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Elcaywyn

H mapoloa epyaocia ekmovibnke ota mMAaiola TnNg MTUXLAKNAG €pyaciog tng doltntplag BaoAkng-
NwoAlag Ahe€iou. H epyaocia ekmovAOnke oUWV LE TOV KAVOVIOUO TNG OXOANG TEPL TTTUXLAKAG
gepyaciog Kal amoteAeital apXlKd amd TO TMPWTOTUTIO KELWEVO OTNV ayyAlkl YAwooo Kal To
uetadpaopa otnv eAAnVIKn yAwooa. Emetta akoAouBel n KELUEVIKA aAVAAUCN TOU TTPWTOTUTIOU KOl
TOU UETOPPACUOTOC, EMETAL O OXOALACUOG TNG LETADPAOTIKAG SLadLlkaoiog Kal Twv HETADPAOTIKWY
TPOBANUATWY TIOU EVIOTIOTNKAV KOL OVAAUETAL O TPOTIOG OVTIUETWIILONG TOUG. TEAOG, mapatiBevratl
n oxetkn BLBAoypadia, lotoypadia kot Ta mapdAAnAa Keipeva, o xpnotponofnkayv, kabwg Kat
TO YAWOOoApL Opwv.

To MPWTOTUTO KELUEVO, TTIOU aKOAOUBEL, €lval éval €MLOTNUOVIKO KELUEVO KOl CUYKEKPLUEVA WLaL
€peuva oto nedio tng puoikng koopoAoyiag pe titho, «Dark Matter: The Source of Space and Time»,
n omola SNUOCLEVONKE OTO EMLOTNUOVIKO TIEPLOSLKO cUyxpovng dpuoikng (Journal of Modern Physics)
oTIG 26 Maiou Tou 2016. To Keipevo mpaypateUeTaL pia Bswpia mou unootnpilel 0TL 0 alBépag sival
N oKoTewvn VAN Kal TapouoLalel €va HovtENo, e BAaon To omolo yivetal pa mpoomnadela kaboplopou
™¢ UANG autAG. Omwc Aowmdv yivetal avTAnmto Kal amno to B€ua, n €épeuva aneuBuvetal o Eva
OUVKEKPLUEVO ETILOTNHOVIKO KOO Kol eV ammoTeAel €va KEPEVO YeVIKOU evlladEPovTog Kabwg
UTIAPXEL TIOAU e€elSIKeUEVN opoloyia Kal €vvoleg TTou Sev yivovTal eUKOAO KOTAVONTEG O TOUG
amAol¢ avayvwoteg. O cuvtaking eivat o epeuvntrg Keith G. Lyon, o omolog katayetal ano tnv
ALEPLKI KOL ETIOUEVWG EXEL WG UNTPLKA YAwaoa TNV AyyALkn.
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Abstract

A simple assumption for dark matter leads to magnetic-monopole-like terms to Maxwell’s
Equations, a photon model with wave-particle duality, nuclear stability, a decelerating expansion
of the universe, and a dark-matter relativity that defines the origin of space and time.
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1. Introduction

A century ago, the physics community discarded the theory of an ether being responsible for light
propagation. This paper reopens the debate with a specific model for the ether where the ether is
the dark matter. The theory specifically assumes that a particle of dark matter has a very small

mass, a magnetic charge, and is distributed throughout the universe.
Dark matter is needed to explain the motions of galaxies and is believed to constitute a large
fraction of the

mass of the universe. A dark-matter particle has never been detected and the only fact known is
that it has mass. Several theories have been suggested to define dark matter and this paper adds
one more to the list.

The basis of electricity and magnetism is that a charge produces an electric field and a moving
charge produces a magnetic field. The theory presented here assumes an additional step, the
addition of a magnetic charge, specifically that an electric charge produces an electric field, a moving
electric charge moves a magnetic charge, and a moving magnetic charge produces a magnetic field.
An immediate observation is that in a sea of magnetic charges, a wave would produce an oscillating
magnetic field. From Faraday’s Law, an oscillating magnetic field produces an orthogonal oscillating
electric field. These two fields resemble the fundamental nature of a photon. With the additional
assumption that dark matter is spread throughout the universe, several physical phenomena have
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more intuitive explanations.
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2. Theory

The theory is very simple and assumes that magnetic fields are proportional to the magnetic
charge velocity. Thus magnetic charge is undetectable at rest and its motion is detected as a
magnetic field, which also explains why dark matter has never been detected in particle collisions
since any dark matter generated would blend into the magnetic fields present in particle
accelerators. Specifically, the magnetic field B(r) is given by:

Blz) = b@

‘ (1)
(1)where v(r) is the velocity of the magnetic charge at location r, c is the speed of light at that
location, and b is magnetic charge (in units of magnetic field). (The addition of c is introduced to
avoid creating another unit for magnetic charge.) A key observation about b is that its value must
be small for dark matter, otherwise magnetic fields would be observed by relative motion through
dark matter.
All of the known physics associated with electricity and magnetism remains unchanged. However,
the creation and annihilation of magnetic charge (dark matter) requires additional terms to be
added to Maxwell’s Equations. As magnetic charge (dark matter) flows into a location where it will
be annihilated, magnetic fields that flow into that location are generated and would resemble a
“magnetic monopole.” Likewise, when magnetic charge (dark matter) is created, magnetic field lines
would flow out of that location as this magnetic charge exits. Hence, Maxwell’s Equations would
need to be modified for the so-called “magnetic monopole” but the “magnetic monopole” is not a
particle but a location where annihilation and creation of magnetic charge (dark matter) occurs.

3.Photon

The most obvious ramification of this theory is that a simple vibration being transmitted through
dark matter would produce an oscillating magnetic field, and from Faraday’s Law an oscillating
orthogonal electric field. These fields have the same fundamental characteristics of a photon.
Developing a model for the photon is possible, in fact many models can be hypothesized. Any
model can be used to calculate the energy in the magnetic and electric fields and compare this
energy to the known energy of a photon, hf. In addition, any plausible model would need to exhibit
the well-known particle-wave duality of the photon.

Several models were considered starting with a simple string of vibrating dark matter. In the case of
the single string, either b was too large or the maximum velocity of dark matter exceeded the speed
of light by several orders of magnitude. To obtain a model that had reasonable values for magnetic
charge and dark-matter velocities well below the speed of light, the photon needed to be rather
large compared to the wavelength. This is actually good in that it is consistent with diffraction from
a dual slit when the slits are widely separated.

The model assumed here is based on a single string of dark matter at its center that as it vibrates it
affects its nearest neighbors which in turn affects its nearest neighbors, etc. This center string has
the largest vibration amplitude and the amplitudes of its neighbors are smaller the further away
they are. The displacement and velocity for a simple harmonic oscillator are given by Asin(wt) and
Awcos(wt), where w = 2mif. Assuming that amplitudes are Gaussian in all three directions, leads to
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the following equation for the displacement of dark matter, d, from its initial static location, (x, y,
z), at an instant in time with the center of the photon at the origin:
. (-2/a2a) (-3*/a2a?) (-2/c2al)
d(x.y.z) = 4, sin(kx)e Cr i e '
(2)
where AQ is the peak displacement at the center of the photon, k is the wavenumber (2r/A), oj
y
is the standard deviation in the i direction, and A is the wavelength. gj is a unitless number since
the size of the photon should logically scale with wavelength. This equation assumes the photon
propagation is in the x direction and the x-y plane is the vibration plane, i.e., d is in the +y direction.
The velocity of the dark-matter particle, v, is then given by:
—x:'."'.crzz"_zl (—y2 .-"la'}./'.z. —:2.."{::?5_:'

v(x,y.2)= Aoznfcos(kx]e[- o "el' Siaa ANk

The energy in a magnetic field, EB, in cgs units [1] is:

1
E, :aijHdV.

(3)

(4)

Since the total electromagnetic energy of the photon is twice the magnetic field energy:

1
E, .=—|B-HdV.
B+E 41'['[

(5)
Substituting the equation for velocity, Equation (3), into the equation for the magnetic field,
Equation (1), using B = uH and solving the integral provides the following relationship for the model

parameters:

E, .= l\/iztz;zbzA;O'xcrrcrzl
4\2 : 6)

This result indicates that the electromagnetic energy of the photon is proportional to A, not f as
expected. Thus the model would seem to be in error, however, there is also kinetic energy that is
not included in this calculation. In addition, the electromagnetic energy increases as wavelength
increases (or frequency decreases), the opposite of the known properties of the photon.

If the electromagnetic energy is small compared to the kinetic energy, then the kinetic energy of
the photon is just like the energy of the phonon and explains why both vibrations obey the same
equations for energy, momentum, and speed.

Estimates of the model parameters can give some insight into the photon energy as a function
of frequency. The magnetic charge, b, must be small enough that common motions through dark
matter would not be detected as a change in the background field. The fastest velocities where
magnetic fields are measured are on some low-Earth-orbit satellites where the detected

magnetic field is used to determine attitude. Assuming an orbital velocity of 6.3 x 10° cm-s~1 and

a maximum magnetic field that would not disrupt the attitude calculation of 0.01 gauss, yields b <
500 gauss. AQ2nif is the peak velocity of a dark-matter particle at the center of the photon model.
If the maximum velocity is assumed to be less than ¢/100 for the highest energy photon (100 TeV),

then Ap <2 x 10721 ¢m. The size of the photon needs to be large enough to explain diffraction
through a dual slit. Dual slits with separation of 1000\ and many diffraction peaks have been

observed, leading to estimates for the ¢’s on the order of 103 orthogonal to the propagation
direction and possibly 102 in the propagation direction; leading to oxoyoz being on the order of

108. Inserting these estimates and equating the electromagnetic energy to hf yields the point
where the electromagnetic energy would equal the traditional value for the photon. The result is A



=8x10° cm (37 kHz); at wavelengths larger than this, the electromagnetic energy dominates the
photon energy and at wavelengths less than this, the kinetic energy dominates. The estimates for
b and AQ are both upper bounds, so it is quite possible that this effect occurs at much larger
wavelengths; but these estimates indicate that the effect might be detected in the very low
frequency (VLF) band.

The photon is an obvious quantum state. Consider the creation of a photon from the electron

transition in an atom. The atom is about 10~ cm in size, yet creates photons many orders of
magnitude larger. If the creation and collapse are mirror images of each other, then the photon
starts as a point and ends as a point, yielding the particle-like nature of the photon. Hence, the
photon has the properties of a wave until its collapse, when its energy and momentum converge
at a point and appear like a particle.

Overall, this analysis indicates that the photon:

e |s considerably larger than the wavelength,

e |sthe same as a phonon, but is a vibration in dark matter instead of normal matter,

¢ Has an electromagnetic energy that is negligible, except at very long wavelengths, and

¢ s a quantum state whose creation and collapse provide the particle-like characteristics, while
the steady state provides the wave-like characteristics.

4. Dark-Matter Properties

The dark-matter particle density can be estimated from the highest energy gamma rays. At the
highest possible energy, the wavelength would equal twice the spacing between dark-matter
particles. To date the largest gamma ray detected is about 100 TeV. (There is no reason to believe
that this is the maximum but it can be used to calculate an upper bound for the mass of a dark-
matter particle.) This implies an upper limit on the spacing be- tween dark-matter particles is

about 6.2 x 10719 cm, which is significantly smaller than a nucleus, and a dark-matter particle

density greater than 4.2 x 10°% cm™3. If a dark-matter density of 2.3 x 10730 g-cm_3 is
assumed, then the upper bound on the mass of a dark-matter particle is about 5.5 x 10785 g.
These are extraordinary numbers! Even the annihilation of a dark-matter particle is too small to
be detectable and the creation of a dark-matter particle requires so little energy that they could
be abundantly created and not be noticed (even in normal chemical processes). These values for
dark-matter properties helps to understand why a dark-matter particle may be so impossible to
detect individually and why they could be perceived as a field since only their aggregate properties
can be detected and measured.

These properties may also indicate why magnetic charge has not been detected on other
particles. The dark- matter density is thirty—some orders of magnitude greater than Avogadro’s
number and no other particles are available in the same quantities as dark matter.

5. Speed of Light

The properties of photons can be if;frred by analogy to phonons. The speed of a phonon, the
speed of sound, is proportional to T/ “ in an ideal gas. Assuming the universe, and specifically the
dark matter, is expanding adiabatically Ii(<e an ideal gas [2]:

1=VI7v = constant (7)
where p is pressure, T is temperature, and y = 5/3 for a monatomic gas. The Ideal Gas Law, pV =
nRT, leads to p being proportionil 50 pT, where p is the dark-matter density. Substituting pT into
the adiabatic equation leads to p / being proportional tg}' . Thus, if the dark matter is similar
to an ideal gas, the velocity of light is proportional to p 3, Therefore, as the universe expands
and the dark-matter density decreases, the velocity of light should decrease. This would be an
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explanation for why the fine structure constant may have been smaller in the past as others have
suggested.

There is also the possibility that the dark-matter density is not constant throughout the universe
since we know that it is affected by gravity. The density of dark matter would logically be higher
at the center of the universe and decrease to the edge of the universe. The dark-matter density
would also be logically higher near massive objects than further away. In each of these situations
a faster speed of light would occur where the dark matter is denser and slower where the dark
matter is less dense. (Maybe this density variation is enough to ex- plain the Pioneer anomaly as
the speed of light may be slightly higher near the Sun and slightly lower at further distances from
the Sun.) This will have a significant effect on the calculations for the size and age of the universe.

From the analysis above, the speed of light can be given by:

czcos\ip/loa' (8)

Here co is the speed of light at a reference point, p is the dark-matter density, and po is the dark-
matter density at the same reference point. For this paper, the reference point is here at Earth.

6. Special Relativity
Einstein’s Theory of Special Relativity is based on the speed of light being the same for all
observers, and that the laws of physics are the same for observers that are traveling at a constant
velocity with respect to each other. In contrast, this dark-matter theory basically says that the
speed of light is defined by the dark-matter density and is relative to the dark matter, but this
theory can be shown to be consistent with the derivation of the Special Theory of Relativity.
Consider a classical derivation where the rest frame is the dark-matter rest frame. Assume an
apparatus where a photon is transmitted to a mirror a distance d away and reflected back to a
receiver that is coexistent with the transmitter. The time of flight for the photon is thus 2d/c when
it is at rest. Now, move the apparatus with a velocity, v, in a direction orthogonal to its optical path.
If the experiment is repeated while the apparatus is moving, the observer in the dark-matter
reference frame sees that path length increased because of the relative motion. Specifically, the

12 ) . .
dark-matter observer sees a path length of 2(d2 +v2t2 |, where tis the time it takes to arrive
at the mirror. An observer moving with the apparatus will see a path length of 2d. Dividing both

path lengths by c yields the time of flight in each frame of reference. Solving for t in the dark-

12
2 ) . Assuming c is the same for both

12
2.2

matter frame yields a time of flight of 4d? c2(1— vZc

observers, leads to the standard expression for time dilationt =t" (1-v , Where t’ is the
time for the observer in motion. There is nothing new here other than the derivation specifically
assumed a dark-matter sea for the observer at rest and the photon travelling at c in this frame.

