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Abstract.

A primary challenge of natural sciences in the new millennium is to cure the gap between

metaphysics and empiricism – and puzzle out the obstacles to a unified theory and an

understandable picture of reality. Antique science flourished via its strong philosophical

impact but faded away due to the lack of supporting empirical science. The fast development

of mathematical physics has led to the other opposite; theories are diversified, they are more

like mathematical descriptions of observations; they provide precise predictions but lack a

solid metaphysical basis and an understandable picture of reality. Anyway, modern science

has increased our understanding of physics from elementary particles to cosmological

structures and produced information that allows re-evaluation of the basis. By switching from

an observer-oriented perspective to a system-oriented perspective, any local object is related

to the rest of space and relativity appears as a direct consequence of the conservation of total

energy in the system – without scarifying the absolute time and distance essential for human

comprehension. Such a holistic approach has led to the Dynamic Universe theory (DU). After

maturing for the last twenty-five years, DU produces precise, well-tested predictions for local

and cosmological observables and an uncontradictory linkage to quantum mechanics.
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1. Introduction
Physics is characterized as an empirical science. The accuracy of predictions for observations has
become the main criterion of success, and theories producing accurate predictions our guides to the
laws of nature and the picture of physical reality. Fast progress in empirical science relies on
successful mathematical descriptions of observations but limited metaphysical basis or linkage to
primary laws of nature. The introduction of dark energy as a mathematical correction solved the
mismatch between the predictions and observations of the magnitude-redshift relationship in standard
cosmology but created a problem of the physics behind the dark energy. When observations on the
velocity of light and the buildup of the momentum of accelerated electrons in the late 19th century did
not fit in the linear Newtonian reality, the reality was corrected with dilated time and contracted length.
“The corrected reality” turned out successful and obtained the form of spacetime that presently
characterizes the physical environment we live in.

The Dynamic Universe theory (DU) [1] is an endeavor to identify the basis for a unified
formulation of physics and cosmology theories and answer unanswered questions in current
formulations. DU relies on the zero-energy principle, first applied to space as a spherically closed
whole, and further, to all local interactions in space. DU means a holistic perspective of the observable
reality. Local phenomena are linked to the rest of space; motion in space is related to the motion of
space. Such an approach opens relativity as a direct consequence of conserving the overall energy
balance in the system: The buildup of local kinetic energy in space reduces the rest energy of the
object in motion resulting in the reduced characteristic frequency of atomic oscillators. The
corresponding effect occurs on the locally observed rest energy near mass centers due to the local
bending of space and the associated reduction of the local velocity of light. There is no need for
distorted time and distance needed in the kinematic solution of relativity theory. In the holistic
perspective, relativity means relativity between the local and the whole rather than relativity between
an object and the observer. Everything in space is interconnected.

Both the zero-energy principle and spherically closed space are well-known ideas. Combining the
two is problematic without the fourth dimension of metric nature. The zero-energy universe has been
proposed by Dennis Sciama [2]. As a zero-energy solution consistent with the space-time concept,
Edward Tryon [3] proposed quantum fluctuation, an instant release of gravitational potential as
negative quantum energy for the instant appearance of the energy of matter and radiation in the Big
Bang.

In his Lectures on gravitation in the early 1960s, Richard Feynman [4] p. 164 introduced
spherically closed space as an “intriguing suggestion” allowing an equal view to the surrounding
expanding space at any location in space. Feynman [4] p. 10 also pondered the equality of the total
gravitational energy and the rest energy in space as a great mystery but did not link the idea to
spherically closed space.

DU is a dynamical solution linking Feynman’s great mystery to his intriguing suggestion of
spherically closed space. Following the cosmological principle of Big Bang cosmology and
interpreting the fourth dimension of space-time a metric dimension with line element dr4 = cdt, all
locations in space are at about 14 billion lightyears distance from a “starting point in common” in the
fourth dimension; such an interpretation means space as the 3D surface of a 4D sphere (a 3-sphere in
mathematics) expanding at velocity c. The metric fourth dimension allows scalar, universal time that
applies equally in dynamics in the three space dimensions and the fourth dimension.

The dynamics of spherically closed space is like that of a spherical pendulum in the fourth
dimension. The energy of motion is gained against the release of gravitational energy in a contraction
phase and converted back to gravitational energy in the ongoing expansion phase. Maintaining the
zero-energy balance, the buildup of local structures in space converts part of the momentum in the
fourth dimension into momentum in space via local bending of space. Such a process occurs in several
steps creating a system of nested energy frames linking all local states of motion and gravitation to the
state at rest in a hypothetical homogeneous space that serves as a universal frame of reference.
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2. Merits of the Dynamic Universe

2.1. Understandable picture of reality
Instead of an instant big bang, the buildup and energization of the observable universe are described as
a contraction-expansion cycle from infinity in the past to infinity in the future or in repeated cycles
passing the “essential infinity”. In the contraction, mass in space gets its energy of motion from its
own gravitation and releases it back to gravity in the ongoing expansion phase. Following the zero-
energy principle, the energy structure of space is described as a system of nested energy frames that
links any local energy state to the state of rest in a hypothetical homogeneous space that serves as a
universal reference. Time and distance are used as universal coordinate quantities essential for human
comprehension. Phenomena that the relativity theory explains in terms of modified space-time metrics
are explained as consequences of their different energy states. Atomic clocks in motion or near mass
centers run slower because part of their energy is bound to local motion or gravitation – not due to the
different flow of time like in the framework of relativity theory. There is nothing discrete in DU space;
any local object is linked to the rest of space.

