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In this paper we develop a fractal model of matter as stable eigenstates in chain systems
of harmonic quantum oscillators and derive a fractal scalar field that should affect any
type of physical interaction, regardless of its complexity. Based on this assumption,
we discuss series of experiments on the timing of free falling solid particles inside
polyhedral structures whose boundaries coincide with equipotential surfaces of the field.

Introduction

An essential aspect of scientific research is the distinction be-
tween empirical facts and theoretical models. This is not only
about honesty and ethics in science, but a crucial condition of
its evolution. The scientist should always be aware of this.

The nature and origin of gravitation is a key topic in mod-
ern physics. Gravitation manifests itself as universal force
of attraction. It decreases with increasing distance, but it is
thought as having unlimited range. Unlike electrical or mag-
netic forces, gravitation is considered as to be not shieldable.

The term ‘gravitational shielding’ is usually imagined as
effect of reducing the weight of an object located in a constant
gravitational field, neither changing the mass of the object nor
its location in that field. Gravitational shielding is considered
to be a violation of the equivalence principle and therefore in-
consistent with both Newtonian theory and general relativity.

Nevertheless, some experimental evidence [1] indicates
that such effect might exist under quite exotic conditions in
which a superconductor is subjected to peak currents in ex-
cess of 10* A, surface potentials of 10° V, magnetic fields up
to 1 T, and temperature down to 40 K.

In the context of classical physics, mass is considered as
source of gravitation described by the Newtonian ‘law of uni-
versal gravitation’ as an instantaneous force acting through
empty space. A fundamentally different understanding of
gravitation arises from Einstein’s general theory of relativity.
In this case, gravity acts through a hypothetical ‘curvature of
space-time’, while any kind of energy can cause it.

Gravitation is treated as dominant force at macroscopic
scales that forms the shape and trajectory (orbit) of astronom-
ical bodies including stars and galaxies. Advanced models
were developed [2—4] in the last century which explain es-
sential features of the formation of the solar system. Though,
if numerous bodies are gravitationally bound to one another,
classic models predict long-term highly unstable states that
contradict with the astrophysical reality in the solar system.

Furthermore, many metric characteristics of the solar sys-
tem are not predicted in standard models. A remarkably large
number of coincidences are considered to be accidental and
are not even topics of theoretical research. Until today none
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of the standard models of gravitation could explain why the
solar system has established Jupiter’s orbital period at 11.86
years and not 10.27 or 14.69 years; why the Sun and the
Moon, the gas giant Jupiter and the planetoid Ceres, but also
Earth and Mars have similar rotation periods; why Venus and
Uranus, as well as Mars and Mercury have similar surface
gravity accelerations; why several exoplanets in the Trap-
pist 1 system have the same orbital periods as the moons of
Jupiter, Saturn and Uranus etc. etc.

The standard theory of gravitation experiences also ex-
ceptional difficulties to explain the dynamics in star systems.
The orbital velocities of stars should decrease in an inverse
square root relationship with the distance from the Galactic
Center, similar to the orbital velocities of planets in the so-
lar system. But this is not observed. Outside of the central
galactic bulge the orbital velocities are nearly constant.

Already in 1933, Fritz Zwicky [5] discovered that the
fast movement of the galaxies in the Coma Cluster cannot
be explained by the gravity effect of the visible galaxies only
and hypothesized the existence of unseen mass that he called
‘dark matter’. In 1957, Henk van de Hulst and then in 1959,
Louise Volders demonstrated that the galaxies M31 and M33
do not spin as expected in accordance with Kepler’s laws.

According to the hypothesis of mass as source of grav-
ity, this deviation might be explained by the existence of a
substantial amount of matter flooding the galaxy that is not
emitting light and interacts barely with ordinary matter and
therefore it is not observed. To explain the dynamics in galax-
ies and clusters, standard theories of gravitation need a lot of
dark matter - 85% of the matter in the universe. Even particle
physics has no idea what dark matter could be.

Nevertheless, it is still believed that gravitation of mass
determines the orbits of planets and moons, planetoids and
asteroids, comets and artificial satellites, and in the cosmos,
the formation of stars and galaxies and their evolution. It is
also thought that it is the mass of the Earth that causes all
bodies to fall ‘down’.