If the speed of light for the moving observer had not been assumed to be the same, then the
logical value to assume would have been the speed of light that the observer at rest would have

calculated for the moving reference frame, namely c(1- v2c? )1/2which is the projection of the
speed of light normal to the velocity. However, substituting that into various equations for physical
phenomena would yield results that are in conflict with themselves. The only value for the speed
of light that leads to the laws of physics remaining the same in both reference frames is c. Hence,
the assumption that the speed of light is the same for all observers is unnecessary. Accordingly,
the assumption that the laws of physics are invariant, is sufficient and a consequence is that the

observed speed of light is the same for all reference frames.

10



7. Dark-Matter Relativity

Dark matter has a similarity with special relativity in that the speed of light would appear to be
different from other reference frames. As the dark-matter density changes, a logical position would
be that the laws of physics do not change, just as Einstein postulated for special relativity. After
all, as the universe expands, the density would logically decrease, and from an external observer,
the velocity of light would also logically decrease. A decrease in the velocity of light has not been
noted in our reference frame but that may be due to a density variation that is not detectable.
Plus, if mass is assumed constant, then the speed of light would need to remain the same to keep
the rest mass energy the same. (If the mass were assumed to change with density, there are
inconsistent results for length and time variations when considering momentum and kinetic
energy.) Thus, Einstein’s original assertion that the speed of light is the same for all observers is
valid for variations in dark-matter density. Since the energy and momentum of a photon should be
the same as the dark-matter density changes, then the wavelength and frequency are the same.

Consider a box with a dark-matter density of p inside the box and po outside. Thus, to an outside
observer the speed of light inside the box is co (p / po)/3. Consider a photon of wavelength,
transmitted parallel to the length of the box. As the photon enters the box its leading edge’s speed
changes while its trailing edge is unchanged until it is also inside the box. The result is that the
photon wavelength as seen from outside the box becomes. Since the wavelength as seen by an
inside observer must be A o, the resulting length variation inside, |, relative to outside, | 0, is given
by:

— 3
I=13p/p, ()

Thus the length of an object appears to be proportional to the cube root of the dark-matter
density.

Similarly, the photon period is proportional to wavelength, thus the period is also proportional to
the cube root of the dark-matter density. Hence, the time inside the box, t, relative to outside the

box, to, is given by:
t:tu}\llp/po' (10)

With both length and time proportional to the cube root of the dark-matter density, velocity is
the same to observers both inside and outside the box. Thus, a particle entering the box has the
same momentum and kinetic energy observed inside the box as observed outside.

The ramifications are that an observer will not detect changes in the dark-matter density in its
surroundings. Observers can sense changes in the speed of light in other reference frames but not
in their own. In the limit when dark-matter density goes to zero, dimensions go to zero and time
stops; dark matter not only de- fines the speed of light but it also defines space and time.
Without dark matter, space and time would not exist as we know them. At lower densities, objects
are smaller and time moves slower. At higher densities, objects are larger and time moves quicker.
At the moment after the big bang, the speed of light would have been almost singular and time
would have passed in an instant—this, of course, being observed from our or a similar reference
frame. Many physical phenomena have been theorized to have occurred in ridiculously short
periods of time after the big bang and this may explain why they appear that way from our
reference frame.

8. Nuclear Stability

The assumptions presented here for dark matter have effects beyond astrophysics and the
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success of any theory depends on its validity in all situations. There is one naturally occurring
situation where dark matter may be ab- sent, specifically in the nucleus of an atom where the
nucleons are tightly compressed together. The coulombic force is transmitted by virtual photons
and virtual photons need the same medium as real photons, then if there is no dark matter, there
is no coulombic force. If the nucleons are so tightly packed that dark matter is absent in the nucleus,
then this theory provides a fundamental explanation for why the protons do not repel each other
in the nucleus—in effect, the coulombic force is turned off.

One can also imagine the surface of large nuclei as being rougher than that of smaller nuclei
and rough enough that dark matter could exist between protons protruding above the surface.
This would enable the coulombic force to be transmitted between these protons to generate a
force (an instability) and expel some protons or alpha particles. This might explain the limit in
naturally occurring nuclei and why some isotopes are unstable.

The absence of dark matter also stops time. This can explain why neutrons in the nucleus are

stable.

9. Expansion Rate of the Universe

If the density of dark matter is largest near large masses, then it is logical that the spaces between

large masses, i.e., intergalactic space, would have lower dark-matter densities and a lower speed

of light. Tangherlini [3] has calculated using several methods that an index of refraction of
intergalactic space of 1.46 - 1.53 can explain the apparent accelerating universe. Since a value
greater than one for the index of refraction slows the velocity of light, a similar value for the

speed of light can be calculated from a lower density of dark matter. Assuming a value of 1.46

for the index of refraction leads to the same velocity of light if the dark-matter density in

intergalactic space were 32% of the dark-matter density at Earth, a very reasonable value. Hence,
this theory supports a more logical conclusion that the universe is deceleratingin size.

10. Blackbody Radiation

Classically, blackbody radiation has been the transformation of a phonon into a photon, i.e., a
transformation of vibrational energy into an electromagnetic wave/particle. To date, how a simple
vibration (thermal energy) is turned into an electromagnetic wave/particle seemed to be a
complicated task to occur naturally at a boundary. However, it is easy to picture a vibration of
matter being transferred to a vibration of dark matter; especially since the dark matter fills the
spaces between particles of ordinary matter in a solid and both particles/waves have the same
energy and frequency, but not the same speed or wavelength. Thus, a photon is emitted with the
energy and momentum of the phonon, and the electromagnetic properties are a result of the
vibration of the dark-matter’s magnetic charge.

11. Superconductivity

A very interesting property of superconductors is their expulsion of magnetic fields. The theory
addressed in this paper would interpret this as the inability to have a dark-matter current in a
superconductor. Hence, inside the superconductor, the dark matter is bound in some state that
allows virtual photons to flow while preventing dark-matter currents; this possibly reveals some
form of a bound state for dark matter.

While this is very interesting theoretically, the most exciting part may be the ability to produce
volumes of space with varying dark-matter densities possibly even producing a dark-matter
vacuum. Consider a hollow superconducting tube, where currents are induced in each end, such
that the magnetic field lines are going out of both ends. This would expel dark matter from inside
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the tube through each end and reduce the dark-matter density inside the tube. The effect would
prevent the flow of light through the tube if all of the dark matter were expelled. (If it is only
partially expelled, the speed of light would be reduced.) As discussed under the Nuclear Stability
section, a dark-matter vacuum would prohibit the transmission of virtual photons and the
coulomb force would be turned off. Thus, atoms in this dark-matter vacuum would become a
plasma because the electrons are no longer bound to their nuclei.

12. Nuclear Fusion

An even more exciting possibility would happen if this dark-matter vacuum could be generated (or
even partially generated). A dark-matter vacuum would create a perfect space for nuclear fusion
to occur, since much less energy would be required to overcome the coulomb repulsion between
nuclei. It may also help to explain fusion in the sun, if the dark-matter density is considerably
reduced or absent at the sun’s center.

13. Tachyons

The combination of relativistic particles and variable dark-matter densities provides a possible
opportunity to create a tachyon. Suppose you have a box where the dark-matter density is lower
than outside of the box. A relativistic particle can be generated outside of the box with a velocity
that is greater than the speed of light inside the box. If the particle is injected into the box, an
observer outside the box would think that the particle inside the box is travelling faster than the
light. An observer inside the box would see the particle as having the same velocity as an observer
outside the box saw before it entered the box. The observer inside the box would see the particle
as having the same energy and momentum as the observer outside the box before it entered the
box. A paradox occurs in that the observer outside the box would say that the particle would
transverse the box faster than a photon, but the observer inside the box would say that the photon
transverses the box faster than the particle.

14. Multiple Universes

An interesting situation may exist with this theory. If our universe is the only one caused by our
big bang and the big bang created the dark matter, other universes may exist beyond where our
dark matter stops. If there is no dark matter connecting these universes, then there would be no
transmission of photons between them until they expand to the point where their dark-matter
seas start to overlap. Any nondark matter that exists between these universes would exist as a cold
plasma.

15. General Thoughts

Considerable effort went into trying to find a photon model where its total electromagnetic energy
was proportional to f. For a photon to have an electromagnetic energy proportional to f, its

magnetic field needs to be proportional to f2 (from Equation (5) and the assumption that a

characteristic volume is proportional to A3). If Bwere assumed to be proportional to vz, then the
energy would be proportional to f, however, the model parameters are not reasonable. Assuming
higher powers of v and an amplitude that is a function of f, can provide energies proportional to
f, but again the model parameters are not reasonable. In addition, in each of these higher power
cases, the magnetic field is not a pure sinusoid. In each of these cases, a sinusoidal vibration was
assumed. Other vibration functions can be assumed to achieve a sinusoidal field but these
functions would be illogical. As a result, the model presented in the Photon section was the
simplest with a sinusoidal vibration, leading to a sinusoidal magnetic field but an energy
proportional to A. The model choices to select the best were between: a nonsinusoidal magnetic
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field, a nonsinusoidal vibration, or an electromagnetic energy that was insignificant with respect to
the kinetic energy. The ability to show that the electromagnetic energy was insignificant to the
vibrational energy made the selected choice the most logical. The magnetic field was assumed to
be proportional to the velocity of a dark-matter particle. In reality, the field is probably at a peak
at the dark-matter particle and reduced at farther distances. However, the extraordinary density
of particles and an effective short range would indicate that the assumption used in the model is
equivalent to the sum of all fields from the nearby dark-matter particles and provides the same
result without knowing the exact function for the field from a single particle.

A simple experiment can determine if this theory, or a more complicated one, is correct. Consider
a coherent laser signal split between two fibers and a solenoid. String one of the fibers multiple
times through the solenoid, such that the light travels parallel to the solenoid’s magnetic field.
String the other fiber multiple times through the solenoid such that the light travels against the
solenoid’s magnetic field. As the solenoid is energized, the speed of light in one fiber is slowed
while the speed of light in the other is sped up due to the dark-matter cur- rents produced by the
solenoid (assuming these fields are present inside the fibers). The result should be a phase
difference between the two fibers as voltage is applied to the solenoid.

The photon model discussed here is based on a transverse wave in dark matter. Longitudinal
waves should also be possible that could communicate another force. Such a wave would have an
oscillating magnetic field in the propagation direction and, from Faraday’s Law, an electric field that
rotates around the propagation direction. Such a wave would resemble a circularly polarized
photon.

The Earth’s magnetic field looks much like a magnetic dipole field, except for the distortion due to
solar wind. If the magnetic field is a current of dark matter, the physical interaction with the
current of particles from the Sun could create the pattern observed, especially since the distortion
occurs with the weakest dark-matter cur- rents.

Sun spots may be another opportunity to observe effects of dark matter. Could the dark spots be a
result of the annihilation of dark matter or the dark matter being blown away, in either case leaving
a dark-matter vacuum preventing the transmission of photons?

Suppose we have a box where we can control the dark-matter density. If we reduce the density,
anything inside the box would age more slowly; basically the box would be a stasis chamber. If the
density were increased, then anything in the box would age quicker, making it a very useful tool in
growing replacement parts from genetic material.

16. Conclusions

A theory has been presented for dark matter that leads to dark matter appearing to be the ether
that was abandoned a century ago while providing plausible explanations for some physical

phenomenon. The theory:
e Assumes the existence of a magnetic charge on dark matter that adds symmetry to Maxwell’s
equations with the addition of magnetic-monopole-like terms,

e Leads to a model for the photon that implies its energy is largely kinetic, except at very low
energies, and that exhibits particle-wave duality,

e Explains the apparent acceleration of the universe when it is actually decelerating,

e Provides an explanation for nuclear stability, and

e Leadsto dark matter being necessary for space and time to exist.

The theory also provides insights into other phenomenon and several opportunities for major

breakthroughs in other scientific areas if the dark-matter density can be manipulated.

The debate on the existence of an ether should be reopened with the additional knowledge
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available today.
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MepiAnyn

Mua armAr) urtoBeon yla TNV UTAPEN TNG OKOTEWVNG UANG, odnyel oe 6poug mou oxetilovtal HE TO
HOYVNTLKO-HOVOTIoAO oTIG e€lowoelg Tou Maxwell, og éva poviélo pwTtoviwv mou mopouctalel to
XOPAKTNPLOTIKO TOU Kupatoowpatidlakol Suiopgou, otnv  Tupnvikn otabepdtnta, TNV
emBpaduvopevn SL0LOTOAN TOU CUMITOVTOC KOL O€ HLLOL OXETIKOTNTO TNG OKOTELVHG UANG, n omoia opilet
TNV MPOEAEUCN TOU XWPOU KAl TOU XPOVOU.

NEEeLG-KAELOLA

Ikotewvn YAn, Qwtdvio, Toxvtnta tou Owtog, MNupnvikn 2Ztabepdtnta, Xwpog, Xpovog,
Yrepaywylpuotnta, Mupnvikn Zuvtnén, Mayvntiké MovomoAo

1. Ewoaywyn

Mplv amod évav alwva, n Kowotnta tn¢ puOLKAG améPPLTE tn Bewpla ou untootiplle OTL 0 aBEpag
Atav umevBuvog yla tn dldxuon tou dwtog. To mapdv apBpo emiblwkel va Bikel Eava tn Bewpla
oUTH, TTAPOUCLAloVTOC £V CUYKEKPLUMEVO LOVTEAO, OTO OTIOLO O alB€pag sival n okotewvn UAN. H
Bewplia UTIOBETEL TWCE TO CWHATISLO OKOTELVAC UANG £XOUV TTOAU HIKp pala, LoyvnTIKO ¢opTio Kat
TIWG UTTAPXOUV 0€ OAOKANPO TO GUUTAV.

H okotelviy UAN eival amapaitntn yo tnv €€nynon Twv KIVAOEWV TwV YaAaglwyv KoL TILOTEVETAL OTL
arnoteAel €va peydAo UEPOG TNG MAlog Tou cupmavtog. Moté dev €xouv aviyveuBel cwuatidia
OKOTELWVAG UANG KOl TO HOVO TIOU €ilval yvwoto eival otL €xouv pala. Awddopeg Bewpleg €xouv
amornelpabel va kabopioouv Tn okOTeLWV UAN Kal n apovoa épsuva Ba emixelprosl akplpwg To
do.