2.2. Clear postulates and illustrative notations
DU relies on the zero-energy principle, which means double-entry energy bookkeeping; for gaining
energy of motion, potential energy is released, and vice versa. The energy buildup of space reveals the
rest energy of matter as the energy of motion due to the motion of space in the fourth dimension, the
direction of the radius of the 3-sphere closing space. Maintaining the zero-energy balance, the buildup
of local structures in space converts part of the momentum in the fourth dimension into momentum in
space via local bending of space. Such a process occurs in several steps linking the local states of
motion and gravitation to the state of rest in a hypothetical homogeneous space. DU supports complex
function notations comprising the real part that expresses the effects in space directions, and the
imaginary part expressing the effect of whole space in the fourth dimension.

2.3. Phenomena that are explained better than by current theories
The overall energy balance in space requires that all gravitationally bound local systems expand in
direct proportion to the expansion of space. Early planets have been closer to the Sun, which gives a
natural explanation to the faint young Sun paradox, liquid water on Mars, and the higher ocean
temperatures required by the early geological development of the Earth. The development of the
number of days in a year can be observed from coral fossils originating back to 1 billion years. A
precise match with data is obtained by combining the effect of tidal interactions with the effects of
local expansion on the length of a day and the length of a year [5].

Following the energy bookkeeping, in free fall, kinetic energy is obtained against the release of the
rest energy of a falling object which cancels the buildup of “relativistic mass” as suggested by general
relativity due to the equivalence principle. Celestial mechanics in DU predicts perihelion advance
equal to that in general relativity but cancels the instability of orbits near the critical radius of black
holes as predicted by GR. Near the critical radius, DU predicts slow stable orbits that maintain the
mass of the black hole. The DU prediction gives an excellent match to the periods observed around
Sagittarius A* at the center of the Milky Way [6].

The cosmological appearance of space in DU is clear-cut; distance definitions are given in a closed,
parameter-free form. The observed Euclidean appearance of galaxy space is confirmed, and the
prediction for the magnitude-redshift relation of Ia Supernovae match observations accurately without
dark energy or other experimental parameters. The expansion of space is not accelerating but
decelerating due to the work expansion does against the gravitation of the structure.

2.4. Planck’s constant and the nature of quantum and matter wave
Without any assumptions tied to DU, Planck’s equation can be formally solved from Maxwell’s
equations by solving the energy that a single electron transition in a one-wavelength dipole emits into
a cycle of electromagnetic radiation. A point source can be regarded as a one-wavelength dipole in the
fourth dimension, where space moves the distance cdt=λ in one cycle. The solution links Planck’s
constant to primary electrical constants and the velocity of light and discloses the nature of the fine
structure constant as a pure numerical or geometrical factor. Removing the velocity of light from
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Planck’s constant, h0=h/c [kg∙m], reformulates Planck’s equation into the form E=h0/λ∙c2= mλ∙c2
formally equal to the rest energy of mass mλ =h0/λ, which is the mass equivalence of a quantum of
radiation, the counterpart of the Compton wavelength λm=h0/m, the wavelength equivalence of mass m.

The reformulation of Planck’s equation does not change physics but allows an illustrative picture of
the nature of mass, quantum, and the expressions of energy. Following the new formulation, e.g.
quantum states, like solutions of Schrödinger’s equation in closed systems, appear as energy minima
of mass wave states fulfilling relevant resonance conditions. The de Broglie wave can be derived from
Compton wavelength as a mass wave carrying the momentum of a moving mass object – much in the
way de Broglie was looking for.

2.5. Ontological considerations
The zero-energy approach of DU balances the rest energy of any mass object in space with the
gravitational energy of the rest of space. Unification of physics is obtained via unified expressions of
energy. The number of postulates needed in DU is radically smaller than that in contemporary physics.
In DU, the zero-energy principle applies in all branches of physics; there are no conflicting postulates
between different branches.

Following chapters summarize the basic principles and outcomes of the DU theory. A detailed
mathematical derivation is documented in the book The Dynamic Universe – Toward a unified picture
of physical reality [1]. The historical path guiding to DU is tracked in the book The Short History of
Science – or the long path to the union of metaphysics and empiricism [7].

3. The zero-energy balance of motion and gravitation

3.1. Primary energy buildup in space
The primary energy buildup is described as a contraction-expansion process of spherically closed
space. The rest energy appears as the energy of motion obtained against the release of gravitational
energy in the contraction of spherical space toward singularity; in the ongoing expansion phase, the
energy of motion is paid back to gravitational energy. Such an interpretation assumes a metric fourth
dimension, representing the direction of the 4-radius of space and time as a universal scalar allowing
the study of velocity and momentum equally in the three space directions and in the fourth dimension.

The gravitational energy of mass m in spherically closed space is expressed in terms of the mass
equivalence M” = 0.776∙MΣ at the center of the 4D sphere closing space (Fig. 1). Mass M” is obtained
by integrating the gravitational energy in homogeneous space,
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where G = 6.67∙10–11 [Nm2/kg2] is the gravitational constant, R4 the 4-radius of space, andMΣ =Σm the
total mass in space. Applying the zero-energy principle, the sum of the total gravitational energy and
the total energy of motion in the direction of the 4-radius, Em=c|p4|=MΣ c2, is zero

2
4/ 0m gE E M c GM M R 

    (2)

which means that the energy of motion in the contraction is obtained against release of gravitational
energy and released back to the energy of gravitation in the ongoing expansion phase (Fig. 2).
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Figure 1. The dynamics of spherically closed space
is determined by the balance between the energies of
gravitation and motion. The rest energy of a local
object is counterbalanced by the gravitational energy
arising from the rest of space. The gravitational
energy of mass m due to the rest of space is
expressed as the effect of the mass equivalence M”
representing the total mass MΣ at the 4-center of
space.