The universality of free fall means that the gravity accel-
eration of a test body at a given location does not depend on
its mass, form, physical state or chemical composition. This
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discovery, made four centuries ago by Galilei, is confirmed by
modern empirical research with an accuracy of 10! — 10712,
A century ago Einstein supposed that gravity is indistinguish-
able from, and in fact the same thing as, acceleration. Indeed,
Earth’s surface gravity acceleration can be derived from the
orbital elements of any satellite, also from Moon’s orbit:
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where R is the semi-major axis of Moon’s orbit, T is the or-
bital period of the Moon and r is the average radius of the
Earth. No data about the mass or chemical composition of
the Earth or the Moon is needed.

The 3" law of Johannes Kepler describes the ratio R*/7?
as constant for a given orbital system. Kepler’s discovery is
confirmed by high accuracy radar and laser ranging of the
movement of artificial satellites.

Actually, Kepler’s 3" law is of geometric origin and can
be derived from Gauss’s flux theorem in 3D-space within ba-
sic scale considerations. It applies to all conservative fields
which decrease with the square of the distance and does not
require the presence of mass.

It is important to underline that the orbital elements R and
T are measured, but 4 = GM is a theoretical presumption
that provides mass as a source of gravity and the universality
of the coefficient G, the ‘gravitational constant’.

One of the basic principles of scientific research is the
falsifiability of a theory. Occam’s Razor that expresses the
preference for simplicity in the scientific method is mainly
based on the falsifiability criterion: simpler theories are more
testable.

Obviously, any theory that postulates gravitation of mass
as dominant forming factor of the solar system and the galaxy
is not falsifiable, because there is no independent method to
measure the mass of a celestial body. Actually, no mass of
any celestial body is measured, but only calculated based on
the theoretical presumption ¢ = GM, and G is estimated in
laboratory scale only.

This does not mean that those theories are compellingly
wrong, but it should not surprise anyone if the assumption
G = constant leads to problems in describing processes that
differ by 40 orders of magnitude.

The big G is known only to three decimals, because grav-
ity appears too weak on the scale of laboratory-sized masses
for to be measurable with higher precision. As mentioned
Quinn and Speake [6], the discrepant results may demonstrate
that we do not understand the metrology of measuring weak
forces or they may signify some new physics.

In the case of mass as source of gravity, in accordance
with Newton’s shell theorem, a solid body with a spherically
symmetric mass distribution should attract particles outside it

Hartmut Miiller et. al. On the Acceleration of Free Fall inside Polyhedral Structures

as if its total mass were concentrated at its center. In contrast,
the attraction exerted on a particle should decrease as the par-
ticle goes deeper into the body and it should become zero at
the body’s center.

The Preliminary Reference Earth Model [7] affirms the
decrease of the gravity acceleration with the depth. How-
ever, this hypothesis is still under discussion. In 1981, Stacey,
Tuck, Holding, Maher and Morris [8, 9] reported anomalous
measures (larger values than expected) of the gravity accel-
eration in deep mines and boreholes. In [10] Frank Stacey
writes: “Modern geophysical measurements indicate a 1%
difference between values at 10 cm and 1 km (depth). If con-
firmed, this observation will open up a new range of physics”.

Anomalies have been discovered also under conditions of
microgravity — in drop towers, abroad the NASA Space Shut-
tle and the ISS. Whenever an object is in free fall the condi-
tion of microgravity comes about. Microgravity significantly
alters many processes — the behavior of liquids [11], plasma
and granular materials [12, 13] as well, and there is no com-
plete explanation for all the discovered phenomena yet.

Studies [14] of plant growth under different gravity con-
ditions show that elongation growth is stimulated under mi-
crogravity conditions. Elongation growth is suppressed with
increasing gravitational acceleration and varies in proportion
to the logarithm of the magnitude of gravitational accelera-
tion in the range from microgravity to hypergravity.

Already in 2010, Erik Verlinde [15] proposed an alterna-
tive explanation of gravitation as an entropic force caused by
changes in the information associated with the positions of
material bodies. An entropic force is thought as an effective
macroscopic force that originates in a system with many de-
grees of freedom by the statistical tendency to increase its en-
tropy. The term ‘entropic force’ was introduced by Bechinger
and Griinberg [16] when they did demonstrate that in systems
of particles of different sizes, entropy differences can cause
forces of attraction between the largest particles. However,
entropic models of gravitation [17] are still in development
and under discussion [18].