To BaoLkO XOPAKTNPLOTIKO TOU NAEKTPLOMOU KOL TOU HayvnTlopoU ival otL éva ¢poptio dnuloupyet
€va NAektplkd medio kal €va Kivolpevo ¢optio dnuloupyel €va payvntiko medio. H Bewpia mou
napouaotaletol edw KAVEL Eva PO TTAPATTAVW KoL TTPOCBETEL Eva payvnTiko ¢optio. Mo eldika,
€va NAektplkd poptio Snuoupyet Eva nAekTpiko medio, €va KIVOUEVO NAEKTPLKO GOPTIO UETOKLVEL
£€va HayvnTiko Gpoptio Kal €va KIVOUUEVO HayvnTKO poptio dnuloupyel Eva payvnTtiko nedio. M
Aaueon mapatnpnon eivat 0tL o€ pla 6dlacoa payvntikwy doptiwy, Eva Kupa Ba dnuloupynoeL Eva
TOAQVTEUOUEVO HayvnNTKO medio. Ao to vopo tou Faraday, €vo TAAAVIEUOUEVO HAYVNTIKO Ttedio
Snuoupyeil éva opBoywvio Talavteuopevo nAekTplkd medio. Auta ta dvo media polalouv Pe TN
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Bepedlwdn puon tou dwtoviou. Av uTOBEcOUE EMIMPOOBETA, OTL N OKOTELWVH UAN e€amAwveTal o€
OAo To cUuTMay, TOTE KATola puOoLkA dalvopeva Ba €xouv To AAEG €Ny OELG.

2. Oswpia
H Bewpla elvat TOAU armAr] Kal UTTOBETEL OTL TAL LOyVNTIKA Ttedia elval avaAoya e TNV TaXUTNTO ToU
payvntikol doptiou. ETol, To payvntikd ¢optio dev avixvelETAL 0 npepia KAl n kivnon tou
QVLXVEVUETAL WG HayvnTiko medio, To omolo €nyel emiong ylati n okotewvr UAN Sev €xeL avixveuBel
TIOTE OTLG OUYKPOUOELS cwpatiSiwv. ApoU omoladnmote okotewv UAN Ba umopouoe va avopelxdel
oTa POyVvNTIKA Tedia ToU UTIAPXOUV OTOUG ETILTOXUVTEG CWHATLOlWY. JUYKEKPLUEVA, TO HAYVNTIKO
niedio B (r) Sivetal amno:

¢ (1)

ormou 1o v(r) elvat n taxutnTa Tou payvntikol poptiou otnv B€on r, To ¢ lval n TaxVTNTA TOU GWTOG
o€ auth TN B€on kat to b gival to payvntiko poptio (o povadeg payvntikou nediou). (H mpoobnikn
Tou cyivetal edw, wote va amopevxBel n dnuloupyia pag AGAANG povadag yLa to payvnTtiko ¢optio.)
Mua Baolkn mapatrpnon ywa to b ivatl OTL n TN Tou yla T OKOTELWVH UAN MPEMEL va elval HLKpn,
Slapopetikd ta payvntika nedia Ba mapoatnpouvtav Pe BAon T OXETIKN Kivnon péoa amod tn
OKOTELVH) UAN.

OAeg ol yvwotég Bewpleg mou oxetilovtal HE TOV NAEKTPLOUO KAl TO HOYVNTIOUO, TIAPAUEVOUV
apetaPAntec. Qotdoo, n Snuioupyia kat n e€adavion tou payvntikou ¢optiou (okotewvry UAN)
anattel TNV mpoodnkn enutAéov 0pwv oTig €lowoelg Tou Maxwell. KaBwg to payvntiko ¢poptio
(okotewvr) UAN) péeL mpog pLa B€on, otnv omoia teAkd Ba e€adavicBel, Snuioupyouvtal PoyvnTKA
nedla mou péouv otnv Sl Béon kat polwalouv pe €va "payvntikd povomoAo". Opoiwg, otav
Snuoupyeitat payvntiko doptio (okotewvr UAN), OLyPAUMEG TOU HayvnTKoU Ttediou e€€pxovtal anod
oautn TN B€on KaBwc To payvnTko doptio e€€pxetal. Q¢ ek TouTOoU, oL eflowoelg tou Maxwell Ba
TPETEL VA TPOTIOTIOLNBO0UV yLa TO AeyOpEVO "UayvnNTKO povoroAo”, aAlAd to "payvnTiko povormoAo”
Oev eival éva cwpatidlo, aAAa pla B€on, otnv omola eéadaviletal kal dnuloupyeital payvntikod
doptio (okotewvr) UAN).

3. Quwtovio

H ouykekpluévn Bewpia umtootnpilel, OTL pia oA TaAdvtwon mou petadidetal HEow TNG OKOTEWVAG
UANG Ba pmopolos vo MAPAYEL VA TAAAVTEUOUEVO HayvnTIKO Tedio kal pe BAaon to VOUO Tou
Faraday, éva tahavteuouevo opBoywvio nAektpikd medio. Autd ta nedia €xouv ta bl BepeAlwdn
XOPOKTNPLOTLIKA LE TO GWTOVLO.

H &nuloupyila evog povtédou yla to dwtovio Sev elval aduvatn, oTtnV MPAYUATIKOTATA TTOAAG
HOVTEAQ HmmopoUV va umoteBouv. Omolodnmote HoviéAo pmopel va xpnolgomolnBel yia tov
UTTOAOYLOMO TNG EVEPYELOG OTA LAYVNTLKA KAl NAEKTPLKA TTESIO KOl TN GUYKPLOT QUTHC TNG EVEPYELOG
HE TN yVwoTn evépyela evog pwtoviou, hf. EmumAéov, onolodnmote mBavo povtélo Ba xpelalotav
VO TIOPOUCLAOEL TO XOPOKTNPLOTIKO TOU KUpAToowpatiSlakou Suicpou Tou pwTtoviou.

ZEKWVWVTOG UE HLa armAn TaAavteuopevn xopdn oKoTeWVAG UANG, Snuoupynbnkav oAAd poviéAa
dwtoviwy. ITnV MEPIMTWON TG HovAG Xopdne, elte to b Ba ntav mMoAy peyalo eite n péylotn
ToXUTNTA TNG OKOTEWVAG UANG UTTEPERALVE TNV TAXUTNTA TOU GWTOG KATA APKETEC TALELG HEYEOOUG.
Ma va SnULoUpyrRooUE Vo LOVTEAOD E AOYLKEG TLUEG VLA TLG TAXUTNTEG TOU payvNnTkoU dpoptiou Kat
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TNG OKOTELWVAG UANG, APKETA HLKPOTEPEC ATTO TNV TAXUTNTA TOU GWTOC, TO PWTOVLO ETMPETE VO ELVOL
OPKETA HEYAAO Ot oUYKPLON HUE TO HNKOG KUMATOG. AUuTO elval mpaypatikd KaAd, 8ot sival
oUUdwvo pe Tn SlabAaon and pia SUTAR OXLOUN 0TV N ULOL OXLOMN BPLOKETAL OPKETA LOKPLA OO
NV AAAn.
To povtého mou avaAvetal edw, Baoiletal og pa povr xopdn oKoTELWVNG UANG OTO KEVTIPO TOU, TIOU
kKaBw¢ doveltal, emnpealel TG MANCLECTEPES YELTOVIKEG XOPSEG TTOU E TN OELPA TOUG EMnpPealouV
TIC TTANGCLEOTEPEG, KATL. H KEVTPLKNA X0PpdH) £XELTO LEYAAUTEPO EUPOC TAAAVIWOEWY, EVW TO EUPOG TWV
YELTOVLKWV XOPSWV UELWVETOL, 00O TILO HAKPLA BplokovTal amod autrv. H HeTatomnion Kot n taxutnta
yla €vav amAo apuoviko talaviwtr divovtal amnod ta Asin (wt) kat Awcos (wt), 6mov w = 2nf. Av
UTIOBE00UE, OTL EUPOG TWV TAAAVTIWOEWV €ival CUUPWVO HE TO VOUO Tou Gauss Kol OTLG TPELG
KATEUOUVOELG, €XOUE TNV aKOAOUON eflowon yla TNV LETOTOTILON TNG OKOTEWVNC UANG, d, amo tv
QpXLKN oTaTKr) B€an TNG (X, Y, Z), OE L0 XPOVLKNA OTLY LN HLE TO KEVTPO TOU PpwTtoviou otnv npoéleuon:
d(x,y,z)= 4, sin(kx

(L 2/.2,2) (_.2/ 2,2\ (_. 2] 2,2)
| —x*/ 53/. :I | =¥ I."fcréf. | |-z7fozi”]
)e' e

(2)

omou Ap lvat n kopudaia PLETATONLON 0TO KEVTPO Tou dwtoviou, k eivat o aplOpodg kupartog (2m /
A), oi elval n Turkn anokAlon otnv katevBuvon i, kot A ival to pnkog kKUpatog. O aplBudg oi eivatl
€vag adlaotartog aplOpog dedopévou OtL To péyebocg Tou dwtoviou Ba mpémel Aoyka va gival
QVAAOYO0 TOU HAKOUG KUHATOG. Autr n e€lowon UMoBETeL OTL n Slauon Tou pwtoviou yivetal otnv
KateuBuvon x Kat To emninedo x-y eival to eninedo tahaviwong, dnA. To d eival otnv katevBuvon +
y. H taxutnta Tou owpatidiou Tng okotewvng UANG, v, Sivetal tote anod:

|:—Jc:'.."'.r_'r,:é?.2 N —3'2_..-"10_3./‘.2 | |:—52_,|"r|:53 i2)

(x.7) = Ay 20 cos(fer)e NN, 3)

H evépyela o éva payvntiko nedio, EB, o povadeg cgs [1] lvat:

E, = ijB -HAV.

8 (4)
Edooov n ouvoALkr) NAEKTPOUAYVNTLKN EVEPYELO TOU PWTOVIOU lval SUTAAOLO OO TNV EVEPYELD TOU
payvntikoL nediou:

£ - jB-HdV.
T

B+E
! (5)
Av avtikataotabein e€lowon ya tnv taxvtnta, E€lowon (3), otnv e€iowon yla to payvntiko nedio,
E€lowon (1), xpnowuomowwvtag to B = uH kot AuBel To oAokApwpa, TOTE SlveTal N MAPAKATW
OX€0N yla TLC TTOPAUETPOUG TOU LOVTEAOU:

EE+E = l\/i)‘[lﬁszluzcrxd'}_dzi.
4N2 (6)

AUTO TO amotéAeopa SeiXVeL OTL N NAEKTPOUOYVNTIKN EVEPYELA TOU PpwToViou gival avaloyn mpog
TO A, Kal OXL TtPOoG To f OMwWE NTAV aVAUEVOUEVO. EMopévwe, To povtélo daivetal va sivat Aabog,
WOTO00, UTIAPXEL KLVNTLKA eVEPyELa TIOU Sev MepAaUBAVETOL OE AUTOV TOV UTTOAOYLOUO. EmtutAéoy,
N NAEKTPOUOYVNTIKN evépyela aufavetal Kabwg aufAavetal To HUAKOC KUMATOG (A MUELWVETAL N
ouxvotnta), cuppaivel To avtiBeto anod éoa yvwpiloupe yla Tig dlotnteg Tou dwtoviou.

EGv n nAeKTpopOyVNTIKN EVEPYELA ELVAL LUKPT) OE GUYKPLON HE TNV KIVNTLKN EVEPYELQ, TOTE 1 KIVNTLKN
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EVEPYELX TOU PwTOVIOU eival 8l pe tnv evépyela Tou dwvoviou. Auto e€nyel ylatt kat ot dvo
Sovnoelg elval oUPDWVEC UE TLC LOLEC EELOWOELG YL TNV EVEPYELA, TNV OPUIN KOL TNV TaxUTNTA.

OL EKTIUNOELG TWV TIAPOUETPWY TOU HOVTEAOU UTIOPOUV VA SWOOUV KATIOLA ELKOVA YLAL TNV EVEPYELD
Twv PpwTtoviwv w¢ ouvaptnon ¢ ocuxvotntag. To payvntikd doptio, b, mpénel va eival apketd
HULKPO WOTE Ol KOWEG KLVNOELG SLAETOU TNG OKOTELWVNG UANG va NV avixvelovtal w¢ aAAayn oto
niedio urtofaBpou. Ol peyallTtepeg TaxUTNTEG, OTIOU UETPLOUVTAL T HOYVNTIKA Ttedia, amavtwvTol
oc oplopévoug 6opudOpoug XOUNANG TPOXLAG, ONMOU TO OVLXVEUUEVO MOyvnTIKO Tedio
XPNOLLOTOLELTAL VL0 TOV TIPOoSLoPLopo TS Béonc. YIoBETtoupe OTL N ToUTNTO TG TPOXLAG 6.3 x 10°
cm-s kot To péyloto payvnTiko medio, mou Sev Ba ennpedosl tov unoloywopd tng Bong, 0,01
gauss, anodidouv b <500 gauss. Ap2mtf elval n péylotn TaxuTNTA VOGS CWHATIS0U OKOTELWVAG UANG
OTO KEVTPO TOU HoVTEAOU dwToviwy. Edv umtoBEooupe WG N LEYLOTN TOXUTNTA ELVOL LIKPOTEPN ATIO
¢/100 yia to pwTtéVIo He TN peyalltepn vépyeta (100 TeV), tote Ag <2 X102t cm. To péyeBog tou
dwtoviou MpEMeL va elval apkeTd peyaio wote va e€nyel tn StabAaon péow pLag SUTANG OXLOUNAG.
‘Exouv yivel mapatnpnoel; oe OUMAEG OXLOMEG HE Slaxwplopd 1000A Kol o TOAAEG KOPUPEC
nepiBAaonc, art' TG omnoieg éxouv MPOKUPEL TIHEC VLo TOL 0 TNE TAENE Twv 103, opBoywvia tpo¢ thv
kateLBuvon Stduonc kat TBavwe 10% tpo¢ tnv KatevBuvon Sudxuonc. Mpdypo ou onuaivel, ot
T0 0x0y0; Ba gival tng ta€ng tou 108. Av cuunepiAndBolv otnv e€icwaon oL MAPATIAVW EKTIUAOELS
Kall yivel e€lowon TG NAEKTPOUAYVNTLIKAG EVEPYELAC UE TNV hf, TOTE amobidetal To onueio Omou n
NAEKTPOUAYVNTIKY eVEpyela Ba Looduvapolos pe tnv mapadootakn TN ywa 1o ¢widvio. To
anotéeopa eivat A = 8 x10° cm (37 kHz). I& pAKoGg KOMATOG MEYAAUTEPO amd autd, n
NAEKTPOUAYVNTIKY EVEPYELA KUPLAPXEL OTNV EVEPYELX TWV PWTOVIWV Kal O MAKOG KUUOTOG
HULKPOTEPO Ao QUTO, KUPLAPXEL N KLVNTIKA eVEpyeLa. OL EKTLUNOELG yla Ta b Kal Ap gival kat ta §Uo
ovwTepPA OpLa, OMOTE £lval MOAU mBavo auto to palvopevo va mapatnpenbel og MoAL peyaAutepa
UAKN KUMATOC. QOTO00, AUTEG OL EKTLUNOELG Seixvouv OTL To Ppalvopevo Umopel va aviyveuBel otn
{wvn oAU xaunAng cuxvotntag (VLF).