M”

Em=mc2

Em= –m∙GM”/R4

Figure 2. The buildup and release of the
rest energy of matter as the energy of
motion via contraction and expansion of
spherically closed space.
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The 4D velocity of space in the contraction and expansion is
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The numerical value is obtained by applying the average mass density ρ = 5∙10 –27 [kg/m3] which is
the Friedmann critical mass equivalence in the DU framework, the gravitational constant G =
6.67∙10−11 [Nm2/kg2], and R4 = Hubble radius ≈ 13.7∙109 [l.y.]. It is convenient to use the complex
quantity notation with the real part expressing quantities in space directions and imaginary part
expressing the related quantity in the fourth dimension.

Combining the rest momentum in the imaginary dimension with the momentum in a space
direction, the total energy of motion can be expressed as

 2¤ 2
m c c mc c p mcE     p p i (4)

which is formally equal to the expression of total energy in special relativity but without any
assumptions related to the theory of relativity. A consequence of the conservation of the total energy is
that the maximum velocity in space and the velocity of light is equal to the velocity of space in the
fourth dimension, c=c4. The buildup of mass centers in space is associated with local bending of space
in the fourth dimension which results in a reduction of the local velocity of light, observed as
gravitational lensing and a reduction of the rest momentum and a corresponding reduction of the
characteristic frequencies of atomic oscillators near mass centers in space (Fig. 3). Reduction of the 4-
velocity and the associated reduction of the velocity of light is the DU replacement of the dilated time
in the tilted space-time of general relativity.
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Figure 3 (a). The overall energy balance in
space is conserved via tilting of space in local
mass center buildup creating the kinetic energy
of free fall and the local gravitational energy.
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Figure 3 (b). Due to the tilting, the velocity of
space in the local fourth dimension is reduced
compared to the 4-velocity of the surrounding
non-tilted space.

3.2. From instant Big Bang to continuous buildup and release of energy
The buildup of the rest energy in the pre-singularity contraction phase cancels the assumed instant Big
Bang event of the standard model of cosmology. The singularity in DU is a state of extreme excitation
of the energies of gravitation and motion, followed by turn to expansion at extreme velocity which has
gradually slowed down to the present expansion velocity determining the current velocity of light. The
deceleration rate of the present expansion of light is dc4/c4  –3.6  10–11 /year. Such a change is
observable only indirectly, because the frequency of atomic clocks and the rate of physical processes
in general are directly proportional to the velocity of light. Following the zero-energy principle, the
local velocity of light is a function of the local gravitational potential. Accordingly, also the ticking
frequency of atomic clocks is a function of the local gravitational potential.

4. Linkage to GR space

4.1. Stress-energy tensor
In DU, the rest energy of a mass object in space is counterbalanced by the gravitational energy arising
from the rest of space, E=mc2=m∙GM”/R4. Due to the spherical geometry of space, the balance of the
complementary energies appears in the fourth dimension. For making sense with velocity, momentum
and the corresponding energy of motion in the fourth dimension, the fourth dimension shall be studied
as a metric dimension.

When interpreted in the light of Gauss’s divergence theory or simply as the physical linkage of
pressure and energy content, the stress-energy tensor in general relativity depicts similar symmetry
and energy balance in the fourth dimension. On the cosmological scale, in homogeneous space, the
stress-energy tensor can be expressed in the form
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where, the energy density mc 2/dV is the rest energy of mass m in volume dV and the local net force
densities F11/dA, F22/dA, and F33/dA in the three space directions are equal to zero. The energy content
of volume dV is equal to the pressure uniformly from all space directions, which can be interpreted as
the integrated gravitational force from whole space. Once the global gravitation on element mc 2/dV
appears in the element related to the fourth dimension in the stress tensor, the center of gravity must be
in the fourth dimension at equal distance from any space location. Such a situation means spherically
closed space.

Einstein [8] drew a similar conclusion in his Berlin Writings in 1914–1917 p. 371: “If we are to
have in the universe an average density of matter which differs from zero, however small may be that
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difference, then the universe cannot be quasi-Euclidean. On the contrary, the results of calculation
indicate that if matter be distributed uniformly, the universe would necessarily be spherical (or
elliptical).”

The concept of spacetime with time as the fourth dimension is confusing; the line element in the
fourth dimension is ds=c∙dt, where c is the velocity of light [m/s] and dt the time differential [s]. It
means that the extension in the fourth dimension is not measured in the units of time, seconds [s], but
in the units of distance, meters [m]. Accordingly, when measured in the fourth dimension, the “age” of
the universe is not 14 billion years, but the distance from the starting point to any location in space

today is
0

today
R c dt cT   ≈ 14 billion lightyears, which means that space is the three-dimensional

“surface” of a 3-sphere with radius R ≈ 14 billion lightyears in the fourth dimension.
For conserving the balance of the energies in the local mass center buildup, the total gravitational

energy is divided, via the tilting of local space, into orthogonal components with the local gravitational
energy in a space direction and the reduced global gravitational energy in the local fourth dimension.
This means a reduction of the local rest energy of objects and consequently, e.g., a reduction of the
characteristic frequencies of atomic oscillators in tilted space.

