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Abstract. In the context of the Newtonian theory of gravity, the dynamical equivalence
of hydrodynamic flows with geodesic lines, in the interior of a bounded, gravitating perfect-
fluid source, results in the possibility of negative mass and, hence, of repulsive gravity. The
consequences are outlined for the overall picture of the Solar System and the large-scale
cosmological, structures, and some predictions are attempted based on some current and
mostly unexplained so far observational data.

1. INTRODUCTION

According to many current observational data, the realistic picture and morphology of
an astrophysical-cosmological structure differs greatly from its corresponding optical
picture. This is true for the Solar System, whose linear dimensions are of the order
of 105 AU, namely, approximately half the distance to the nearest star to the Sun,
and also for the Milky Way, whose linear dimensions are at least 200 kpc, almost ten
times larger than its optical linear dimensions (∼ 30 kpc). Similar arguments hold for
other types of galaxies and for even larger cosmological structures, namely, clusters
of galaxies and super-clusters of galaxies.Therefore, it appears appropriate that the
large-scale cosmological structures be treated as almost spherically symmetric, very
complex, practically continuous, and of much larger linear dimensions cosmological
structures than previously assumed. Consequently, the constituent elements of the
Universe and the Universe as a whole, can quite satisfactorily be treated as contin-
uous gravitational systems and, more specifically, bounded, gravitating perfect-fluid
sources, the physical-dynamical description of which is very well established at both
the Newtonian and the general-relativistic levels. So, we arrive at the very crucial
result, that the motions of and in these constituents should be considered as as hy-
drodynamical flows rather than geodesic motions. Now, in view of the wealth of
such observational data and strong indications, it has been suggested [1,14] that, in
both the Newtonian and the general-relativistic theories of gravity, and at all levels,
namely, cosmological [1,7,8,9,10,13], galactic [1,2,3,5,6,7,8,10,11], and stellar [1,2,4,6],
it is possible to give to the equations of hydrodynamical (and hydromagnetic) flow
motions in the interior of a bounded gravitating perfect-fluid source the form of the
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equations of the equations of geodesic motion in it. This approach is usually referred
to as the dynamical-equivalence approach.

It is exactly this dynamical-equivalence approach, that enables us to recast the
geodesic motions, mostly applied in the observational determination of masses, now
taking into account, as sources of geodesic motions, not simply the mass density but
all of the source’s internal physical characteristics (like e.g. mass density, pressure,
internal thermodynamic energy, velocities of both ordered and statistical thermody-
namic motions). Similarly, this approach enables us to determine the contribution to
the observationally determined mass of the fluid source of all of the source’s internal
physical characteristics.

In the context of the dynamical-equivalence approach, especially it has been proved
[1,11,12,14] that, in the Newtonian theory of gravity, the flows take on the functional
form of the geodesic motions in an explicitly known generalized potential contain-
ing, beyond the usual gravitational potential, also a part depending on the internal
physical characteristics of the source. Quite interestingly, the generalized density
producing the generalized potential can be positive, vanishing, or negative, defining,
respectively, positive, vanishing, or negative mass, and so causing, respectively, decel-
erated geodesic motion (attractive gravity), unchanged acceleration, and accelerated
geodesic motion (repulsive gravity).

Finally we recall, that according to the observations of the cosmic microwave back-
ground by the Wilkinson Microwave Anisotropy Probe (WMAP), the Cosmos is com-
posed of heavy elements (0.03 %), ghostly neutrinos (0.3 %), stars (0.5 %), free
hydrogen and helium (4%), dark matter (22 %), and dark energy (73 %).

In the following we shall briefly expose some the consequences of this equivalence
on problems like dark-matter problem, the flat-rotation curves problem, the problem
of the true linear dimensions of the cosmological structures, and, finally, the problem
related to the so-called Pioneer Anomaly Effect in the Solar System.

2. APPLICATIONS

In this section we shall give only a brief account of the planetary, stellar, astrophysical,
and cosmological consequences, explicit results on which can be found in the literature
at the end.

According the dynamical equivalence of the hydrodynamic flows and geodesic mo-
tions, the observationally determined mass is not the baryonic mass, m, but the
generalized mass, mv = m + mi where the internal mass internal mass, mi, is the
contribution to the observationally determined mass of the internal physical char-
acteristics of the source considered. I most of the cases of isentropic and isothermal
flows, mi(and the corresponding internal mass density) is a negative quantity. There-
fore, the baryonic mass is larger than the observationally determined mass, and there
is a plentitude not luck of baryonic matter, a conclusion of particular interest to the
dark-matter problem.

Furthermore, it has been proved that in the case of a spherically-symmetric, grav-
itating, isentropic perfect-fluid source, the total velocity of an equatorial, circular
geodesic orbit at a distance from the center depends, through an isothermal equa-
tion of state, also on the temperature and chemical composition of the source. It is
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straightforward to verify that, for an overall temperature of the order of 104K, the
(circular) velocity curve in the Milky Way remains flat for practically the whole op-
tical part of the galaxy, and continues so up to a radial distance of at least 200 kpc
retaining a constant value in the range ∼ 100−200 km/s, in agreement with standard
observational data.

Moreover, in the case of a super cluster of galaxies, additionally, the requirement for
a vanishing total acceleration (or, independently, the requirement that the thermal
velocities are not larger than the escape velocity at the free surface of the super
cluster) specifies the true linear dimensions of the super cluster, which are of the
order of those of the observable Universe. This prediction is in complete agreement
with the fact that no third-order clusters of galaxies have been observed so far (simply
because there existence is not necessary!!!).