To pwtovio Bploketal mpodavwe o pLo KBavtikng kataotacn. A¢ okedpTtoUE Tn dnuloupyla evog
dwtoviou and tn petdBacn nAektpoviwv og éva Atopo. To Atopo éxel péyebog nepimou 1078 ek.,
OpwG dnuloupyel pwtovia pe oAU peyaAutepo péyeBog. Eav n Snuloupyia kal n Katdppeuon
ovTIKatontpilouv n pia TNV @AAn, Tote T0 PwTovio ap)ilel we onueio Kal TEAELWVEL wG onueio,
arnobidovtag t cwpatidlakn ¢uon tou pwtoviou. Emopévwg, To Pwtovio €XEL TG LOLOTNTEC EVOG
KOLOTOG LEXPL TNV KATAPPEUCN TOU, OTAV N EVEPYELO KOL N OPUN TOU CUYKALVOUV O€ £va onUelo Kal
eudavilovtal cav éva cwpatidlo.

JUVOALKQ, auTr n avaAuon Seixvel OTL To pwTOVIO:

e Elval onpavtika peyaAUTEPO ATtO TO KOG KUUATOG,

e Eival to (610 pe éva dwvovio, alAad eival pla TOAAVTWON ot OKOTELWV VAN, Ko OxtL otnv VAN,

* Exel apeAnTEéQ NAEKTPOUAYVNTLKN EVEPYELQ, EKTOG ATTO TIOAU HeyAAQ LAKN KOUATOG, KOl

e Bploketal o€ pLo KBavTIkh Katdotaon tng onoiag n dnuwoupyia Kat n Kkatdppeuon tou Sivel Ta

XOPOKTNPLOTIKA TwV CWHOTISlwy, EVW 0T oTaBepn KATACTACN MOPOUCLATEL TA XOPAKTNPLOTIKA TWV
KUUATWV.

4. 1810TNTEC TNC ZKOTEWVAG YANG

H mukvotnTa Twv cwpatidiwyv oKoTeVAG UANG UIopEl va UTTOAOYLOTEL Ao TIG AKTIVEG VAU UE TNV
vPnAotepn evépyela. Itnv uPnAotepn duvatn eVEPYELD, TO UNKOG KUpHATOG Ba gival (oo pe to
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SUTAACLO TNC aMOoTAONG UETAEY TWV oWHATIOWY OKOTEWVAG UANG. MEXpL onuepa n HeyaAUTepn
EVEPYELQ OTNV OOl £XOUV AVLXVEUTEL aKTIVEG yapua, eival mepimou 100 TeV. (Aev umapyxel Adyog
va TULOTEPOUUE OTL AUTO €lval TO HEYLOTO PEYEBOC, WOTOCO UIMOPEL va XxpnotpomolnBel yia tov
UTIOAOYLOMO €VOG QVWTOTOU Oplou OXETIKA e TN pala evog owpatidiou okotewvAg UANG.) Autd
onUaivel OTL £va AvVWTATO OPLO OTNV ATOOTAOoN UETOEY CWHATIOlWY OKOTEWVAG UANG lval mepimou
6,2 x 10 cm, n omoila eival onUAVTIKA WKPOTEPN OO TOV TUPAVA, KoL OTNV TUKvVOTNTA
owpatdiwv okotewng UANG eival peyohUtepo amd 4,2 x 10°* cm™3. Edv BswpnBel OTL UTIAP)XEL
TIUKVOTNTA OKOTELWVAG UANG 2,3 x 10730 g x cm3, tote To avwtato 6plo TN Halag evog owuatidiou
OKOTEWVAC UANG elval mtepimou 5,5 x 1078 g. Autol sivan e€apetikol aptBpoi! Akdpa kot n e€aiilwon
€VOG owpatidiou oKOTELWVNG UANG elval TTOAU pIKPH YLa va elval avixveloLun Kat n dnpoupylo evog
OWMOTLOOU OKOTELWVAG UANG amattel toon Alyn evépyela, wote Ba pmopoloavV va UTIAPXOUV O€
adBovia kat va pnv yivetat va mapatnpnBbolv (akoun Kol 0 KAVOVIKEG XNULKEC Slepyaaieg). AUTEC
Ol TIMEG yLa TIG BLOTNTEG TNG OKOTEWVNG UANG BonBolv otnv Katavonon Tou ylati to cwuatidia
OKOTELVAG UANG Umopel va eival téoo aduvarto va avixveuBouv Eexwplotd Kat yloti Ba pmopovoav
va yivouv avtiAnmrda wg nedio adou oL IBLOTNTEG ToUG UIopoUV va avixveuBoulv Kal va HetpnBouv
HOVO O OUVOALKA LEYEDN. AUTEC OL LBLOTNTEC UMOPEL ETIONC VA UTTOSELKVUOUV TO AOY0 TToU Sev €XEL
aviXveuBel payvntikd ¢poptio oe GANa cwpatidia. H mukvotnTa TG OKOTEWVAG UANG £lval mepimou
TPLAVTA TALELG peyEBoug peyaAlTepn amo Tov aplBud tou Avogadro Kal Sev umdpyxouv GAAQ
owpatidla StabEaipa otig (Bleg TOOOTNTEC LE TN OKOTELVA UAN.

5. Taxvutnta tou Qwtodg

O 1810tNTEC TWV dwToViwy pmopouv e€axBouv amod pia avaloyia pe ta pwvovia. H taxlutnta evog
dwvoviou, n TaxvTNTA TOU fXoU, eival avdAoyn pe to T2 oe éva 8avikd aéplo. Av UTIOBECOULE,
OTL TO CUMTAY, KAl ELOLKA N OKOTEWVA UAN, enekteivetal adlafatikd oav éva Ldaviko agplo [2]:

p W TV = graBepd (7)

ormou to p eival n mieon, to T eivat n Beppokpacio kat y = 5/3 yla éva LoVoaTopKO aépLo. SUudwva
HE TO VOUO TwV Wavikwy agpiwv, pV = nRT, To p eival avaioyo tou pT, 6mou p €ival n mukvotnTa
NG OKOTEWNCS UANG. Me avtikatdotacn tou pT otnv adtapatikr e€iowaon, To p'/3 Ba eivat avdAoyo
Tou T¥2,'ET0L, av ) OKOTELVH VAN €ival mopopoLa pe éva davikd aéplo, n toxUTnTa Tou dwtdg eival
avdioyn pog p¥3. Emopévwe, KoBwe To oo SLAoTEAETAL KAl N TIUKVOTNTO TNG OKOTEWVAG UANG
HELWVETAL, N ToXUTNTA Tou GWTOC Ba mpEmel va HeElwBel. Auto Ba e€nyoloe to ylati n otabepa
Aemtn ¢ UG UIopEL va ATV PLKPOTEPN oTo TtapeABOV, Omwg AAAeg Bewpleg €xouv poTeivel.

Yrndpxel emiong n mbavotnta, n mukvOTNTA TNG OKOTEWVAG UANG va Unv ivat otabepr) oe oAOKANPO
TO ouumav adou yvwpiloupe OtL emnpedletal anod t Baputnta. H MuKvOTNTA TNG OKOTEWVNC UANG
Ba ATtav AoyLKA HEYAAUTEPN OTO KEVTPO TOU GUUIOVTOG KOL ULKPOTEPN 00O ATIOUAKPUVOLOOTE OO
outo. H mukvotnta tnNG OKOTEWNG UANG Ba Ntav emiong Aoylkd HeyoAUTEPN KOVTA O HOIKA
OVTIKELJEVA QO OTL TIO HOKPLA. 2e KoBspla amd autég TIC Kataotdoelg, Oa sudaviotel pla
HeyaAUTepn TaxLTNTA PWTOG OTIOU N OKOTELVA UAN €LvalL TTUKVOTEPN KL TILO apyr, OTIOU N OKOTELVN
UAN givat Atyotepo mukvn. (lowg autr) n LeTaBoAn TNE MUKVOTNTAC Va E(vVaL ApPKETH yLo va e€nynoeL
™V avwpoAila Twv Pioneer, kaBwg n TaxutnTa Tou $wTodg pUnopet va eivat Aiyo mo vPnAn kovtd
otov ‘HAwo Kat Alyo XapunAOTEPN OE QMOCTACELG TILO MOKPLA aro Tov ‘HALo.) Auto Ba emnpedoel os
pHeyalo BaBud toug umoloylopoug yla To péyeBog kal tnv nAkkia Tou oupmavtog. Amo Tnv
mapamavw avaluon, n taxluTNTa Tou GwTtog unopel va 600¢t amnod:

c=c,3p/p,-

(8)
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ESw, co elval n taxvtnta tou dwtog o€ £va onueio avadopdg, p eival n mukvoTNTA OKOTEWVAG UANG
KOl Po EvVOL N TIUKVOTNTA OKOTELWVNG UANG oto (610 onueio avadopdg. Itnv napovoa £peuva, TO
onueio avadopag sivat edbw otn n.

6. EWSk Oewpla TG IXETIKOTNTAG

H bk Bewpla tng oxetikdTNTAG TOU Einstein Baoiletal otnv TaxVTnTa TOU PWTOC, N omola eivat
n (6la ylta 6AoUG TOUG MaPATNPNTEC, KL OTO YEYOVOG OTL OL VOUOL TNG PUOLKAG elval oL (Slot yla Toug
apaTnPENTEG o TafLdeVOUV e oTaBepr TaXUTNTA, OE OXECN O £Vag e TOV AAAov. AvtiBeTa, auth
n Bswpla tNg okotewng UANG umootnpilel OtL n taxutnta tou Pwtog Kabopiletal amod tTnv
TIUKVOTNTA TNG OKOTEWVAG UANG KOl €(vVOL OXETIKN HE TN OKOTEWN UAnN, WoTOO0 N CUYKEKPLUEVN
Bewpla propel va amodeiyOel 0TL cupPWVEL e TNV EL8IKN Bewpla TNG OXETIKOTNTAC.

Ag g€eTAOOUME ULt KAQOLKN Ttapaywyr Omou To MAaiolo npepiag eival To mAaioo npepiag tng
OKOTELWVAG UANG. AC UTTODECOUE L. CUCKEUT, OTtou €va pwtovio petadidetal oe Evav KaBpedtn
oe anootaon d Kol avakAATal Tiow o€ €vol GEKTN TTOU CUVUTIAPXEL HE TOV TOUMO. Emopévwg, o
XPOVOG Ttriong Tou pwtoviou eival 2d/c otav Bploketal o npepia. Twpa, ag UTTOBECOUUE OTL N
OUOKEUN KLVE(TAL PE pLa TaxUTNTA, Vv, TTPOG pia kKateuBuvaon opBoywvia tpog tnv otk Stadpoun
NG. Eav to neipapa emavalndBel evw n cuokeun Kwveltal, o mapatnentrg oto mAaiolo avadopag
NG OKOTELVN G UANG BAEMEL OTL TO pnKog dtadpoung augndnke Adyw TN OXETLKAG Kivnong.

JUYKEKPLULEVQ, O TIAPATNPNTAC TNG OKOTEWACS UANG PAETEeL éva prkog Stadpounc 2 (d 2 + v 2 t 2)1/2,
omou t elval o xpovog mou xpelaletal yla va ¢ptacoupe otov kabpédtn. Evag mapatnpntr¢ mou
KWWElTaL pe tnv cuokeun Ba deL éva pnkog diadpoung 2d. H Saipeon tou pnkoug twv Suo
Stadpopwv pe to ¢ bivel Tov xpovo mrriong o kabe mAaiolo avagopdg. H emiluon yla to t oto
mAaioto Tng okotewng UANG Sivel xpdvo mtiong 4d 2/ ¢ 2 /(1 - v2/ c2)Y2. Av unoBécoupe 6TLTO € elval
TO (610 KalL yLa Tou¢ SUO MAPATNPNTEC, TOTE EXOUE TNV TUTILKA €KGpAON yLO TN XPOVIKN SLAoTOAN t
= t'/(1 - v¥/ ¢) Y2, érou t' lval o xpovog ylo Tov mapatnenth o€ kivnon. Aev BAémoupe Timota
KawvoUplo €dw, €KTOC amMO TNV TAPOywyr, TOU YIVETAL QVTIANTITA Oamd TOV mopatnpentrn o€
KOTAOTOON NPEULOG WG Lo BdAaocoa okoTEWVAG UANG KAl TO GwTOVLO TToU TafLSEVEL OTOV XPOVO € OE
QUTO TO TMAAiolo.

Av n taxutnto Tou GWTOC yLla ToV KlvoUEeVO Ttapatnpnth dev ixe unotebel o6tL NTav n dLa, ToTE N
Aoywkn T Ba Atav n taxutnTa Gwtodg Mou 0 MaPATNPNTAG O Npepia Ba eixe umtoAoyioel yla To
kwoupevo mAaiolo avadopdc, Snhadh ¢ (1 - v2 ¢2) 2 n onola eivat n mpoPoAr Tng TaxUTNTOS TOU
dwTo¢ oTNV TAXUTNTA. QOTOCO, N AVTLKATACTACN TLLWV LLE TN CUYKEKPLUEVN, o€ Slddope e€LOWOELS
yla duoka pavopeva Ba 06nNynoeL 0€ ATTOTEAECLOTO TTOU OVALPOUV TOV EQUTO TOUC. H povn Tiun
yla tnv taxutnta Tou pwtog otnv omoia ot ducoilkol vopoL mapapévouyv ot idtol kat ota dUo mAaiola
avadopac eivat n ¢. Q¢ ek TouTou, N UTOBECN OTL N TaXUTNTA TOU GWTOC elval n iSta yla GAoUC Toug
TIAPATNPNTEC ELVOL TIEPLTTH. ZUVETWC, N UTIOBEGCN OTL OL VOUOL TNG GUOCLKAC elval apeTtdBAnTOL €lvat
ETAPKAG KAL N CUVETIELA ELVAL OTL N TTAPATNPOUHEVN TaXUTNTA WTOC elvaln idla yla 6Aa ta mAaiola
avadopac.

7. IXETIKOTNTA TNG ZKOTEWAG YANC

H okotewvrl UAN €xeL pla opoldtNTa UE TNV €LOIKN OXETIKOTNTA, KABwG N taxluTnta tou PwTtog
daivetal va gival dtapopetikn anod ta aAa mAaiola avadopads. Kabwg aAAAleL n MUKVOTNTA TNG
OKOTELWVAG UANG, AoyLKA oL vopoL TnG duoikig dev aAlalouv, omwe akplBwc to Statunwoe o Einstein
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otnv Bewpla tn¢ oxetikoTNTAC. EEAANOU, KOBWG To cuumav SLaoTEAAETAL, AOYLKA N TTUKvVOTNTa Ba
HELWVOTAV, KOL OO €vayv eEWTEPLKO apATNPENTA, N TaXUTNTA Tou wTog Ba pewwvotay eniong. Mia
HElwon oTnv TaxuTNTa Tou dWwTog Sev €xel onpelwBOel oto mMAaiolo avadopdg pag aAAd auto pnopet
va odelletal og pla petaBoAn TN MUKvOTNTAG Tou Sev eival aviyveuolun. EmumAéoy, eav n pala
Bewpeltal otabepr), TOTE N TAXUTNTA TOU GWTOC Ba TpémeL va mopapeivel n idla yia va dtatnpnBet
dla n evépyela tng palog npepiag. (Av n pala aAAGlel pall pe tTnv mUKVOTNTA, UTIAPXOUV OLOUVETH
OTOTEAECHOTA VLA T SLOKUUAVOELG TOU HAKOUG KOL TOU XpOvou Otav cuumeplhAapfavetal otnv
eflowon n opun KAl n KNtk evépyela.) EToL, 0 MPWTOTUTOC LOXUPLOUOG Tou Einstein, otL n
ToxUTNTA ToU PWTOC £ival n dla yia 6AoU¢ TOuG MOPATNPNTEG, LOXVEL yla TIG TIapaAAQyEG oTNV
TIUKVOTNTA TNG OKOTEWVAG UANG. EDOCOV N evépyela Kal n oppr Vo pwTtoviou MPEMEeL va gival dla
LE TNV ITUKVOTNTA TNG OKOTEWVAG UANG, TOTE TO UNKOG KUMATOC Kal N ouxvotnta Ba eival ta idla.