4.2. Critical mass density
Based on measurements of microwave background radiation by the Wilkinson Microwave Anisotropy
Probe (WMAP), the mass density in space is essentially equal to Friedmann’s critical mass density
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where G (≈ 6.67  10–11 [Nm2/kg2]) is the gravitational constant and H0 the Hubble constant [≈70
(km/s)/Mpc]. In the framework of Standard Cosmology, such a condition means “flat space”
expanding with the energies of motion and gravitation in balance. Assuming the volume of space as
the volume of a 3D sphere with radius RH =c/H0, the total mass in space and the velocity of light can
be expressed as

3 2 3 2
2

2

4 3 4 2
,

3 3 8 2
H H H

c
H H

R c R c R GM
M c

R G G R
    


 




(7)

respectively.
Solved from Friedmann’s critical mass density, the rest energy of mass m and the total mass M=Σm

in Standard Cosmology space are
2

2 22 2
; ½

H H H

GMm GM GM
mc Mc c

R R R
    (8)

Formally, the last form of equation (8) describes c as the Newtonian escape velocity at distance RH
from mass M at the barycenter representing the total mass in space. This means that the rest energy, as
the Newtonian kinetic energy of mass m, is counterbalanced with the global gravitational energy
arising from hypothetical mass M at distance RH from mass m anywhere in space. Such a solution is
possible only in 3D space which is the surface of a 3-sphere with radius RH. The factor ½ in the rest
energy Mc2 in equation (8) comes from the numerical factors used in Einstein’s field equations to
make them consistent with Newtonian gravitation and kinetic energy at a low gravitational field in 3D
space.

5. Cosmological consequences

5.1. Development of the expansion of space
DU gives a precise prediction for the development of the expansion rate of space
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where t is the time from the singularity. Today, the 4-radius R4 is about 14 billion light years. Due to
the faster expansion rate in the past, the age of the expanding space is about 9.3 billion present years.

All gravitationally bound local systems, as well as the wavelength of electromagnetic radiation
propagating in space, expand in direct proportion to the expansion of space as a whole (Fig. 4). Atoms
and material objects do not expand. 2.8 cm of the measured 3.8 cm annual increase of the Earth to
Moon distance comes from the expansion of space and only 1 cm from tidal interactions. Earth and
Mars have been closer to the Sun in their infancy which offers an obvious solution to the early faint
Sun paradox.

Figure 4. In DU, all gravitationally bound
local systems like galaxies and planetary
systems expand in direct proportion to the
expansion of space.

t
R4

5.2. Optical distance
In DU space, everything is interconnected. The rest energy of any mass object in space is balanced
with the gravitational energy arising from the rest of space. All gravitationally bound systems in space
expand in direct proportion to the expansion of the 4-radius of space. The linkage of the velocity of
light in space to the expansion velocity of space in the fourth dimension means, e.g., that the optical
distance in space is equal to the increase of the 4-radius during the time light propagates from the
object. Such a situation allows a simple, closed-form expression for the optical distance versus redshift

0 1
zD R
z




(10)

where R0 is the 4-radius of space at the time of the observation (Fig. 5).
The optical distance applies to angular size distance and, when corrected with redshift dilution, to

the luminosity distance. In DU, luminosity distance applies directly to the observed bolometric
magnitudes (without reduction to the emitter’s rest frame by the K-correction like in GR cosmology)
and produces precise predictions, e.g., to Ia supernovae magnitudes without hypothetical dark energy.
In DU, there is no basis for the reciprocity [9] of Standard Cosmology.

Figure 5. Light path in expanding space. The
optical distance is the integrated tangential
component of the of light path. The radial direction
in the picture, is the fourth dimension showing the
development of the expansion.
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5.3. Euclidean appearance of galaxy space
The spherical geometry, the linkage of the velocity of light to the expansion velocity, and the linkage
of the size of quasars and galaxies to the expansion of space result in the Euclidean appearance of
galactic space, fully supported by observations [10] (Fig. 6).

5.4. Magnitude of standard candle
DU produces a precise prediction for the bolometric magnitude of standard candles without dark
energy or any other adjustable parameters. For applying the DU prediction to K-corrected magnitudes
used in standard cosmology, the DU prediction obtains the form

   45log 5log 2.5log 1
10pcDU

R
m M z z    

 
 
 

(11)

Figure 7 illustrates the match of (11) to the K-corrected observations of Ia supernovae [10].

Figure 7. Distance modulus μ = m – M,
vs. redshift for Riess et al. “high-
confidence” dataset and the data from
the HST [11]. The DU prediction (solid
curve) is based on equation (11).
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5.5. Days in a year
Perhaps the most convincing cosmological support for the linkage between the size of planetary
systems and the expansion of space comes from the prediction for the development of the number of
days.

A unique possibility for studying the long-term development of the Earth’s rotation comes from
paleo-anthropological data available from almost 1000 million years in the past. Fossil layers preserve
both the daily and annual variations, thus giving the development of the number of days in a year [12,
13]. The lengthening of a day for the past 2700 years is also available from ancient Babylonian and
Chinese eclipse observations [14,15]. The average lengthening of a day obtained from the eclipse
observations is 1.8 ms/100y, which is about 0.7 ms/100y less than the estimated effect of tidal friction,
2.5 ms/100y. The length of a day has been measured with atomic clocks since 1955. An announced
result for the lengthening of day by NASA is 1.5 ms/100y.

According to GR and Standard Cosmology, planetary systems do not expand with the expansion of
space, and atomic clocks conserve their frequencies [16]. It means that the length of a year is assumed
unchanged, and the length of a day is affected only by tidal interactions with the Moon and Sun.
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Figure 8. Development of the
length of a year in the number of
days. Black squares are data points
from [12,13].
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In the DU framework, planetary systems expand in direct proportion to the expansion of space and
the frequency of atomic clocks slows down in direct proportion to the decrease in the velocity of light.
As a consequence, the length of a year, the length of a day, and the frequency of atomic clocks change
with the expansion of space. Combining the change in the length of a year, 0.6 ms/100y, with the
effect of tidal friction on the length of a day, 2.5 ms/100y we obtain 1.9 ms/100y which precisely
matches the value obtained from the coral fossil data, and is essentially the same as the result
calculated from ancient solar eclipses (1.8 ms/100y) (Fig. 8). Correcting the atomic clock
measurement by NASA with the DU correction due to the change of the frequency of atomic clocks,
we get to 1.9 ms/100y.