It is remarkable that similar dynamics of plant growth ob-
served in laboratory [19] and field experiments [20] are also
known as the ‘pyramid effect’: Inside pyramidal construc-
tions made of various materials, germination and elongation
growth of plants are accelerated.

The diversity of sizes and materials (glass, plastic, wood,
stone, metal) applied in the pyramidal constructions makes
difficult to define the cause of the observed growth stimula-
tion. At the same time, even this diversity supports the suspi-
cion that the ‘pyramid effect’ could be caused by reduction of
gravitation — as it is the most universal physical interaction.

To verify this hypothesis, we have designed an experi-
mental setup that models the free fall of solid particles inside
containers of various sizes, shapes and materials. The exper-
imental design is based on global scaling [21] and considers
Kosyrev’s [22] temporal studies.
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Methods

In [23] we have introduced a fractal model of matter as sta-
ble eigenstates in chain systems of harmonic quantum oscilla-
tors and could show the evidence of this model for all known
hadrons, mesons, leptons and bosons as well. On this back-
ground, atoms and molecules emerge as eigenstates of stabil-
ity in fractal chain systems of harmonically oscillating pro-
tons and electrons. Andreas Ries [24] demonstrated that this
model allows for the prediction of the most abundant isotope
of a given chemical element.

In [25] we have shown that the set of stable eigenstates in
chain systems of harmonic quantum oscillators is fractal and
can be described by finite continued fractions:

Fix = In(wj/woe) = [njosnji,np, ..., njl

where wj; is the set of angular eigenfrequencies and wy is
the fundamental frequency of the set. The denominators are
integer: njo,nji,nj,...,nj €Z, the cardinality j€N of the
set and the number k € N of layers are finite. In the canonical
form, all numerators equal 1.

Any finite continued fraction represents a rational num-
ber [26]. Therefore, the ratios wj/wgo of eigenfrequencies
are always irrational, because for rational exponents the nat-
ural exponential function is transcendental [27].

This circumstance provides for lasting stability of those
eigenstates of a chain system of harmonic oscillators because
it prevents resonance interaction [28, 29] between the ele-
ments of the system. In [30,31] we have applied our model
as criterion of stability in engineering.

The distribution density of stable eigenstates reaches local
maxima near reciprocal integers +1/2,+1/3,+1/4,... that
are the subattractor points in the fractal set ¥ of natural log-
arithms (fig. 1). Integer logarithms 0, +1,+2,... represent
the most stable eigenstates (main attractors).
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Fig. 1: The distribution of stable eigenvalues of Fj for k=1 (above)
and for k =2 (below) in the range -1 < Fj < 1.

In the case of harmonic quantum oscillators, the continued
fractions Fj; define not only fractal sets of natural angular
frequencies wj, angular accelerations aj; =c-wj, oscilla-
tion periods 7 =1/wj and wavelengths A =c/wj; of the
chain system, but also fractal sets of energies E 3 =7 - w j; and
masses mj =E;/c*> which correspond with the eigenstates
of the system. For this reason, we call the continued fraction
Fir the ‘Fundamental Fractal’ of stable eigenstates in chain
systems of harmonic quantum oscillators.

The spatio-temporal projection of the Fundamental Frac-
tal Fj of stable eigenstates is a fractal scalar field of tran-
scendental attractors, the Fundamental Field.
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The connection between the spatial and temporal projec-
tions of the Fundamental Fractal is given by the speed of light
¢ = 299792458 m/s. The constancy of ¢ makes both projec-
tions isomorphic, so that there is no arithmetic or geometric
difference. Only the units of measurement are different.

Fig. 2: The equipotential surfaces of the Fundamental Field in the
linear 2D-projection for k = 1.

Figure 2 shows the linear 2D-projection exp () of the
first layer of the Fundamental Field for F;; = njo + 1/n;; in
the interval —1 < ¥;; < 1. Figure 1 shows the same interval
in the logarithmic representation.