A €€TAOOUE €V KOUTL E HLAL TIUKVOTNTO OKOTELVNG UANG p LECA OTO KOUTL KL po £€W ATIO QUTO.
‘EToL, O€ évav eEWTEPLKO opatnenTh N TaxVTNTo Tou GWTdE HECO OTO KOUTL Elval ¢, (0 / pPo)Y/3. Ag
e€eTaooUE TWPA EVa GWTOVLIO EVOG UNKOUG KUOTOG TTOU PETadIdeTaL apAAAnAa Le TO UKOG TOu
KouTloU. KaBwg to pwTtovio ELCEPYETOL OTO KIBWTLO, N TaXUTNTA TNG UITPOOTLVHG TTAEUPAC TTAAOU
oANGleL, evw N ToxUTNTA TNG TEALKAG MAEUPAG TTOAUOU TAPOMEVEL AUETAPBANTN HEXPLS OTOU va
Bpebel kat autr) péoa oto Koutl. To amotéAeopa gival OTL TO PKOG KUHATOC Tou dwtoviou, otav
napotnpeital é€w amd to kouti yivetal Ao (p / po)¥3. Aedopévou OTL TO HAKOG KUHOTOG TIOU
napatTnpeital and £vav €0WTEPIKO TAPATNPENTH TPEMEL va elval Ao, N Sladopd UAKOUG ToU
T(POKUTITEL OTO ECWTEPLKO, /, O Ox€on e To eEWTEPLKO, lo, HlveTAL OTO:

l:lnsp/pn‘
(9)

Emopévwg, To PNRKOG €VOG aVvTIKELMEVOU daivetal va sival avaloyo mpo¢ tnv KuBLkn pila tng
TIUKVOTNTAC TNG OKOTEWVAG UANC. Opolwg, n xpovikn nepiodog Twv dwtoviwv eival avaloyn tou
HUNKOUG KULOTOG, EMOUEVWE 0 XPOVOG lval emiong avaAloyog tng KUBLKAG pllag Tng mukvoTnTag TG
OKOTELVAG UANG. Q¢ €K TOUTOU, 0 XpOVOC HECA OTO KOUTL, t, 0 OX€on LE TO EEWTEPLKO TOU KOUTLOU,

to, 6lveTo amo:
t:trj3\)'p/pf)' (10)

Edooov to pnKkog Kot 0 xpovog eival avaloyog pe tnv KuPikn pila tTng mUKVOTNTOG TNG OKOTELVNG
UANG, TOTE Kal N TaxuTNTa Ba eivat (Sla yla Toug mapatnpNTEC TOCO PECA 000 KoL €W OO TO KOUTL.
‘Etol, éva cwHOTIOL0 TTOU ELOEPXETAL OTO KOUTL Ba €XEL TNV (6Ll OpUN KAL KLVNTLKN EVEPYELA TIOU Eixe
Kall £€w armod To Kouti.

YuvakoAouBa, €vag mapatnpntn¢ Sev Ba aviyveuoel aAAayEG 0T MUKVOTNTO OKOTEWVAG UANG OTO
nieplBaAlov tou. OL mapatnpnTEG UITOpoUV va avixveloouv aAAayEG otnv taxuTnTa Tou pwtodg ot
AaAAa mAaiola avadopdg, aAAd oxL oto Sikd Touc. Otav n MUKVOTNTA TG OKOTEWVAG UANG pTavel
ot0 UNn6Ev, oL Slaotaocel ¢ptAvouv oTto MNSEV Kol O XPOVOG OTAHATA, N OKOTEWR UANR 8gv
ka@opileL povo TV TaxvTNTA TOU PWTOG AAAA KoL TOV XWPO KOlL TOV XPOVO. Xwpig TN oKoTELWVR UAN,
0 XWPOC KoL 0 Xpovog Sev Ba uTINPXAV OTWG TOUC YVWPIL{OUUE. Z& XOUNAOTEPEG TTUKVOTNTEC, TA
OVTIKElJEVA €lval PLKPOTEPA KOL O XPOVOG KLVELTAL TILO apyd. e UPNAOTEPEC TUKVOTNTEG, T
OVTIKELPEVA €lval PeYaAUTEPQ KAl O XPOVOC KLVEiTaL ypnyopotepa. Tn OTWYUN akpLBWC HETA TN
HEYAAN €kpnén, n Taxutnta Tou pwTtoc Ba ATav oxedov povadikr Kot o xpovog Oa sixe mepaoel os
HloL OTLyHn - auto, BEPata, mapatnpnbnke amd 1o S1kd pag A Kamolo GAAo mapopolo mAaiolo
avadopac. NoAa duoika dawvopeva Bewpeital OtL €xouv ocupPel oe e€wPPEVIKA CUVTOUEG
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XPOVIKEC TIEPLOSOUC LETA TN HEYAAN €KPNEN KL QUTH UMOpPEL va eival pLa KaAn e€nynon tou ylatl
eudavifovrtal pe autoév Tov Tpomo anod To mAaiolo avadopdg pag.

8. Mupnvikn Ztabepotnta

OL unoBéoelg mou mapouctalovtal 6w yla TN OKOTEWN VAN €xouv 8ev emnpedlouv HOVO TNV
aotpoduotkn aAAa n entuyio onolacdnmote Bewplag e€aptdatal ano TNV eYyKUPOTNTA TNG O OAEG
TIC KATAOTAOELG. YTTAPXEL LLOL KATAOTACN TIOU amavtatal otn ¢puon, 6mou n okotelvly VAN Umopei va
QamouoLAlel, KAl CUYKEKPLUEVOL OTOV TIUPAVA EVOC ATOUOU OTIOU UTTAPXOUV LOXUPEC TILECELG METAED
TwV VoukAeoviwv. H Suvapn Coulomb petadidetal amod elkovikd ¢wtovia Kal Ta ELKOVIKA dwTovia
XPELALOVTOL TO (810 HEDCO JE TO MPAYUATIKA PWTOVLA, EMOUEVWG AV SEV UTIAPXEL OKOTELVN VAN, Sgv
urtapyet duvapn Coulomb. Edv ta vOukAgdvla €lval TOCO CUUTILECUEVO UETOEU TOUG WOTE N
OKOTELV) UAN va amoucldlel oTov upnva, Tote auth n Bewpla €€nyel to ylatl ta mpwtovia dev
anwBouvtal HetafL TOUG OTOV TTUPNVA - OTNV TPAYUATIKOTNTA, Sev udiotatal n Suvaun Coulomb.

MropoU e emiong va ¢avtaoToUE OTL N EMLPAVELA TWV PEYAAWV TUPNVWV Elval TILO TPAXLA ATIO
EKELVN TWV ULIKPOTEPWVY TIUPNVWV KAl APKETA TPAXLA WOTE VA UIMOPEL val UTIAPXEL OKOTELWV UAN
HETAEL TWV TPpWTOViwy Tou TpoefExouv amod v erudpavela. Auto Ba enétpene va petadobel n
Suvaun Coulomb petafl auTWV TWV MPWTOVIWY yLa va dnuloupynBel pia Suvaun (pa aotabela)
KOLL VO ATTOLAKPUVOOUV PEPLKA TIPWTOVLA I cwpatidia dAda. Auto pmopel va e€nyel To 0pLo otoug
dUGLKOUG TTUPVEC KaL TO YLOTL OpLOEVA LOOTOTIA €lval aoTtadr).

H amoucia okotevig UANG oTAUATA ETIONG TOV XPOVO. AUTO UImopEl va eEnyNOEL yLaTL Ta VETpOVLA
oToV upnva eivat otabepa.

9. PuBuOC¢ ALaOTOANG TOU ZUMMAVTOG

Edv n mukvotnTa TNG OKOTEWVAG UANG QUEAVETOL EKEL OTIOU UTIAPXOUV QVTLKELMEVA UE PEYAAN pala,
TOTE £lval AOylKO 0 XWPOG HETAEU TWV QVTIKELMEVWY PE PeYAAn pala, dnAadn o Slayalaflakog
XWPOG, Va €XEL XOUNAOTEPEG TUKVOTNTEC OKOTEWVAG UANCG Kal xapnAotepn taxutnta ¢pwtoc. O
Tangherlini [3] €xeL umoAoyioel pe Owddopeg pebodoug oOtL évag beiktng SLaBAaong tou
Stayahaglakol xwpou 1,46 - 1,53 pmopel va e€nynosl Tnv mpodavr) EMITAXUVON TOU CUUTIAVTOG.
AeSOUEVOU OTL LA TLUN TTOU EETEPVA TNV TN Tou Seiktn SLaBAaong emBpaduvel tnv TaxlTNTO TOU
dWTOC, Ko TTAPOPOoLa TIUA VLA TNV TAXUTNTA ToU GWTOC UTTOPEL va UTIOAOYLOTEL 0€ pLa XapnAotepn
TIUKVOTNTA OKOTELVN G UANG. YroB£tovtag ot n tiun 1,46 yia tov Seiktn StdBAaong odnyel otnv i6la
TOXUTNTA GWTOG EAV N TTUKVOTNTA OKOTELVAG UANC 0TO SlayaAafloko Xwpo ATV oTo 32% OXETIKA LE
TNV TIUKVOTNTA OKOTEWNG UANG otn n, pia oAU Aoyikn twun. Q¢ ek toutou, auth n Bewpla
uTtootnpilel €va 1o AoyLKO CUUTEPACHO OTL TO cUUTaV BplokeTal og katdotaon enBpaduvonc.

10. AktwvoPBoAia MEAavog ZwHATOG

KAaowka, n aktivoBoAia Tou pEAAVOC CWHATOC (VAL N LETATPOTH EVOC pwvoviou os €va GpwTtovlo,
SnA. n petatpornr] TNG TAAAVIWONG O€ €va NAEKTPOUAYVNTIKO KU / owpatidlo. MéxpL onuepa, o
TPOTOC |LE TOV OTOL0 pLa ATAN TAAAVTWON (BEPULKY) EVEPYELD) LETOTPETIETAL OE NAEKTPOLOYVNTIKO
KOpa / owpatidlo ¢patvotav va sival pa epimlokn Stadikacia mou amavrdatal otn ¢uon o Eva
0plo. Qoto00, lval EUKOAO VA KATAVONOOUUE TWE KLt TAAAVIWON TNG UANG HETAdEPETAL OE HLA
TOAQVTWON TNG OKOTEWVAG UANG. ATTO TN OTLYUN TTOU N OKOTELWVN UAN Yeullel Ta Stootripata HeTagy
TWV CWHATISIWV TNG CUPPBATIKNAC UANG o€ éva 0TEPEO Kal Ta SUo cwpatidia / kupata £€xouv Tnv (Sla
EVEPYELA KOL OUXVOTNTA AAAQ OXLTNV BLa TaXUTNTA 1} KOG KUUATOG. EToL, éva wTOVLO EKTEUTETAL
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LLE TNV EVEPYELA KOL TNV 0PI TOU GWVOVIOU KoL OL NAEKTPOOYVNTIKEC LOLOTNTEC €lval AMOTEAECHA
NG TAAAVTWONG TOU HayvNTIKoU ¢opTiou TNG oKOTELWVAG UANG.

11. Ynepaywylpotnta

Mua oAU evladépouoca LELOTNTA TWV UTIEPAYWYWV Elval n anwdnon Twv payvntikwyv nediwv. Av
AndBel umtdPn n Bewplia mou avadépetal otnv mapovoa epyacia, autd Ba orpatve wg dev yivetat
VoL €XOUUE €va peUO OKOTELVNG UANG O €vav UTEpaywyo. Q¢ €K TOUTOU, LECA OTOV UTIEPAYWYO, N
OKOTELVA UAN €lval SECUEVHEVN OE KATIOLO KOTALOTAON TIOU ETUTPETIEL TNV PON ELKOVIKWV dwToviwy,
evw eumodilel Ta pevpATA OKOTEWVAG UANG. AUTO TiiBavov va onpoivel OTL N oKOTEWVA UAN UTTAPXEL
oe kamola popdr Seopeupévng KPBavTKAG Kataotaong. Evw autd eivat moAl evdladépov
BEwpPNTLKA, TO TILO CUVAPTIACTIKO HEPOC LOWC va €lval N LKAVOTNTA VA TIAPAYEL OYKOUCG XWPWV UE
TIOLKIAEG TTUKVOTNTEG OKOTELVI G UANG I KOO KOLL VAL TIOPAYEL KEVO OKOTELWVAG UANG. A pavtaotoU e
€vav Kollo umEepaywylpo ocwAnva, Omou pelpata TPokaAoUvtal o€ KABe AKpo, £T0L WOTE Ol
YPOUMEC TOU payvnTkoL rediou va Byaivouv kat amo ta SUo akpa. Auto Ba anwbouaoe tn OKOTELWVN
UAN oo TO ECWTEPLKO TOU cwANRva dlapécou KABe akpou kKal Ba pelwve TNV MUKVOTNTA TNG HECA
oto owAnva. To anotéAeopa Ba ATav va eunodiloTel N pon Tou GWTOC HECW TOU CWARVA av OAn N
OKOTELV) UAN €ixe anwOnbel. (Eav anwbdnBel povo peplkwg, n taxvtnTa Tou Gwtog Ba pelwbel).
Onwg avagpépbnke oto tuAUA yla tnv Mupnvikn Ztabepdtnta, o€ £€va KEVO OKOTEWVAG UANG
eunodiletal n HETAS00N ELKOVIKWY pwToViwy Kal anevepyormoleital n duvapn tou coulomb. Etol,
TOL ATOUA OE AUTO TO KEVO OKOTELVN G UANG Ba yivouv mMAdopa emeldr) ta nAektpovia Sev eival mAéov
SECUEVEVO OTOUG TTUPKVEC TOUG.