5.6. The faint young Sun paradox and the lunar distance
At the time of the early development of the planets about 4 billion years ago, solar insolation is
estimated to have been about 25% fainter than it is today [17]. Based on geological observations, the
temperature of oceans on the Earth has been about 30-40 °C. Also, there is evidence of liquid water on
Mars at that time. According to DU, Earth and Mars have been about 30% closer to the Sun than they
are today. Combining that with the fainter luminosity of the Sun, 30-40 °C ocean temperature on the
Earth and liquid water on Mars are well in line with the DU prediction.

The distance of the Moon has been monitored in the Lunar Laser Ranging program since 1970s
[18]. In the DU framework, 2.8 cm of the measured 3.8 cm annual increase of the Earth to Moon
distance comes from the expansion of space and only 1 cm from the tidal interactions.

6. Motion and gravitation in local space

6.1. Momentum as a complex function

6.1.1. Constant gravitational potential. Any motion in space is associated with the motion of space in
the fourth dimension. It is convenient to express momentum and energy as complex quantities with the
momentum in the fourth dimension as the imaginary part and the momentum in a space direction as
the real part. In the complex function presentation, the total energy of motion is
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い
0 0mE c mc c   p i p (12)

where c0 is the velocity of light in hypothetical homogeneous space, and c is the local velocity of light
(in locally bent space). p is the momentum in space and p¤ the complex total momentum. For mass m
at rest in a local frame p=0 and equation (12) gives the rest energy. For electromagnetic radiation
imc=0, and the energy is E=c0|p|. For a moving mass object with momentum p in space, the total
energy of motion is

     2¤ 2
0 0Mod mE E c p mc c m m c      (13)

In the Earth's gravitational frame, c is estimated as c ≈ 0.999 999∙c0. Equation (13) conveys the
total energy expression of special relativity without any assumptions behind the relativity theory. A
detailed analysis of momentum p = (m+Δm)∙v shows that the part m∙v of the momentum is the real
part of the rotated rest momentum mc, and Δm∙v the real part of Δmc, the addition to the rotated rest
momentum completing the total momentum (Fig. 9).

In spherically closed space, any motion in space is central motion relative to the 4-center of the 3-
sphere space. The work done by the central force against the gravitational force due to the rest of space
in the fourth dimension is observed as the reduction of the rest energy of the moving object. This is the
quantitative expression of Mach’s principle.

The rest momentum and the corresponding rest energy of a moving object is reduced as

   
2

0 1rest v restE E   (14)

where β=v/c. Equation (14) means, e.g., that atomic clocks in motion run slower – exactly in the way
predicted by special relativity, however, not because of dilated time but as the consequence of reduced
rest energy of the oscillating electrons in the clock. Also, equation (14) means that the frame of
reference where velocity v is observed is the energy frame where the kinetic energy was created.

6.1.2. Momentum in free fall. The gravitational energy balancing the rest energy of a test mass m
arises from all mass in space that is represented by mass equivalence M”=0.776∙Mtot at the center of
the 3-sphere, the barycenter of spherically closed space. The buildup of local mass centers means the
removal of mass from the symmetry to build up a mass center in a specific space direction. At distance
R from the local mass centerM in space the global gravitational energy arising fromM” is reduced as,
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Figure 9. In DU space, buildup of velocity v at
constant gravitational potential requires insertion of
energy c0∙Δmc which results in the momentum in the
direction of real axis and total energy Etot =
c0∙(m+Δm)c, and the total momentum p =(m+Δm)v
in the direction of the real axis (space direction).
Energy c0Δmc is the energy insertion from the
accelerating system resulting in the kinetic energy.
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which balances the local rest energy at distance R from the mass center

       "
0 1rest g restE E E      (16)

where Erest(0δ) is the rest energy of mass m at rest far from the local mass center M (Fig. 10). As
required by the conservation of the total energy, the kinetic energy obtained in free fall from
homogeneous space to distance R from mass center M is equal to the reduction of the local rest energy,
ΔErest = c0Δmc.

Combining the effects of motion and gravitation, the rest energy in a local gravitational frame is
expressed

      2
, 0 ,0 1 1rest restE E       . (17)

As illustrated in Figure 10 the reduction of the rest energy by local gravitation is associated with a
reduced velocity of light. The frequency of atomic oscillators is directly proportional to the rest
momentum of the oscillating electrons. Equation (17) conveys the combined effect of motion and
gravitation on the frequency. Equation (17) is the DU replacement of Schwarzschildian time dilation
of general relativity

2

0 1 2dt dt    (18)

In the Earth gravitational frame, the difference between equations (17) and (18) appears only in the
18th to 20th decimal. In DU space, the local velocity of light is locked to the local 4D velocity of space.
A mass center like the Earth, orbiting the Sun, draws a dent in space with the orbital motion and
conserves the local velocity of light at a fixed distance from the center.

6.1.3. The system of nested energy frames. The buildup of mass centers in space occurs in several
steps. Following the conservation of the overall balance of the energies of motion and gravitation, the
rest energy of mass m in any local frame can be related to the rest energy of mass m at rest in
hypothetical homogeneous space
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Figure 11 illustrates the system of nested energy frames relating the rest energy of an accelerated
ion in an accelerator on the Earth to the rest energy the electron would have at rest in hypothetical
homogeneous space. The system of nested energy frames means full replacement of the observer-
centered frames of reference applied in the framework of the theory of relativity.

