Planck values calculated here on a scale of orders of magnitude only represent the first-possible physical 
parameters in the history of the cosmos immediately following the Big Bang at TP = 1032 K, derived from the 
first (and thus most energy-rich) photons of cosmic radiation energy, which should therefore be referred to as 
Planck photons. These physical parameters change in the course of world time, i.e., the temperature, frequency, 
energy of cosmic photons is steadily decreasing, while the wavelength is steadily increasing. For this reason, the 
“physical quantisation of cosmic space” cannot be based on the constant Planck length 3

Pλ  = (10−35 m)3—in- 
stead it is necessary to refer to the current energy situation of the cosmic photons. 

Since the temperature and thus the energy of cosmic photons decrease everywhere uniformly with the falling 
thermal state of equilibrium of the cosmic background radiation—this corresponding to a universal uniform in-
crease in entropy taking place, more space is required uniformly everywhere for this entropy to be deposited. 
This space is thereby created by the universal uniform increase in the wavelength λ of all cosmic photons. This 
means that the growth rate of cosmic space is everywhere the same—the universe is expanding uniformly and 
isotropically. An unequivocal correlation thus emerges between Planck’s formula for the energy of the cosmic 
background radiation and the universal uniform growth (expansion) of cosmic space. This energy-space behav-
iour exhibited by all cosmic photons (or space quanta) precisely corresponds to Hubble’s Law7, which thus finds 
a physical explanation that is not derivable from the Big Bang Theory [5]. 

Furthermore, each quantum of space evidently possesses a three-dimensional structure and is spatially limited 
by the wavelength λ3 of its photon. For this reason, the entire energy-filled cosmic space (as the sum total of all 
space quanta) must possess the same properties as its smallest energy-filled components. Everything we know 
about the cosmic photons and the Planck action quantum h must also apply to the cosmos as a whole. The world 
of the infinitesimal thus has a direct effect on the cosmos in its entirety! 

Summary of the key statements contained in Chapter 3: 
No space quantum exists in the cosmos without an energy quantum—were this not the case, this space quan-

tum would be devoid of energy, and this is not possible in a physical situation. The entire cosmic space is there-
fore composed of energy quanta (e.g. cosmic photons), where each energy quantum in cosmic space possesses 
its own (energy-specific) space quantum. In the course of world time, each cosmic photon (like everything else) 
constantly generates entropy, the deposition of which constantly requires more cosmic space. This increase in 
entropy causes the photon to constantly lose energy, this being expressed in a constant increase in its wavelength 
λ. The increase in λ is tantamount to a uniform expansion in the space required by each cosmic photon in all di-
rections in order to be able to oscillate with the ever greater wavelength λ. As a result of this quantum phe-
nomenon, all cosmic photons taken together are the cause of the constant and isotropic expansion of the entire 
cosmic space, precisely corresponding to Hubble’s Law. 

4. Considerations on a Quantisation of Time 
The quantisation of time is an area of research still in its infancy, concerning which there are at the present time 
no as yet generally recognised or confirmed results from the community of physicists available [6]. Since in 
General Relativity, space and time are interlocked in the spacetime continuum, if one of them is quantised, then 
so must the other. 

To use the shortest possible constant Planck time (tP = 10−43 secs) for the quantisation of time would not be 
physically justifiable, but merely an arbitrary imposition. The time quanta of cosmic space will not have re-
mained constant in the course of world time to date, but rather—in analogy to the dimensions of space quanta 
depending on the variable energy of the cosmic photon radiation—are dependent on the variable energetic am-
bient conditions of the space in question. I therefore propose to draw on the frequency ν = 1/t of cosmic photons 
for the physical quantisation of time, since Planck’s Equation E = h × ν also provides a correlation between 
space quanta and time quanta.  

At the present time, the typical wavelength λ of the cosmic photons of the cosmic background radiation is 

 

 

7The same situation arises everywhere—irrespective of the point of view of the observer, i.e. an increase in the speed of expansion in propor-
tion to the distance from the respective observer. 
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approx. 1 mm at a cosmic temperature T = 2.7 K, this corresponding to a frequency ν of 0.3 × 1012 Hz and t 
(at T = 2.7 K) = ca. 3 × 10−12 s. 

For λ (at T = 273 K = 0˚C) = 10−2 mm, ν = 0.3 × 1014 Hz, t (at 273 K) = 3 × 10−14 s 
For λ (at T = 3000 K) = 0.9 × 10−3 mm, ν = 0.3 × 1015 Hz, t (at 3000 K) = 3 × 10−15 s …and so on. 
For λP (at T = 1032 K) = 10−35 m, νP = 1043 Hz, tP (at 1032 K) = 10−43 s. 
Under these considerations, the time quanta t of cosmic space is variable within the above threshold values of 

frequency and temperature of cosmic photons (cosmic background radiation).  
Remark on spacetime: space and time, as understood by Einstein, are not independent entities but interwoven 

in spacetime, i.e., a physical dependence exists between them. From this it thus follows: if cosmic space is quan-
tifiable as a perpetual carrier of energy, then cosmic time must also be quantifiable, as is seen above. Further-
more, a correlation must exist between space quanta and time quanta. Both apply in Chapter 3 and 4. However, 
no evidence of spacetime quantisation currently exists, and in General Relativity, space and time are continuous 
and not quantisable. 

5. Conclusions 
This paper depicts how it is possible to undertake a quantisation of space based on physical arguments, whereby 
each space quantum is fully occupied by an energy quantum (e.g. cosmic background radiation photon). Space 
quanta and energy quanta are identical in the same manner that cosmic space and energy are. 

The quantisation of time is derived from the frequency of the energy quanta and is thus physically associated 
with the space quanta. The quantisation of space and time is an absolute prerequisite to achieve a unification of 
Quantum Physics with the General Theory of Relativity. 
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