12. NMupnvikn Z0vtnén

Av ywotav va SnuoupynBel autd To KeVO OKOTELWVAG UANG (1] TouAdxlotov €va pépog Tou), Ba
OUVERALVE KATL OKOUN TILO CUVOPTIACTIKO. Eval Kevo okotelvig UANG Ba amoteAoUoe Tov LOAVIKO
XWPO yLa TNV TupnVvikA ouvinén, kabwg Ba xpelaldtav moAU AlyOTeEPN EVEPYELA YLA VA EETTEPAOTEL
N NAEKTPOOTATIKA Anmwon HeTafl Twv mupAvwyv. Mrmopet eniong va BonBroetl otnv €nynon tng
ouvtnéng mou yivetal otov AALO, €AV N TIUKVOTNTA TNG OKOTEWNG UANG MELWVETAL ONUAVIIKA N
QIoUGoLALEL OTO KEVTPO TOU HALOU.

13. Taxuovia

O ouvOlUAOUOG TWV OXETIKLOTIKWY CWHATSIWY Kal Twv METABANTWY TTUKVOTATWY OKOTEWVAG UANG
TIAPEXEL pia TiBavr) eukatpia va Snuoupynbel éva taxuovio. Ag UTTOBECOUE OTL £XOUE £va KOUTL
OTIOU N TIUKVOTNTA TNG OKOTEWNG UANG €lval xapnAotepn amod OTL oto €fwTePlkO Tou. Eva
OXETIKLOTIKO owpatidlo pmopel va SnuioupynBet £€w amod to KOUTL He TaxuTnTa HEYyoAUTEPN amod
™V taxutnTa Tou GWToC pPéca oto KIBwTo. Edv to ocwpatidio eyyxubel péoa oto kouti, €vag
napatnpentng €€w amod to Koutli Ba okedtel OTL T0 cwpatidlo péoa oto KPBwTo Tagldevel
ypnyopotepa amo to ¢wc. Evag mapatnpntig péoa oto KiBwrtio Ba deL to owpatidlo va £xeL TNV
(dla taxvTNTA HE aUTH TIoU 0 EWTEPLKOG mapatnPnTAG eixe avtiAndBel mpotol to cwuatidlo va
UmeL oto koutl. O mapatnpntr¢ LEcA oTo KouTi Ba 8L OTL TO cwHATIOW £XEL TNV (Sl evEpPYEL KaL
opun mou €ide kal o mapatnpntng £€w amd 1o Kouti. Etol dnuloupyeital éva mapadofo. O
napatnentn¢ £€w amo to KiBwtlo Ba éAeye OTL To cwpatidlo Ba SLooxiosl To KOUTL ypnyopotepa
ano éva ¢wtovio, aAAd o mapaTnPNTAG HEoa oto KIBwTLo Ba éAeye OTL To dwtovio Staocyilel To
KOUTL TaxUtepa arm' OTL To owuatidlo.

14. NapdAAnAa Zuumnavta

H napovoa Bewpia Ba pnopovoe va emaAnBevoeL to akdAouBo patvopevo. Av to cuumav pag eivat
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TO HOVO TIoU dnpLloupynBnKe amo tn peyain £kpnén Kat n Heyain €kpnén Snuolpynoe Tn OKOTELVN
UAnN, AAAQ CUUTTOVTO UTTOPEL VA UTIAPXOUV TIEPA OO TO CNLELO TTOU OTAPOTA N OKOTELWVH UAN TOU
oUUMAVTOC pag. Eav ev umapyel okotelvr UAN MOV va GUVEEEL AUTA TOL CUUTIAVTA, TOTE SEV yiveTal
puetadoon pwrtoviwv HeTall Toug HEXPL va emektaBoUlv oto onpeio 6mou Ba apxiocouv va evwvovtal
ol BAAaooEC TNG OKOTELWVAG TOUG UANG. Av UTTAPXEL OKOTELVH UAN OVAUECO O€ QUTA TA CUUIAVTO,
TOTE Ba €XeL TNV 6L popdn Ue To Puxpd MAAoUA.

15. M'evikég IKEYELG

KataPfAnOnke peydAn mpoomadbela yla tnv €Upecn €vog HOVIEAOU WTOViwv, TOU Omoiou n
OUVOALKN NAEKTpOUAyVNTIKA eVEpYeEla Ba nTav avaloyn mpog to f. MNpokeévou éva dwTovio va
€XEL NAEKTPOUAYVNTLKA EVEPYELA OVAAOYN TIPOC TO f, TO HOyVNTIKO Tou Tedblo TpEMeL va eival
avaloyo tou f 2 (and tnv E€lowon (5) kot tnv umdBeson OTL évag XOPAKTNPLOTIKOG OYKOG ival
avaloyog tou A3). Edv to B fATav avdAoyo mpog To V2, TOTe n evépyeta Ba ftav avahoyn mpog To f,
WOTOOO OL TIOPAKETPOL TOU LOVTEAOU Sev elval AoyikéG. YmoBETovtag peyaAUTepeC SUVAUELG TOU V
KoL TTAQTOG TIOU €Lvall CUVAPTNON TOU f, TO LOVTEAO UMOPEL VA TTAPOUCLACEL EVEPYELEG AVAAOYEC TOU
f, oM@ kot MAAL ol mopapetpol Tou Sev eival AoylkéG. EmutAéov, oe kaBe pia amd aUTEC TLIC
TIEPUTTWOELG, OTLG OTIOLEG UToTIBeVTOL LEYAAUTEPEC SUVAELG, TO HAYVNTLKO Ttedio Sev eival kabBapo
NULITOVOELSEG. € KAOE pia amo OUTEG TIG TIEPUTTWOELG, UTIOTEONKE UL NULTOVOELSAG TAAAvVIwOoN.
AN\EC oUVAPTAOELG TOAAVIWOEWY UIopel va BewpnBel OtTL emtuyydvouv éva nuitovoeldeg nedio
oAAG oL cuvapPTHOELG SEV CUVASOUV UE TNV AOYIKN. EMOUEVWC, TO LOVTEAO TTOU TTAPOUGCLACTNKE OTO
TUAMA "OwToVIo" ATav TO AMAOUCTEPO, LE L0 LOVO NULTOVOELSH TAAAVTWOT, TTOU SNULOUPYEL Eva
NULTOVOELSEG payvnTKO Tedio Kal pa evépyela avahoyn mpog to A. Ol eMAOYEG OXETKA HE TO
KAAUTEPO HOVTEAO ATOV HETAEY EVOC LN NULITOVOELSOUG HayvnTLKOU eSO, UG KN NULTOVOELS0UC
TOAQVTWONG 1 KOG NAEKTPOUAYVNTIKAG EVEPYELAG TIOU NTAV QCHUAVIN OE OXECN ME TNV KLVNTIKN
evépyela. To yeyovog OTL N NAEKTPOUAYVNTLKY EVEPYELA ATOV OCHUOVTN OE OXECHN LE TNV EVEPYELA
NG TaAAvTWonG 081 ynoe OTO CUUMEPACHA OTL N CUYKEKPLUEVN ETUAOYA ATAV N TILO AOYLKN.
OewpnBnke OTL TO HayvNTLKO Tedio eival avaAoyo e TNV TaxUTNTA €VOC OCWUATIOOU OKOTEWVAG
UANG. ZTNV MPAyUATIKOTNTA, To tebio BplokeTal otnv HEYLOTN TLUA OTav elval KOVTA 0TO CWHATIOL0
OKOTEWVAG UANG, EVW N TLUA OUTH HELWWVETOL OG0 QTOMOKPUVETAL amod to cwpatidlo. Qotoco, n
HEYAAN TUKVOTNTA TwWV cwHOTSlwy Kal pa pkpn epBélela, Ba €6elxve mwg n unmdBeon mou
Xpnotwuomnonke oto HOVTEAO, €lval (on pe TO UVOAO OAWV TwV MESIWY TWV YELTOVIKWY CWUATWY
OKOTELWVAG UANG Kal Sivel To 1810 amotéAeopa xwpig va yvwpiloupe ) ouvaptnon yla to nedio mou
oxnuatiletal ano éva povo cwuatidlo.

‘Eva amAo neipapa pnopet va anobdeifel edv auti n Bswpla, i pa mo nepimAokn, eivat cwotn. Ag
$avVTaOTOUUE VOl CUVEKTLKO onua A£llep o Xwpiletal HeTatl SU0 VWV Kol eVvOG cwAnvoeldoug.
Mepvape pia amo TG iveg MOAAEG dOpEG HEOW TOU cwANVOEeLdoUC, £€Tol WOoTe To PwG va KLveital
mapAAAnAa oto HayvnTiko medio Ttou. Mepvape v AAAn va TOMEG ¢GOpEC HEOW TOU
owAnvoeldolg, £T0l WOTe TOo PwWE va KLWETOL KATA TOU HayvnTikou Tmediou tou. Kabwg
EVEPYOTIOLELTAL TO CWANVOELSEG, N TAXUTNTA TOU PwTOG oTN pia iva emiBpaduvetal, evw n taxvTnTa
ToU dWTOC 0TNV AAAN €mITa)XVUVETAL AOYW TWV POWV TNG OKOTELVNC UANG TTOU TtapAyovTtal and To
owAnvoeldég (umoBETovtag OTL autad ta media umdpyouv HEoa OTLG LveG). To amotéAeopa Ba pémet
va eival pa Stadopad paong petaty Twv SUo vwv Kabwc edpapuoletol TAon 0To CWANVOELSEC.

To mapov povtédo pwtoviwv Baciletal os €va eykApolo KUMA othn oKOotewr UAN. Ta Stapnkn
kOpata, eivat mbavo va petadépouv kat pia aAAn Suvaun. Eva tétolo kOpa Ba eixe €va
TOAQVTEUOPEVO POyVNTIKO Ttedio otnv katevBuvon dtddoong Kal Omwe ival yvwoto amnod to VOuo
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Tou Faraday, £va nAektpiko medio mou Ba meploTpedeTal yUpw amo tnv katevBuvon dtadoong. Eva
TETOLO KUMA Ba poldlel pe €va KUKALKA TTOAWUEVO GWTOVLO.

To payvntikd medio tng Mg poldlel pe €va payvnTko medlo evog poyvntikoUu SutoAou, av
efalpéoou e TV mapapopdwaon mou odeiletal otov NALAKO dvepo. Edv To payvntiko nedio ival
€va peVMA OKOTEWVAG UANG, N duoikn aAAnAenidpacn pe to pelpa cwpaTdiwy amod tov nAo Ba
UOpOUCE va SNULOUPYNOEL TO TOPATNPOUEVO HoTiBO, L8IKA eMELd N mapapdpdwon cupPaivel
UE TNV acBevéaTtepn UAN TNG OKOTELVHG UANG.

Ot nAlakeég KnAldeg lowg va umopouv va pog dwoouv MAnpodopleg OXETIKA UE TLG LOLOTNTECG TNG
OKOTELVNG UANG. Oa urmopoloayv oL OKOTEWVEG KNALSEC val elval To amotéAeopa TnG eE0VSETEPWONG
TNG OKOTEWVAG UANG 1) TNG OKOTEWVAG UANG TIOU EKTTEUTIETAL, KaL O KAOe Tepintwon adrvoviag eva
KEVO OKOTELWVAG UANG Ttou eumodilel tn petadoon pwrtoviwy;

AG UTTOBECOULE OTL £XOUE VAL KOUTL OTTIOU UIMOPOUHE VO EAEYEOUE TNV TTUKVOTNTA TNG OKOTELWVNAG
UANG. AV LEWWOOUUE TNV TIUKVOTNTA, O,TL BPlOKETAL HEOA OTO KOUTL Ba peyoAwVEL TLO apyd O€
nAia. AnAadn, péoa oto kouti o xpovog Ba KUAAeL Tio apyd . Eav n mukvotnta auvfavotay, Tote
otldnmote Yéoa oto Kouti Ba yepvoloe Mo ypriyopa, KaBLoTwvtog To £va TTOAU XpNOLUOo Epyaleio
yla tnv Snuoupyia avtaAAQKTIKWY Ao YEWTEXVIKO UALKO.

16. Zuunepaopata

H Bewpla mou avamtuxdBnke otn CUYKEKPLUEVN €peuva, umootnpilel OTL N okoTewr VAN €lval o
alBépag, pa 6éa mou eykataAeipOBnke PV amo €vav alwva TEPUMoU, evw TMAPEXEL EVAOYEG
€€nynoeLg yla kamoto ¢pucoiko dawvopevo. H Bewpla:

* YroBétel tnv UMapén payvnTikol ¢optiou otn OKOTEWVN UAN TOU TPOCOETEL CUUUETPLO OTLG
eflowoelg tou Maxwell pe tnv mMpooBnkn Opwv TOU HOLAlOUV HME OQUTOUC TOU HayvVNTIKOU
HOVOTtOAOU,

e 0Odbnyel og £va LOVTEAO yLa TO GWTOVLO TTOU UTIOSNAWVEL OTL N EVEPYELA TOU £lval 0 PEYAAO
BaBuo kwntik, €KTOC amd TG TOAU XOUNAEG EVEPYELEG, KOL OTL TOPOUCLAlEL TO
XOPOAKTNPLOTIKO TOU KUMOTOOWHATLSL0KOU duiopuol

e Efnvel tnv dawopeviky emrtayuvon NG SLACTOANG TOU OCUUMOVTIOG, EVW OTNV
TIPAYUATIKOTATA TIPOKELTAL Yo eMBpaduvon,

e Efnyel tnv nupnvikn otabepotnTa Kat

e 0dbnyel oto cuumépaocpa OTL yla va UTTAPEEL O XWPOG KAl O XpOVOG, TIPETEL VAl UTIAPXEL
OKOTELVH UAN.

T€Aog, n Bewpla autn puropel va e€nynoet kat aAAa datvopeva Kat av eivat Suvatog o EAeyxog
NG OKOTELWVAG UANG, TOTE Ba avoLxTouVv SpOOL TIPOC VEEG ETILOTNUOVLIKEG avakaAUPels. Me Baon
TIC YVWOELG TIOU £XOUME HEXPL ONUEPQA, £lval amapaitnTto va emaveteTaoTtel To av 0 albgpag
UTTAPXEL 1) OXL.
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1 ZxoAlaopOC

H ¢puoikn koopoloyia, To B€pa SnAadn mou mpayUateVeTOL TO KELLEVO TNy, €lval évag KAASOG e
mAovoLa mapadoan, KaBwg amo apXoLloTATWY XPOVWV (6° alwvag t.x.) ylvovTaL oL TIPWTEG OTOTIELPES
TwvV MNpoowkKpaTikwy va kaBoploouv TV apxn, TNV eviaia KOoULKA VAN, To otabepod aitio OAwV Twv
oAAOyWV KOl TWV METABOAWV TWV EUNMELPIKWY TPAYUATWY. H Koopoloyia Aoutév ntav yla to
HEYOAUTEPO LEPOG TNG LOTOPLAG TWV avOPpWTWY AVTLIKELMEVO TNG PeETadUOLIKAG R TG Bpnokeiag. Onwg
NV yvwplloupe oNUeEpPa, WG EMOTAUN, ekivnoe pe tnv avamtuén tng levikng Oewplag tng
IXETIKOTNTAG TOU AAumept Alvotdwv kal kabwg e¢eAixbnke n texvoloyia kal o €£OMALOMOG, TTOU
ETIETPETIE TILO AKPLBEIG KAl KAAUTEPEG MAPATNPAOELG TWV OUPAVLWV CWHATWYV KOL TOU CUUTIAVTOG, N
KoopoAoyia emektadnke kal evwOnKe kat e AANEG emLOTHUEG. EvwBnke SnAadn) e tnv actpoduaotkn,
Vv KBavtopnxavikn Kot GAAOUG TOUEIC TO00 TNE BewpnTIKAG 600 Kal TNG EPapUOCUEVNG PUCIKAC.
Mvetal Aoutdv avtiAnTto anod Ta mopanavw, OtL To BEpa Tou KeLpévou mnyn Sev eival povo moAv
€161KO aAAQ KOl SLETLOTNOVLKO KAL N OMOOTOAN Tou PeTadpaotn eival apketd SUOKOAN Kabwg
TIPETEL VA €XEL YVWOELG TTAVW OTO AVTIKELMEVO ToU KIMT TPOKELUEVOU VA TO KATAVONOEL AAAA KAl va TO
amoSwoeL 0T YAWooa oTo)o.