FIG. 10. Buildup of velocity v in free fall in a
gravitational field is obtained against reduction
of the local 4-velocity of space; there is no mass
insertion, and the momentum is p=mv. The
kinetic energy of free fall is equal to the
gravitational energy released
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Hypothetical homogeneous space
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Figure 11. The system of nested energy frames. The rest energy in the n:th (local) frame is subject
to reductions due to the motions and gravitational states of the local frame in all its parent frames –
and is finally related to the rest energy the object would have at rest in a hypothetical homogeneous
space.

Accelerator
frame

7. Celestial mechanics in DU space

7.1. Orbital precession and black holes
The DU prediction for the precession (in addition to interaction with other planets) of the orbit of the
planet Mercury is the same 43 arcseconds/100 years as that given by Schwarzschild’s solution of
general relativity. Schwarzschild solution generates a small cumulative term that increases the orbital
radius. In textbooks, the perihelion is generally solved for a single revolution which allows omitting
the cumulative term as a secondary secular [19], [20]. When calculated for about one million cycles,
the cumulative term, however, grows large enough to cast Mercury out of the solar system (Fig. 12(a)).
For orbits close to black holes, the cumulative term is large enough to throw the orbiting object out of
the system in one revolution, which excludes orbits with a radius shorter than three times the critical
radius in Schwarzschild space. The DU solution of the orbit around a mass center does not have
cumulative terms, which means that all orbits, including orbits around black holes, are stable (Fig.
12(b)).

In DU space, the orbital period has its minimum at the radii 2 times the DU critical radius r0 =
GM/c2, which is half of the Schwarzschild critical radius. Orbital velocities in orbits with a radius
approaching the DU critical radius approach zero, which allows the mass at the slow orbits to maintain
the mass of the black hole.

Figure 13 illustrates the orbital period close to the critical radius of Sagittarius A* at the center of
the Milky Way. The calculated minimum period in DU space is 14.8 min, which is short enough to
explain the observed 16.8 min orbits [6].
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Figure 12. Development of the orbital precession for a near black hole orbit characterized by r/r0 =
20 and e=0.5, and for Mercury’s orbit with r/r0= 4∙10

7 and e = 0.2. (r0=GM/c
2). (a) In Schwarzschild

space the orbiting object escapes when the cumulated precession exceeds 45°. The calculation is
based on the Schwarzschildian solution given in [18]. (b) In DU space orbits are stable. Mass at
slow orbits near the critical radius maintains the mass of the black hole.

(a) Schwarzschild space (b) DU space

Figure 13. Predictions for the period of
circular orbits around Sagittarius A* in the
center of Milky Way. The shortest observed
period is 16.8  2 min [6] which is close to the
minimum period of 14.8 minutes predicted by
the DU. In GR space, the suggested
explanation for the observed “too fast” periods
is a rotating black hole referred to as the Kerr
black hole.
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7.2. Orbital decay
In DU framework, the decay of the period of an elliptic orbit is a consequence of the periastron
rotation and the related rotation of the orbital angular momentum in the fourth dimension (Fig.14).

Interestingly, the prediction (20) derived from the rotation of the 4D orbital angular momentum [1]
gives essentially the same prediction as the GR prediction (21) based on the change of the quadrupole
moment [21], [22]. The only difference is, that DU predicts orbital decay for eccentric orbits only, GR
predicts decay for circular orbits, too (Fig. 15). The energy radiation (gravitational radiation) by the
rotating 4D angular momentum in the DU has not been analyzed.
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Figure 14. In DU framework the orbital decay
of binary stars is calculated from the energy
related to the rotation of orbital angular
momentum due to the periastron advance.
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Figure 15. The eccentricity factor of the
decay of binary star orbit period. At the
eccentricity e = 0.616 of the PSR 1913+16
orbit the eccentricity factor of the GR and DU
for the orbit decay are essentially the same.
According to DU prediction the eccentricity
factor goes to zero at zero eccentricity.

8. Mass and electromagnetic radiation

8.1. From Maxwell’s equations to Planck’s equation
Unlike generally understood, formally, Planck’s equation can be derived from Maxwell’s equations.
Applying the standard solution of the Hertzian dipole, the energy emitted by a single oscillation of N
electrons in a one-wavelength dipole into a cycle of electromagnetic radiation is

3 2
0

2 2  E N A e c f   (22)

where A is the geometrical factor of the dipole which for a Hertzian dipole is A=2/3, e is the electron
charge, μ0 vacuum permeability, c the velocity of light, and f =c/λ the frequency of the radiation
emitted. (Note that equation (22) applies the vacuum permeability μ0 =c2/ε0 instead of vacuum
permittivity ε0 most commonly used.)