At each layer k, the potential energy of the Fundamental
Field is constant, therefore the layers are equipotential sur-
faces. The potential difference defines a gradient, a vector
directed to the center of the field that causes a central force of
attraction. However, the gradient exposes the logarithmically
hyperbolic fractal metric of the Fundamental Field.

The Fundamental Field does not propagate, it is omni-
present. As spatio-temporal projection of the Fundamental
Fractal, it is an inherent feature of the number continuum and
it causes the fractality of the model space-time.

In physics, only field distortions (waves or currents), not
the fields themselves have propagation speeds. In astronomic
calculations, gravitation is traditionally considered as being
instantaneous. First Laplace [32] demonstrated that gravi-
tation as field does not propagate with the speed of light c.
Modern estimations [33] confirm a lower limit of 2 - 10'% ¢.

The Fundamental Field is of pure mathematical origin,
and there is no particular physical mechanism required as
field source. It is all about numbers as ratios of physical
quantities which inhibit destabilizing resonance. In this way,
the Fundamental Field concerns all repetitive processes which
share at least one characteristic — the frequency.

Therefore, we assume the universality and unity of the
Fundamental Field. It might signify that everything in the
universe is part of one giant oscillating chain system. This
hypothesis we have called ‘global scaling’ and it is the basis
of interscalar cosmology [34].
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In fact, scale relations in particle physics [23,35,36] and
nuclear physics [24, 37, 38], astrophysics [39, 40] and bio-
physics [41,42] follow always the same Fundamental Fractal
calibrated on the proton and electron, without any additional
or particular settings. The proton-to-electron mass ratio itself
is caused by the Fundamental Fractal [34].

Planetary and lunar orbits [43] correspond with equipo-
tential surfaces of the Fundamental Field, as well as the met-
ric characteristics of stratification layers in planetary atmo-
spheres [44] and lithospheres [21]. Surface gravity accelera-
tions [45] of the planets in the solar system correspond with
attractors of stability in chain systems of oscillating protons
and electrons. From this point of view, the metric character-
istics of stable structures origin always from the same Funda-
mental Fractal and different only in scale. Because of its nu-
merical origin, we assume that the Fundamental Field affects
any type of physical interaction, regardless of its complexity.

Based on this assumption, we have designed an experi-
mental setup that models the free fall of solid particles inside
a container whose boundaries coincide with equipotential sur-
faces of the Fundamental Field exp (Fj). The experimen-
tal setup consists of a vacuum hourglass (sand clock) and a
closed container. The duration of the hourglass was measured
inside and outside the container in alternating sequence.

Three different in size, material and duration (40 s, 8 min,
60 min) hourglasses and 18 different in shape (cubic, tetra-
hedral, octahedral), size (0.3 — 0.6 m diameter) and material
(carton, acrylic glass, metal) containers were used.

Based on relevant studies [46], we conducted mechani-
cal tests of the utilized hourglasses and could make sure that
inclination below 5 degrees, rotation below 5 Hz and micro-
vibration (vertical and horizontal) below 10 Hz do not in-
crease the average fluctuation level (0.2 %) of the duration
of the hourglasses.

The accuracy of the vertical was controlled by two or-
thogonal spirit levels. The complete setup was placed in an
electromagnetic shielding chamber. During the measurement,
the hourglass had direct contact to an aluminum plate for con-
duction of eventual electrostatic charge.

The environment control included electromagnetic fields
in the frequency range of 1 Hz to 5 GHz, air temperature,
pressure and humidity, micro-seismic activity. The experi-
ments were conducted in different places, but always far from
the city electrification net.

Results

In general, the measured deviations of the hourglass dura-
tions inside containers of different material, shape and size
in comparison with the durations outside them did not exceed
the average fluctuation level of the duration of the used hour-
glass. However, a stable significant deviation in the hourglass
duration was measured with the 8-minute vacuum hourglass
inside a closed truncated octahedron (fig. 3) made of 1/16 alu-
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minum sheet. The ‘sand’ of this hourglass consists of glass
beads of ca. 50 um diameter.

NS/

Fig. 3: The duration of the 8-minute hourglass was measured inside
and outside the truncated octahedron in alternating sequence.