Furthermore, in the stellar and galactic levels, the notion of the repulsive gravity,
predicted in the dynamical-equivalence approach, can be used to tackle problems like
the formation of the (stellar and galactic) winds, and, in the case of magnetohydro-
dynamical flows, of the (stellar and galactic) jets.

Finally, in the case of the (spherical) Solar System, from the functional form of the
generalized potential, on the one hand, one can determine the true linear dimensions
of the Solar System (approximately, 105 AU, in agreement with observational data),
and on the other hand, the anomalous behaviour of the acceleration of various space
probes can be explained, like the famous “Pioneer-Anomaly Effect”, and other similar
anomalies for other space probes.

It sill remains to be examined whether the dynamical-equivalence approach could,
in principle, be of some importance to the celebrated dark-energy problem, beyond
the one to the dark-matter problem.

3. CONCLUDING REMARKS

From all the above we conclude that, if we insist in using the notion of the geodesic
motions (inside and outside) of the cosmological structures for the description of their
physical motions and for the observational determination of masses, in conjunction
with the results of the dynamical equivalence, then the internal mass mi, due to the
internal physical characteristics of the source, is revealed to be there, it is negative
and, in many cases, absolutely it can largely exceed the rest (baryonic) mass of the
gas of the (corresponding region of the) large-scale cosmological structure under con-
sideration. It is interesting that this negative extra mass “shows up”, in planetary,
stellar, astrophysical and cosmological levels, when, in the context of the dynamical-
equivalence approach, the geodesic motion in the generalized potential is used, and
not when the standard geodesic motion of a test particle in the original gravitational
potential is used. Moreover, since the internal mass mi is negative, the observation-
ally determined mass of the cosmological structure is smaller than its baryonic mass.
These two general results can give a very simple, classical solution to the dark-matter
and the flat-velocity-curves problems. Finally, it is stressed that the derivation of the
these results is valid also in the exact general-relativistic theory of gravity, and that
in this derivation nor any modifications of Newton’s law of gravitational attraction
or of the Einstein equations are required, neither any other theories, beyond classical
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Newtonian and relativity theory, are introduced and used. Detailed results can be
found in the literature cited below.

Acknowledgements

It is a pleasure to express, from this position also, my sincere thanks to my colleague
Harry Varvoglis and all the organizers for their nice organizing and warm hospitality
during the Conference. Finally, as I said yesterday, “Dear John, We all wish that you,
in health, will continue your distinguished contributions to the academic community,
and we all hope that, in the future, we shall have many more opportunities to continue
these useful and pleasant interactions with you”.

References

Osterbrock, D. E.: 1989, Astrophysics of Gaseous Nebulae and Active Galactic Nuclei, Mill
Valley, California.

Kleidis, K., and Spyrou, N. K.: 2000, Class. Quantum Grav., 17, 2965.
Spyrou, N. K.: 1997a, in The Physics of Ionized Gases, Proceedings of the 18th Summer

School and International Symposium on the Physics of Ionizes Gases (Kotor, Jugoslavia,
2-6 September 1996), eds. B. Vujicic, S. Djurovic and I. Puric, Institute of Physics, Novi
Sad University, Yugoslavia, pp. 417-446.

Spyrou, N. K.: 1997b, in The Earth and the Universe, Volume in Honorem L. Mavrides, eds.
G. Asteriadis, A. Bandellas, M. Contadakis, K. Katsambalos, A. Papademetriou and I.
Tziavos, Thessaloniki, Greece, pp. 277-291.

Spyrou, N. K.: 1997c Facta Universitatis, 4, 7.
Spyrou, N. K. and Kleidis, K.: 1999a, “On the Nature of Nuclear Galactic Masses” Proceed-

ings of JENAM 1999, Samos.
Spyrou, N. K.: 1999b, in Current Issues of Astronomical and Planetary Environmental

Concern, Proceedings of International Seminar (Thessaloniki, 6-7 April 1999) ed. N.K.
Spyrou, Astronomy Department, Aristoteleion University of Thessaloniki, Thessaloniki,
Greece, pp.23-35.

Spyrou, N. K.: 2001a “Conformal Invariance and the Nature of Cosmological Structures”,
Invited Talk, Proceedings of The Conference on Applied Differential Geometry-General
Relativity, and The Workshop on Global Analysis, Differential Geometry, Lie Groups,
(Thessaloniki, 27 June-1July 2001) eds. G. Tsagas, C. Udriste, and D. Papadopoulos, pp.
101-107.

Spyrou, N. K.: 2002a, in Modern Theoretical and Observational Cosmology, Proceedings
of the 2nd Hellenic Cosmology Meeting (Athens, 19-20 April 2001), eds. M.Plionis and
S.Cotsakis, Kluwer Academic Publishers, Dordrecht, Vol. 276, pp. 35-43.

Spyrou, N. K.: 2003a, in Proceedings of the 10th Conference New Developments in Gravity,
eds. K. Kokkotas and N. Stergioulas, Kluwer, Academic Publishers, Dordrecht, pp. 90-96.

Spyrou N. K.: 2004, in Laskarides P. G., ed., Proc. 6th Helenic Astronomical Conference,
Editing Office of the Univ. of Athens, Athens, p. 229.

Spyrou N. K., Tsagas C. G.: 2004, Class. Quantum Grav., 21, 2435.
Spyrou N. K.: 2005, J. Phys. Conf. Ser., 8, 122.
Spyrou, N. K. 2006, in Proceedings of the International Scientific Workshop Cosmology and

Gravitational Physics, eds. N.K. Spyrou, N. Stergioulas, and C. Tsagas, Publishing ZITI,
Perea-Thessaloniki, pp. 57-66.

Spyrou, N. K. and Tsagas, C. G.: 2008, Mon. Not. R. Astron. Soc., 388, 187.

184