In the DU framework, a point emitter, like an atom, moves the distance of one wavelength in the
fourth dimension in a cycle (equal to the 4D line element cdt in the GR framework). A point emitter
can be considered as a one-wavelength dipole in the fourth dimension with an isotropic emission
pattern suggesting A close to 1. For a single electron transition (N=1), with A = 1.1049 equation (22)
becomes

3 2
01.1049 2    E e c f h f   (23)

where the factor 1.1049∙2π3e2μ0∙c = 6.62607∙10–34 [Js] is equal to Planck’s constant h. An important
message of equation (23) is that the Planck constant h has the velocity of light as a “hidden” internal
factor. Defining the intrinsic Planck constant h0 = h/c, Planck’s equation obtains the form

20
0     

h
E h f h c f cc m c 

(24)

where the quantity h0/λ = mλ is referred to as the mass equivalence of electromagnetic radiation. In DU
framework, including the conversion factor c0/c (estimated of the order of ppm) into factor A, equation
(24) is written in the form

0
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Applying the intrinsic Planck constant, Compton wavelength, as the wavelength equivalence of
mass appears as the counterpart of the mass equivalence of electromagnetic radiation

0  Compton m

h h
mc m

  (26)

allowing the wave expression of the rest energy in the form
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The breakdown of Planck’s constant into primary electrical constants discloses the physical nature
of the fine structure constant α as a pure numerical or geometrical constant without connections to
other natural constants
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In DU, mass obtains the role of the wavelike substance for the expression of energy. Mass
expresses energy via motion, gravitation or Coulomb energy, which for unit charges e can be
expressed
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where mC is the mass equivalence of unit Coulomb energy.

8.2. The frequency of atomic oscillators
The quantum mechanical solution of the emission/absorption frequency of atomic oscillators can be
expressed in terms of the rest energy of the oscillating electrons, the Planck constant, and the quantum
numbers characterizing the energy states related to the oscillation
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where ΔE(n1,n2) is the difference of the rest energy of an electron in the two energy states relevant to the
emission/absorption process, h is the Planck constant, me the rest mass of the electron of the atom in
the local energy frame, and c the local velocity of light. The function ΔF(α,n,l,ml,ms) is determined by
the fine structure constant α and the quantum numbers characterizing the energy states in question.
Applying the intrinsic Planck constant h0=h/c equation (30) reduces to the form
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which means that the characteristic frequency of an atomic oscillator is directly proportional to the rest
mass of the oscillating electrons and the local velocity of light, which also guarantees that the velocity
of light appears as constant when measured with an atomic clock. In DU framework, the rest mass is
affected by motion as

   
2

0 ,0
0

1
n

irest n
i

m m


   (32)

and the local velocity of light by the local gravitational state as
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which give the general expression to the characteristic frequency
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where f(00,00) is the frequency of the oscillator at rest in hypothetical homogeneous space. In a local
energy frame, the frequency is expressed as

      2
, 0 ,0 1 1  f f     (35)

where f(0δ,0) is the frequency of the oscillator at rest (β=0) out of the gravitational interaction (δ=0) of
the local frame like, e.g., the rest clock in the Earth gravitational frame (Earth Centered Inertial, ECI
frame). Equation (35) applies to all clocks moving on the Earth and in near space. Equation (35) is the
DU replacement of the dilated time in Schwarzschild space used to explain the changing clock
frequencies in the Earth gravitational frame in GR framework

2
0 1 2  dt dt   (36)

In the Earth gravitational frame, equations (35) and (36) give equal predictions up to the 18th to 20th
decimal.

Closed systems like accelerators or centrifuges are subframes in the Earth gravitational frame. The
clock frequency in such frames is

      2 2
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where δsf/Earth and βsf/Earth are the gravitational factor and velocity of the subframe in the Earth
gravitational frame, respectively, and βsf the velocity of the clock in the subframe. When related to the
frequency f(sf=0) of a reference clock at rest relative to and at the same gravitational state as the
subsystem (the laboratory frame), equation (37) can be expressed as
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which corresponds to the time dilation equation in the framework of special relativity,

2
0 1 dt dt  (39)

relating the “flow of time” in the clock’s frame of reference to the flow of time in the observer’s frame
of reference.

8.3. The velocity of light
In DU framework, the velocity of light is linked to the local 4D velocity of space, which is a function
of the local gravitational state. Bending of the light path passing a mass center as well as the Shapiro
delay are direct consequences of the slower speed of light and the increased distance due to the dent
around a mass center. Motion of a mass center in its parent frame, like the Earth in the Solar System
gravitational frame draws the local dent with the motion, which conserves the velocity of light at a
fixed gravitational state in the Earth gravitational frame.

The frequency of an atomic clock is directly proportional to the local velocity of light which means
that the velocity of light is observed unchanged when measured with atomic clocks. The signal
transmission time, e.g., from a satellite to a receiver on the rotating Earth can be calculated from the
actual distance from the satellite at the time the signal is sent to the location of the receiver at the time
the signal is received. Such a calculation includes the Sagnac correction needed in the GR/SR
framework as a correction for the motion of the receiver during the signal transmission time.

9. Ontological considerations

9.1. A. The nature of quantum
The wavelike nature of mass enabling the expression of the energy of electromagnetic radiation via
mass equivalence mλ=h0/λ or mλ=ћ0k conveys many features obtained with the concept of wave
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function in the standard formalism of quantum mechanics. Energy eigenstates of electrons in atoms are
considered discrete energy states. Resonant mass wave states show the same energy states, not as
discrete energy states but as the energy minima of states fulfilling a resonance condition.

Identification of Planck’s equation as the energy conversion equation at the emitter and absorber
instead of an intrinsic property of radiation, has important consequences in cosmology, especially on
the interpretation of the effect of Planck’s equation on the dilution of redshifted radiation [23].

The solution of Planck’s equation from Maxwell’s equations as the energy emitted to a cycle of
electromagnetic radiation by a unit charge transition in the emitter re-establishes Planck’s
interpretation of the equation as the energy conversion equation at the emitter and absorber. In
principle, an emitter may be isotropic or directional; in the first case the radiation emitted from a point
source is spread uniformly to all space directions, in the latter case it is observed as a localized photon-
like energy object like the emission from a laser.