1.1 AvaAuon Kelpévou

AkoAouBel n avaAucon Tou KELMEVOU TINYH KOL TOU KELWWEVOU OTOXOG CUHGWVA UE TO AELTOUPYIKO
novtédo tng Christiane Nord (Nord, 1988): Apyxikd Ba yivel avadopd Twv €EWKEIUEVIKWV
Tmapayoviwy. To keipevo pe titho “Dark Matter: The Source of Space and Time” dnuoolevBnke oto
ETULOTNHOVLIKO TepLOoSIKO auyxpovng duoikig (Journal of Modern Physics) otig 26 Maitou Tou 2016 kat
OUVTAKTNG Tou €lval o epeuvntng Keith G. Lyon, o omoiog katdayetal and tnv Apepikn. AnmeuBuvetal
O€ EMLOTNHOVEC TIoU evlladEpovtal 1) Spaotnplonolovvtat o Staddpoug kKAadoug tnG BewpnTKAG
Kal tnG edappoopévng Guolkng. Mpokeltal yla €0KO KEIPEVO, KOL OUYKEKPLUEVA yla pia
ETILOTNHOVLKH £PEUVA TIOU TIpAYyUATEVETAL BEpaTa 0w N OKOTELV UAN, N TUpNVLKA otabepotnTa, n
SlaotoAr) Tou ovpumavtog, n Edik) Oswpia ¢ IxetikotnTag K.0. To KM emteAel mAnpodoplakn
Aettoupyia, kaBwg o okomog Tou elval va petadwoel dedopéva yla ta nmpoavadepBevta Bpata.
Ooov adopd Toug EVOOKELUEVLKOUG TTOPAYOVTEG, OTO TPOG LETAdpaon KEIUEVO avadEPETAL APXLKA N
Bewpla, mou umoBETeL OTL Ta payvnTika media eival avaloya Pe TNV TaxUTNTO TOU HOYVNTIKOU
doptiou kat otn cuvéxela akoAouBei n avaAuon Tng Kat n avadopd TwV amopaAiTNTWY CTOLXELWV yLa
™V unootnpLEn tng. Emiong, umdapyxouv avaAutikol pabnuoatikot TUToL, oL omoiot e€umnpetolv otnVv
arobeLEn TWV AEYOUEVWY TOU €PELVNTH Kal SLEUKOAUVOUV TOUG €L6LKOUGC OTNV KATAvONnon tng
Bewplag. H yAwooa Tou KeLPEVOU, mapatnpeital OTL €lval AOYLKN, OVTIKELUEVLKA KOl avaTapLoTd
yeyovota kal dedopéva. Anouoldalouv n ekPpaoTIKOTNTA, TA oxAuata AOyou, n cuvalobnuatiki
doption Kal n onpacio twv Aé€swv gival SnAwtikn. To KM meptéxel moAAoUC eL61KOUG OPOUC, KoL WG
€K TOUTOU TO CNUALVOLEVA £XOUV WG ETTL TO TIAELOTOV £val LOVASLIKO ONUaivoV Kal TO KElpevo SLEmeTal
oo TO XOPAKTNPLOTIKO OUOLOYEVELAG TTIANV PEPLKWY e€alpéacwv. O Adyog eival pakpormepiodog kat
UTTAPXEL MEYAAOG aplBuodg Seutepevovowy. To VoG eival emionuo, cofapd Kal EMEENYNUATIKO.
T€AoG, ota UTIEPTEAXLOKA oTolXEla cupmeplhapBavetal n €vtovn ypadn, n onola xpnollonoleitat
yla va Toviotouv ol Bactkol 0pot, kaBwg Kot ta onueia otiéng. Ooov adopd To LeTAPPACHA, EYLVE
npoonaBela va dtatnpenBouv OAa Ta OTOLYELQ TOU TIPWTOTUTIOU KABWE TO aVOYVWOTIKO KOO Tou KX
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bev Slapoporoleital WSlaitepa. AnAadr) amevBUVETAL KAL OUTO OE ETLOTIUOVEC, OL OTOLOL WOTOCOo
€XOUV WG UNTPLKA YAwood TNV EAANVLKA.

1.2 Metadpaotikd MpoPAiuata

MNapakdtw mapatiBevial oxoAla emavw otnv doun, Tn cuvragn kabwg Kal Ta mMpoBARUATa TTOU
ouvdéovtal pe TNV é€kdppacn Kal TIG StadopEG IOV TTPOKUTITOUV OTO EKACTOTE TIOALTIOULKO {EUYOG.
ESw, mpénel va onpelwBel 0t cuudpwva pe tn Nord (1997:64), ta petadpaotikd tpoPAnuata eivatl
OVTLIKELUEVLKA Kol SV TIPETEL VO CUYXEOVTAL LLE TLG UTIOKELUEVIKEG HETAdPAOTIKEG SUOKOALEG, elval
npoBARuaTa mou Ba avTUeTWTILE OKOWUN KAl EVOG EUTMELPOC EMAYYEALATIOC LETOPPACTAG.

1.2.1 NpoPAfuata mou Tuvdéovtal Pe To MOoATIOUIKO ZeEUYOG

- NpoPAnuata mou cuvdéovtal Pe TO TIOALTIOUIKO {eVyog, Kol TMEPAAUBAVOUV TIG VOPHEG KOL TLG
oupBaoelc. Autd Ta mpoBARATA YivovTaL EVIOVOTEPA OTOV UTTAPXEL XAOUA LETAEY TWV VOPLWY, TWV
oupBAcewvV Kot Tou UPoUC Tou TTOATIOULKOU {eVyoUG. TNV nepimtwon auth t) Avon Sivel — Kupiwg
ota e0KA Kelpeva— n epyadetokn petadpaon (Nord, 1997:66 omwe avadépetal oto MNaplavou,
2007:7).

H gpyalelakr) Hetadpacn «XPNOLLEVEL WG AVEEAPTNTO EPYAAELO HETASOONC TOU UNVUUATOG UE UL
VEQ ETIKOLVWVLAKA SpAcTn 0TNV KOUATOUPQ-OTOXO KOlL ATIOOKOTIEL VAL EKTTANPWOEL TOV ETIKOLVWVLOKO
TNG OKOTIO XWPLG 0 SEKTNG va cuveldntomolel 0Tl StaBalet ) akoUeL €va Kelpevo ou, He SladopeTIKA
nopdn, eixe xpnowuomolnbel mponyouuévwe o SLadopeTIK EMIKOWVWVLIAKA Kataotaon» (Nord,
1988).

Me Baon ta mapanavw Kat epocov to KX ameuBUveTaL 0 EMIOTAUOVEG UE UNTPLKA YAWooA TNV
EAANVIKA, €DapUOOTNKE N TEXVIKN TNG TOTULKAG MPOCcApPUOoYAG. Mo ouykekpluéva, ol Sekadikol
oplOpol ypadtnkav pe KOPUA Kal 0L L TeAeia, Omwc ouvnBiletal ota AyyAwka (m.y. 1.46->1,46).

H mpo¢ upetadpaon €Epeuva eival €va opyovwpeévo €i60¢ Kelwévou e OUUPACELS Tou
Stadopormnolovvtal anod tn YAwooa Ny otn YAwooa otoxo. MNa mapddelypa, ota AyyAlkd umapyet
N TAon va xpnotpornoleital mpootaktikn (r.x. Consider), petoxég (m.x. Assuming) Kal anpOowWIEC
ekppaoelg (m.y. If...is assumed). Qotdoo, ota avrictoya EAANVIKA KElPeva TTPOTIUATAL N XPriON TOU
TPWTOU TTANBUVTLKOU TIPOCWTIOU OVTL TWV AMPOcWNWV eKPPACEWY KAl TWV UETOXWV (TTOU KoL AUTEG
bev davepwvouv kamolo mpdowno). Emiong, avti tTng mPOoTAKTLKAG XpPNOLUOTIoOBnKe N ocuvTagn «og
+ pripa oTo MPWTo MANBUVTIKO TpdowTo» (T.X. AG uTtoBEéooue), wWoTe To UPOG TOU KELUEVOU TtNyN
VO CUVASEL UE QUTO TWV EPEVVWV TIOU CUVTAOOOVTAL TNV EAANVLIKA YAwood. Na v avVTLUETWITLOTEL
AoUov auTo To MPOBANUA EMPENE 0 PETAPPAOTAG LESA OO TN XPHON TWV TTAPAAANAWY KELLEVWY,
va £E0LKELWOEL UE TIC TUTTOAOYLKEG CUBACELG TWV KELLEVWV TNG 18L0G OEPATIKAG WOTE VA EVTOTILOTOUV
oL KawvovikotnTeg (KeAavdplag,2016:138) kat va anodoboulv pe Tov cwoto TPOTo.

Ooov adopad ta pun AekTika otolxeia, Statnpndnke o aplOUOC Kal n oelpd Twv amnekovioewv tou KM,
KaBwc o£Petat kat akoAouBel tn doun Kal tn popdomoinon Tou MPWIOTUMOU.

Qotooo, 6oov adopd ta Kupla ovopata onw¢ Maxwell, Faraday, Coulomb k.a. 6ev €ylve Tormikn
Tipooapuoyn Kot 8ev epappooTnke PpwvnTikn petaypadr). Auto €ylve, SLOTL HETA amoO €peuva o€
mapAdAAnAa Kelpeva, SLAmIOTWONKE OTL TO OVOUATA TWV ETLOTNUOVWV TIOU EKAVOV UEYAAEG
ovaKaAUPELC KOL XPNOLULOTIOLOUVTOAL KOl WG LOVASEC LETPNONG WC el To MAeioTov &g cuvnBiletal va
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HETAYpAdOVTOL KOL TIOPAUEVOUV WG €XOUV. BEBaLa, 0 AUTOV TOV KAvOvVa UTIAPXEL Lo e€alipean, oL
anoPelg Sixalovtal 6oov adopd To ovopa tou Albert Einstein, mou o€ KATOLEG TEPUTTWOELS
ueTaypadetal Kol o AAeC OxL. EmAéxBnke Aoutdv to Ovopa vo PEIVEL HE TOUC AATWVIKOUC
XAPOKTAPEG, KABwG £xel akoAouBONnBEeL n (SLa oTPATNYLK KAL Yl TOL UTTOAOLTAL.

1.2.2 NpoPBArpata mou Juvdéovtal Pe To ZeUyog Nwaoowy

- NpoPBAfuata mou cuvdéovrtal pe To {evyog YAwoowv, SnAadn oL eVOOKELUEVLKOL TTOPAYOVTEC, TTIOU
adopouv TN onuaocia, To Ae€AoyLo, TNV opoloyia, Tn cuvtagn Kal to UPog Tou (eVyous YAWoOoWwV
(Maplavou, 2007:7).

OpoAoyia:

‘Eva armo Ta KUpLo XOPOKTNPLOTIKA TWV ELSLKWYV KoL 81 TEXVLKWV KELWEVWV gival n opoloyia. ZUudwva
HE TNV Avootaoladn-Zupewvidn, ol AEEel Mou ocuvavtwvtal oto eBka AsfAoyla €xouv €va
HOVOSIKO onpaivov Kol auto €lvol Kal TO XOPOKTNPLOTIKO TNG OMOLOYEVELOG, N omola eivat
amoapaitntn yla tv kabiEpwaon €181k opoloyiag (Kepapidag 2015:27).

looSuvapia (€va mpog moAAd/ ToAAQ PoG Eval):

Meta amno €épeuva T000 o€ Ae€lkA €8IKWV OpwV 000 Kal o€ MapdAAnAa keipeva, BpEBnke 6tTL oL Gpot
“vibration” kat “oscillation” yivetat va amodoBolv ota EAANVIKA PE TOV O0po «TaAdviwon». Evw o
opog “vibration” onuaivel «8dvnon», otnv oucia n &dvnon amoteAel éva €160G HUNXOVLKNG
ToAavtwong. MNa mapadelypa otnv MePIMTWon TNG «NULITOVOELS0UC TAAAVIWOEWS» TIOU KAAALOTA
uropet va anodobel kat w¢ «nuitovoeldng dovnaon»(sinusoidal vibration), emAéxBnke n mpwtn
anodoon wote va dlatnpnOel To XapaKkTNPLOTIKO TNG OLOLOYEVELAC EPOTOV TA GNUALVOUEVA TwV SUO
opwv eival mapeudepn kat dev Snuloupyeital kavéva TPOPANUA OTNV KATOVONGN TOU KELUEVOU.

Onwg ylvetat Katovontod AOUTOV oo TO TAPATTAVW TTOPASELYO, N OTPATNYLKN TTOU akoAouBnonke
WOTE VO QVTLMETWILOTEL TO MPOPBANUA TwV O0pwv e TOAATAEC amodOoeLg elval n emAoyn TNG
arnodoong mou epdaviletal Pe TN LEYAAUTEPN CUXVOTNTA O€ MOPAAANAQ ETILOTNOVLKA KELLEVA WOTE
va elval olKela 0TOUG avayvwoTeG Kat va amodeuxBouv oL mapavonoelg. Mapadeiypatog xapLy, ya
Tov 6po “wave-particle duality” emiAéxBnke n anddoon «KUPATOCWUATIOLAKOG SUTCUOGY, YLa TOV OpOo
“steady state” n amodoon «otabepn Kataotacn» K.o.