The truncated octahedron one can imagine as a square pyra-
mid plus an inversed square frustum (fig. 3). The length of
the edges of the pyramid coincides with the radius of the main
equipotential surface ¥ (35) of proton stability:

F(35) = Aproton - €Xp(35) = 33 cm

Considering the height r = 33 cm - V2/2 = 23 cm of the
pyramid, the orifice of the hourglass was placed in a distance
from the vertices of the pyramid that equals to the radius of
the main equipotential surface 7 (27) of electron stability:

F(27) = Aclectron * €Xp(27) = 21 cm

The height 7.5 cm of the frustum coincides with the radius of
the main equipotential surface ¥ (26) of electron stability:

F(26) = A clectron * eXp(26) =75cm

Furthermore, at 6 minutes after start, the continuing process
of free fall passes the main temporal attractor 7 (54) of elec-
tron stability:

F(54) = T clectron - €Xp(54) = 6 min

The Compton angular wavelength of the electron is Agjectron =
3.86159310713 m, of the proton Aproton = 2, 1030891071 m,
and the angular oscillation period of the electron is Tejectron =
Aelectron/c = 1.2880891072! s [47].

Probably, all these coincidences together caused an accu-
mulated effect of damping the acceleration of free fall. Fur-
thermore, we suppose that potential differences between equi-
potential surfaces of the Fundamental Field can change the
entropy of the involved processes.

In series of crystallization experiments, we observed that
inside the same truncated octahedron, sodium chloride crys-
tals grow in salt solutions with concentrations far below the
saturated concentration and develop octahedral shapes like di-
amonds instead of cubic.

The most widely accepted law that predicts the flowrate of
mono-sized grains through an orifice and its dependence on
different parameters was proposed by Beverloo, Leniger and
van de Velde [48,49]. They have shown that under otherwise
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Measured Duration (s) of the 8-min Hourglass
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Fig. 4: Time series of the alternating measurements of the hourglass
duration (s) inside the truncated octahedron (pyramid) and outside.

constant conditions k, the mass flowrate W is proportional to
the square root of the gravity acceleration g:

W = kg

This equation coincides with Torricelli’s law for the speed of
fluid flowing out of an orifice and allows for estimation of the
equivalent gravity reduction Ag that corresponds to the ratio
of the measured durations inside and outside the octahedron:

Ag =g ([outside )2 —g

Tinside

Table 1 contains representative samples of the durations mea-
sured inside and outside the truncated octahedron and the cal-
culated corresponding equivalent gravity reduction in units of
g. Fig. 1 shows time series of the alternating measurements.

series out,s | inside,s | inside/out-1, % Ag
1 474 481 1.48 -0.283

2 472 481 1.91 -0.364

3 472 480 1.69 -0.324

4 472 479 1.48 -0.285

5 472 480 1.69 -0.324

6 473 480 1.48 -0.284

7 474 481 1.48 -0.283

8 473 479 1.27 -0.244

9 472 480 1.69 -0.324

10 474 481 1.48 -0.283
average | 473+ 1 | 4801 1.57 -0.300

Table 1: The measured duration (s) of the 8-minute hourglass inside
the truncated octahedron and outside, the relative deviation and the
equivalent gravity reduction in units of g.

Over all series of the total 255 hours of measurements, the
fluctuation level of the hourglass durations inside and outside
the truncated octahedron did not exceed 0.2 %. The relative
difference of the durations inside and outside the octahedron
did not fall below 1.2%. The average relative difference was
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1.67% that corresponds to an equivalent gravity reduction of
-0.324 g inside the octahedron. Outside the octahedron, this
amount of gravity reduction would correspond to an altitude
of 100 km over sea level.

Only inside the described truncated octahedral container
we observed a stable significant deviation in the duration of
the hourglass, regardless of the location and time. In contain-
ers of different shape and size, even made of the same 1/16
aluminum sheet, the measured deviations did not exceed the
average fluctuation level of the hourglass duration.

Currently we have no explanation for the extraordinari-
ness of the octahedral (pyramidal) shape. However, in Fins-
lerian multi-dimensional time models, the pseudo-Euclidean
light cone becomes a light pyramid [50].

Conclusion

We are aware that our experiments cannot claim to be con-
clusive. However, they could point out that gravity is not just
about the amount of the involved masses and energies. It may
well be that ‘subtle’ factors like the spatial configuration of
the system and its scale have higher influence than expected.
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