Absorption of quantum is symmetric with the emission; the energy carried by a cycle of radiation is
absorbed if the energy within the capturing area of the receiving “antenna” is enough to result in an
electron transition corresponding to the energy characteristic of the wavelength of the radiation. It
means, e.g., that we do not need localized photons for explaining the photoelectric effect.

As given by Maxwell’s equations, the energy emitted into a cycle of radiation by an emitter with N
oscillating electrons is
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where N2 is the intensity factor. A “quantum receiver” is not energy selective but wavelength selective
like any radio antenna.

9.2. From Compton wavelength to de Broglie wavelength
In DU framework, localized mass objects can be described as “3D Compton wave resonators”. At the
state of rest, the momentum of the resonator, as the sum of opposite 3D waves, appears in the fourth
dimension as the rest momentum. When the resonator moves at velocity βc in space, the rest
momentum of the resonator is reduced as
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In the direction of the motion, the momentums of the Doppler shifted front and back waves in the rest
frame are

 

21 ˆ½
1


 

rest

mc





p r and  

21 ˆ½
1


 

rest

mc





p r , (42)

respectively, resulting in a net wave with momentum
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which is the momentum de Broglie wave carries in space. The momentum wave can be interpreted as
a wave with mass 21  effm m   propagating at velocity c, or mass

21  effm m propagating at velocity βc = v. The momentum wave is observed propagating
“beside” the moving object in the local frame, giving a natural explanation to the double slit
experiment (Fig. 16).

9.3. Quantum states as energy minima of resonant mass wave structures
Applying the concept of a mass wave, the principal energy states of an electron in hydrogen-like atoms
can be solved by assuming a resonance condition of the de Broglie wave in a Coulomb equipotential
orbit around the nucleus. The Coulomb energy of Z electrons at distance r from the nucleus is
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For a resonance condition the de Broglie wavelength nλdB = 2πr, which is equal to the wave number
boundary condition kdB = n/r. The energy of an electron as the sum of kinetic energy and Coulomb
energy in a Coulomb equipotential orbit with radius r is En =Ekin+ECoulomb and can be written in the
form
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The solution of equation (45) is illustrated in Figure 17; for each value of n, the total energy En is a
continuous function of r. The “quantized” energy states are energy minima of En for each value of n.
The minima are obtained by derivation of equation (45)
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showing the “relativistic” minima with an approximation equal to the non-relativistic solution obtained
from Schrödinger’s equation.

10. Philosophical considerations

10.1. The essence of mass
Breaking down Planck’s constant into its constituents opens up the essence of mass as wavelike
“substance” for the expression of energy. Mass is not a form of energy, but it expresses energy related
to motion and potentiality. In DU framework, mass is conserved also in annihilation; the mass
equivalence of emitted photons is equal to the rest mass of annihilated particles. The total mass in

Figure 16. The momentum of an
object moving at velocity βc is the
external momentum as the sum of the
Doppler shifted front and back waves,
which can be described as the
momentum of a wave front
propagating in the local frame in
parallel with the propagating mass
object.
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space is a primary conservable. The contraction of space builds up the excitation of complementary
energies of motion and gravitation. The anti-energy for the rest energy of a localized mass particle is
negative gravitational energy arising from all other mass in space.

10.2. Inertia and Mach’s principle
In DU framework, inertial work is the work done against the global gravitational energy as the
interaction in the fourth dimension, which means a quantitative explanation of Mach’s principle.
Inertia is not a property of mass; in DU framework, the “relativistic mass increase” Δm introduced in
SR framework is the mass contribution by the accelerating system for the buildup of kinetic energy. In
the complex quantity presentation, the real part of kinetic energy increases the momentum observed in
space, and the imaginary part of kinetic energy reduces the global gravitational energy and the rest
energy of the moving object, which is observed as the reduced ticking frequency of atomic clocks in
motion.

Any motion in space is central motion relative to the barycenter of space in the center of the 4D
sphere defining space. Inertial work can be understood as the work that the central force created by
motion in space does against the global gravitational force in the fourth dimension. Energy objects like
photons or electromagnetic radiation propagating at the velocity of light in space move like at a
satellite orbit around the barycenter of space. Electromagnetic radiation has its mass equivalence;
radiation is not massless but weightless.

10.3. Occam’s razor
DU omits all central postulates of the relativity theory, the relativity principle, equivalence principle,
the constancy of the velocity of light, dark energy, the space-time linkage. The primary DU postulate
is the zero-energy balance in spherically closed space. DU gives at least as precise predictions as
SR/GR but uses far fewer postulates and more straightforward mathematics [23]. Most importantly,
DU uses time and distance as universal coordinate quantities essential for human comprehension and
offers a framework for a unified theory comprising physics from cosmology to quantum phenomena.

10.4. Aristotle’s entelecheia and the linkage of local to whole
In the spirit of Aristotle’s entelecheia, the primary energy buildup is described as “actualization of
potentiality”, the conversion of gravitational energy into the energy of motion. In the spirit of
entelecheia, DU follows the zero-energy principle or double-entry energy bookkeeping; for obtaining
energy in one form the same amount of energy in another form is released. Any state of motion in
space has its history that links it, through the system of nested energy frames, to the state of rest in
hypothetical homogenous space. Velocity in space can be related to an observer in a kinematic sense;
however, in DU framework a state of motion is related to the state where the energy building up the
kinetic energy was released. There are no independent objects in space, any local object is linked to
the rest of space; the rest energy of any energy object is balanced by the global gravitational energy
arising from all mass in space.

Figure 17. Total energy of electron in
hydrogen-like atoms for principal quantum
number n = 1, n = 2, n = 3 according to
equation (45). Orbital radii of the energy
minima are r/rBohr=1, r/rBohr=4, and
r/rBohr=8, respectively.
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