Qotooo unpéav MEPUTTWOELS OTLG OToieg ol anoddoelg Tou ayyAltkol 6pou ota EAAnvika Stédepav
opKeTA petafl toug (m.x. blackbody—>pélav ocwpa, aktivoBoAntig MAavk kot displacement—>
HeTaTomion, SLAvuoua PETATOMIOEWG). MPOKELWEVOU VAL YIVEL N CWOTH EMAOYI TOU OPOU, OTNV TTPWTN
TEPUTTWON €yLVE Epeuva Kal BPEBNKE OTL N KATOAVOLN) TNG EVEPYELAC OTLG SLAPOPEC GUXVOTNTEC YLa TO
HEAaV owpa kaBopiletal amo o vopo tou MAavk, YU auto Kal armodidetal Kot w¢ «aKTvoBoAntn¢
MAavk». QoTtd00, 0 OPOG AUTOC SEV XPNOLUOTIOLELTAL UE HEYAAN ouxvoTnTa Kal dev emAéxBnke. Ocov
adopa tnv deltepn mepinmtwon kat ot Suo amodooelg xouv 600l amnod tov . Ayyeddnoulo, SnAadn
€xouv tnv dla mnyn tekunplwong kat ¢aivetal va ival tooduvapol. MNa va dtamotwel av oviwg
LOYUEL KATL TETOLO, £YLVE €peuva YUPW OmMO TNV HETATOMION KoOwG Kol Ta Staviopata Kol
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SlamotwOnKe OTL N petatonion sival éva SLovuopaTtiko pHEyeBocg Kabwe PEMeL va ival yvwoTtr n
SlevBuvon kat n dopd TG, Kal SLaPEPEL Ao TNV AmOoTACH Ao To €va onpeio oto Ao (Hewitt,
2015:709). Emopévwg, ot Opol eival looduvapol kal eTAEXONKE 0 MPWTOC (HETATOTION), KABWC
eudaviletal cuxvotepa og mapAAAnAa Keipeva.

Anodoon Neoloylopwv:

Ooov adopd tnv opoloyia Twv EWOKWV KEWWEVWY, €va oUXVO TIPOBANUA amoteAel n opoAoyikn
afefatotnta. EKTOGC amd TNV TMapanmavw TEPIMTwon, Twv TOAAAMAWY omodO0EWY, ToU
QVTLUETWTIZETAL OXETIKA EVKOAA OGOV adopd TOUG TAYLWHUEVOUG OPOUG, UTTAPXEL KAl N TEPLTTWON
va NV €xeL amodoBel emionpua 0 0pog amo TNV ayyAkr pog tTnv EAANVIKN YAwaooa, eneldn elvat véog
Kall OV €XEL akOUa TTayLWOEL.

‘Evag TETOLOG Opo¢ elval 0 cUUMAOKOG 0po¢ “massive objects”. Evw otnv ayyAwkr yAwooa o 0pog
XPNOLLOTIOLELTAL APKETA oUXVA, oTNV EAANVIKN, N anddoaon Tou UTAPXEL LOVO HECA OTO APKTLKOAEED
MACHOQ'’s (Massive Compact Halo Objects), &nAadny MeyaAng Malag Zupumayn Avtikeipeva tng AAw.
Kata tnv €peuva, Bpebnke n olvadn “massive neutrinos” kat to apktikoAe¢o WIMPs (Weakly
Interacting Massive Particles). To eniBeto “massive” otnv mepimtwon tn¢ ouvayng petadpaletal we
«pallkog» (Hadika vetpiva) evw daivetal OTL EMIKPATEL ULlat cUyxuon yUpw amd Tnv anodocn tou
beltepou apkTikOAe§ou kKabBwg mpoteivovtal ol petadpdoelg «owpatidia peyding palog kot
a0Bgvolg aAAnAemnidpaong» kat «AcBevwg AMnAemiSpwvta Swuatibta pe Mala». EmAéxBnke
Aoumov w¢ Avon, n anodoon pe mopadpaocn. Mo cuykekplpéva, epocov o 0po¢ “massive” dev
ovadEpeTal anmAwe o€ avrikeipeva pe pala, oAAQ EUTEPLEXEL KOL TNV €vvold TOU «UEYAAOCY,
«TEPAOTIOCY, «TeEAwpPLog», amoppidbnkav ot amoddoelg mou dev améddav cwotd To vonua.
ErumAéov, n xprion tng YeVIKAG «LeyaAng palag» dev ouvnBiletal kat pnopet va Eevioel tov EAAnva
avayvwotn yU auto kot dev mpoTiunOnke. Zto KM Aoutov petadEpOnke w¢ «aVIKEILEVA PE LEYAAN
pala», 0pog EMeENYNUATIKOC KOl armAO¢ KaBwg Kal cUVTAKTIKA opBdg, ou o£Petal TIG SOUES TNG
YAWoooG oToxo Kal LeTadidel MARPWC TO VONLA TOU TIPWTOTUTIOU.

O 6pog “unitless number” emiong 6ev €xel kamola maywwuevn anodoon kot dev BpEBnke olTe o€
Ae€lkd oUTe Kal og mapaAAnAa keipeva. QoTO00 HETA amo €peuva oto Stadiktuo Stamiotwonke otL
TO MeyEON HE TOV XOPaAKINPLOUO “unitless” umdyovtal ota pey€On mou yapaktnpilovtol wg
“dimensionless”. Emopévwg, €ywve avalntnon tou opou “dimensionless number” kaiL Bp€bnke
UETADPOAOHUEVOG WG «adlaoTatog aplOuog/uéyebog». O TPOMOG e TOV Omoio £ylve n emaAnBeuon,
elval n avalitnon og LOTOTOMOUG Kal Epyacieg, mAnpodopieg yla tov «aplBud Reynold’s», o omoiog
ota EAAnvika xopaktnpiletal w¢ adidotatog aplOuog (BaAaPavidng, 2017:1). Zta AyyAka
xpnowornowouvtal eicou kat ot Vo oOpol (unitless, dimensionless) otav yivetat avadopd otov
aplOuo Reynold’s, emopévwg eival mpodaveg mwg eivat LloodUvapol Kal dev umapxeL TPOBAnUa va
amodoBouv Kot ot §U0 WC «adLACTATOCY.

AM\OG £€vag 0pog Ttou dev BpéBnke petadpacpévog ntav o 6pog “vibration plane”. Na tnv anédoon
Tou akoAouBnonke n mapakatw Stadikacia. Mpwta BpéBnke o 6pog “plane” wg «emimedo» Kot €yve
ouvOeon e Tov 0po «Sovnan». ITn oUVEXELA £YLVE avalTnon tn¢ ouvang Kat oto Stadiktuo aAAd
Kol 0 AgELKA TEXVIKWV Opwv, wotoco Sev BpéBnke moubevd. Ano ta mopandvw Tou emwonkav
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OXETLKA PE TIG SOVNOELG Kal TIG THAAVTWOELS (0TL SnAadr ol SoVAOELC ival UNXAVIKEG TAAAVIWOEL)
€ywe avalntnon tng ouvayng «emimedo taAaviwong» kKal Bpédnkav avtiotolya amoteAéopara.
Enopévwg emA€xBnke n 6eltepn amodoon adoul XpnOLUOTOLETAL ATTO TOUC ETLOTI LOVEC.

Juvtaén:

Ye oxéon HUE Kelpeva aMwv el6wv (Aoyotexvikd, Kelpeva yevikol evdladEépovtog K.a.), Ta eL8IKA
Kelpeva Slakplvovtal ylo Tov TEPLEKTIKO TOoUuG Adyo, KaBw¢ Kal yla TNV amAn toug cuvtaén. Qotoco,
TO Kelpevo mnyn 6ev MOpPoUCLAleEL OUTA TA XOPAKTNPLOTIKA Kal £XEL pakporepiodo Adyo, evw o€
KATIOLEG TIEPUTTWOELS Yivetal AavBaopévn xprion Twv onueiwv otiéng (r.x. Thus magnetic charge/ at
its center that as it vibrates). Ma T poakpookeAeic mpotaoelg, onwg “Thus magnetic charge... in
particle accelerators” kat “If the electromagnetic energy... momentum, and speed” k.a. eTAEXONKe
VO XWPLOTOUV O ULKPOTEPEG TEPLOSOUC, TIPOKELUEVOU va pPeTadidetal o evkoAa n mMAnpodopia Katl
Vo LNV POKaAE(TaL cUyXuon OTOUG OVAYVWOTEG.

as it vibrates... nearest neighbors, etc.: H ¢pdaon auvt anddobnke wg «mou kabwg Soveital...
eNMNPEALOLV TIG TTANGCLECTEPEG, KATL.». TOo MPOPANUA TIOU ETPETE VA OVTLUETWITLOTEL £6W NTav n A&€n
“neighbors”, n omola ivatl acadng kat dev Atav olyoupo o€ TL avadEpetat e€attiag NG EANEUTTIKNC
ouvtagng Kal TnG cuvakoAoudng mapainyPng mAnpodoplwv. Eywve Aoutdv €peuva yupw amo TiG
OPUOVIKEG TAAAVTWOELG Kal BpEBnke OTL he TN A€EN “neighbour” yivetal avadopd o€ €vav yeLTOVIKO
TaAQVTWTH TG 8lag cuvopotagiag pe Tov Keviplkd talavtwtn(Pain,Rankin, 2015:96). Emopuévwg,
€ylwve avaluon tng ékdpaong we £€Ng: “nearest neighbouring strings” kat diamotwOnke OTL N
nmAnpodopia mou EAAelnte ATav n A&En «xopdn», n omola Kol MPooTEBNKE 0TO UETAPPACHO WOTE VA
puetadobel cwotd to vonua.

MPOBANUA aVTIHETWIIOTNKE Kal otnv mpotacn “The photon is an obvious quantum state.”. Av
ywotav kot AéEn petadpaocn, Ba €Byalve To ocupmEépacpa OTL To GWTOVIO €ival pio KBavtiki
KOTAOTOON, TTPAYHA TO omoilo dev LoyUel kabwg cupdwva pe Tov Imupou (2006), n €vvola NG
KBaVTIKAG KatdoTtaong eivatl adnpnUévn KaL XpnOLLOTOLELTAL YLa VA TIEPLYPAY EL TNV KATAOTOON OTNV
omolia PBpioketal éva KBavtikd avtikeipevo. Ta dwtovia Aowmdv dev eival KBOVTIKEG KOTOOTACELG
oAAG pmopouv va PBpiokovtal os autéc. H mapoAiyov mapavonon tng nmpotaong odeiletal otnv
napaAnyn ¢ npobeong “in” (in an obvious quantum state). Htav umoxpéwaon Tou petadpaotnh va
evrtormiosl to AdBog, va mpoPel o £peuva Kal v amodwoel TNV mpotacn w¢ €ENG: «To pwtovIo
Bploketal mpodavwg o€ pila KBavtiky katdotaon».

“Substituting pT into the adiabatic equation”: Xtn ouykekpuuévn mpotaon Sev NTav cadeg pe Tu
TPEMEL VA avTikatootabei to pT wote va eloayxBet otnv adtapatikn e€iowon. To pripa «avtikadblotw»
npoiUmoBetel Vo dpoug, autdv ou avtikabiotatal Kal aUTOV Tou avtlkablotd Kal 6w Aeimel o
npwtog(edooov nmpoBeon into deiyvel otLTo pT Oa eloaxBel otnv e€lowaon). Emeldn dev ntav duvatod
va Bpebel mola tiun Ba avtikataotabei amnd to pT, eMAEXONKE N Letddpaon va eival 6co yivetal o
KOVTQA OTO TIPWTOTUTIO, € TO OKETTIKO OTL £VOC EUTIELPOG ETLOTHOVAC B0 TO KATAVOrOEL AUECWE UE
™ BonBela BEPaLa TWV MOPASELYUATWY KOL TWV EELOWOEWV TIOU TTapouacLlalovtol 0To KEIPEVO TINyNA.
H anodoon €ywve we €n¢: «Me avtikatdotacn Tou pT otnv adlaBatiki e€locwaon», e TOV TPOTIO QUTO,
TLAPOAO TIOU OL YVWOELG TOU HETAadpaOoTH €lval TIEPLOPLOUEVES Kal dev pmopel va e€axBel kamolo
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CUUMEPAOUO OO TNV €peuva, Sev UTIAPXEL Kivouvog va yivel AdBog kot va mapamoltnBouv ot
TIANPOdOpPLEG TOU KELPUEVOU TINY).

Entidoyocg

Emopévwg, oL SUOKOALEG TIOU ETIPETIE VO OVTLUETWIILOTOUV E(X0V VO KAVOUV TIEPLOCOTEPO HE TNV
opoloyia kat 6n tnv opoloyia mou dev €xel akoun moaylwOel. Evw ta mpoBARUOTO OXETIKA UE TO
TIOALTLOULKO {eVyog Kat Tn ouvtaén ntav Alyotepa. Autd lowg va cuppaivel adevog emeldn to KUPLO
XOPAKTNPLOTLKO TOU KELUEVOU €lval n opoloyia Kal adeTEPOU EMELSH O EPEUVNTIE KOLL CUVTAKTNG TOU
KELWEVOU TINYH, OKOTIO €XEL VA EVNUEPWOEL TOUG OEKTEG yla pLo €EEALEN OTO XWPO NG PUOLKNAG
KoopoAoylag kal emiteAel aplywg mAnpodoplakn Astoupyia xwpic va yivovtalr avadopeg oe
TIOALTIOUIKA. OTOLXELQ, TIOU OVTATOKpivovTal OTNV TMPAYUATIKOTNTA TOU €vOg amod Ttou¢ Suo
TIOALTIOMOUG. ETioNG 0 OUVTAKTNG TOU KELMEVOU E£XEL UNTPLKA YAwooo Ta AyyALKA Kol KOTEXEL TN
vYAwooa og uPnAo eninedo, adou n ovvtaln eival ev yEVeL apKETA KOAN EVw EAAXLOTA €lval KAl TO
AaBn otn xprnon Twv onuelwv oti&ng. Onwg yivetal avitAnmtd amno tov oXoAlaopd aAAA Kol amo tnv
ELOAYWYN, O HETAPPAOTAG EMPETE VO EXEL EVAL OTEPED YVWOLAKO UTIORABPO OXETIKA UE TO OEUATIKO
TeSl0 TOU KEWWEVOU TNy TIPOKELMEVOU VA KOTOVONOEL TO TIEPLEXOUEVO TOU KOL VA UMOPECEL VA TO
uetadpaoet (KeAavdplag,2016:136,137). Ta mpoPApata mou MPoEKUP OV OVTIHETWITIOTNKAV TO0O
ue Baon tn Bewpia aAAd meplocdTEPO Ue BAon TNV €peuva 0To TTESIO TOU KEWWEVOU TINYH KOL LE TN
xpnon mapdMnAwv Kewévwy. Méoa and tnv Stadikaocia emiluong twv mpoBAnuatwy gixa tnv
gUKaLPLa va TIPOTEIVW AoSO0EL; OpwV TToU SV €Xouv MayLwOEL, Kal aoxoAnOnka pe Eva oAU L8IKO
KELUEVO QTTOKTWVTOG £TOL YLa APECT EUMELpia TNG armdSoaon ¢ Tou atnv EAANVLIKH YAWood. To YEyovOC
OTL oL AUOELC €mpeTte va attlioAoynBouv, pe BorBnoe va katavonow tn HeETadpaoTiky) Bewpia kabBwg
KOl TOV QOUVELONTO TPOMO LE TOV OTOLO TN XPNOLUOTOLEL O PETOPPOOTNC KATA TN SLAPKELA TNG
HETAPPAOTIKAG SLadLKACLOG WOTE va EMITUXEL TO KAAUTEPO SUVATO ATIOTEAECO TIOU ETUTPEMOUV OL
LKAVOTNTEG TOU.
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