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TWO NEIGHBOURING GALAXIES
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OBSERVATIONAL DATA-INDICATIONS

According to many current observational data-indications:

The galaxies differ greatly from the simple picture of spiral or

elliptical galaxies. They appear as almost spherically-symmetric,

practically continuous, and of much larger linear dimensions

cosmological structures.

The observable Universe differs greatly from the simple picture of a

collection of galaxies (or higher-order cosmological structures) at

mutual distances much larger than their linear dimensions.

As a consequence, the constituting elements of the Universe and

the Universe, in its large extent, can plausibly be treated as

continuous gravitating perfect-fluid sources (the physical

description of which is well established in both the Newtonian

and the relativistic regimes).
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MOTIONS IN A GRAVITATING PERFECT-FLUID SOURCE

Two types of motion
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Hydrodynamical Flows

Geodesic Motions in the Fluid

Recall: These geodesics are different from the geodesics in
the vacuum (e.g. the motion of a planet around the
Sun).
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ISENTROPICITY OF FLOWS

For the isentropic flow motions the first thermodynamic axiom is assumed to

hold,

Π: internal thermodynamic energy (per unit mass) 

p: isotropic pressure
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DYNAMICAL EQUIVALENCE

BETWEEN FLOWS AND GEODESICS IN THE FLUID

The Euler Equations for the isentropic flows can be written

in the form

d
V

dt

p
V U

 

 
    

 





Results

The isentropic flows are dynamically equivalent to geodesic

motions in the generalized potential V

V is not the gravitational potential U “modified by hand”;

instead, it is a natural generalization of U resulting from the

assumption of isentropicity (for an isolated source).

Not a modified-gravity approach

In the generalized potential V, the volume element moves

as a point mass, but, now, carrying along all the internal

physical characteristic of the fluid source (not only its mass

density!!!)

Remarks
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GENERALISED MASS DENSITY

The generalized gravitational potential, V, obeys the Poisson-type

equation

where 

is the generalized mass density producing the generalized potential 

V (in analogy to the classical Poisson equation                  ,  with ρ

producing the usual gravitational potential U)
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Reasonable Necessity

The hydrodynamic flows, reduced to geodesic-like motions, are

preferable than both the initial flows and the initial geodesics.
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ATTRACTIVE GRAVITY OR/AND REPULSIVE GRAVITY

Attractive (usually) Gravity

Attractive gravitational acceleration decreases with increasing distance 
… a usual and typical property of attractive gravity!!!
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Consequence

Generalized Gravity can be attractive (through the gravitational potential U) 
or repulsive (through the thermodynamic potential               ). 
In the latter case, the acceleration increases with increasing distance 
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DYNAMICAL MASS IN ATTRACTIVE GRAVITY

For the source generally ρ is the total mass density
(baryonic and dark)

2υ
, 4π ρ,

d
U U G

dt
   

Circular equatorial velocity (in a spherically – symmetric source) 
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  Dynamical Mass
Is the 3-volume integral of the total mass density ρ
manifesting itself in the usual Poisson equation.

This is the usual meaning of the dynamical mass in the case of the attractive gravity
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DYNAMICAL MASS IN THE GENERALIZED GRAVITY

For the generalized source (                                             ), the density       contains, 
additionally to the total density ρ, the part ,                         , and so

Baryonic + Dark + 

Also, in this case, the dynamical mass is estimated, as before, through

where, now, 
Dynamical mass = 3-volume integral of      manifesting in the 

generalized Poisson equation, 
is different than the 3-volume integral of ρ

Question
Which dynamical mass to use, m or       ?
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ρV

Answer
In many cases we used       with encouraging results
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APPLICATIONS OF NEWTONIAL DYNAMICAL EQUIVELANCE

: Acceleration due to the point mass (spherically symmetric) central object

: Extra internal acceleration 

γc

γi

Source: Spherically symmetric, gravitating, perfect – fluid source, with a given 
equation of state   p=kρ (k>0)  and a given mass - density law ρ(r), usually, a 

Plummer – type law and with a central object of mass      . 
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Then, equations of motion:



A Note on the Constants

The constants MC, m, ρ0 and r0 depend on the source assumed
The density ρ(r) refers to both the baryonic matter and the dark matter of
the source.
The equation of state p=kρ refers to the total pressure of both the baryonic
and the dark matter, and k>0.
In some (not all) of the applications, the pressure is assumed thermal,

and, mostly, the pressure of the dark matter is ignored, and the density of
dark matter largely exceeds that of the baryonic matter
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Past Applications

1. Theoretical determination of the true linear dimensions of the Milky Way 
(HeL.A.S., 2003, Penteli, Greece)

2. Theoretical determinations of the true linear dimensions of superclusters of
galaxies (Cosmology and Gravitational Physics Workshop, 2006, Thessaloniki)
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“… This implies that the Galactic Corona, and, hence, the Milky Way galaxy
itself, possibly extends out to the Magellanic Clouds, and so the expected linear
dimensions of the Milky Way galaxy are at least 200 Kpc, almost ten times larger
than its optical linear dimensions (~30 Kpc) …”

“ … We conclude that only a few superclusters seem to be enough to comprise
the whole observable Universe. Quite interestingly, this result is in accordance
with and explains the fact that no third – order superclusters of galaxies are
necessary ( and so have not been observed up to now !!!) …”



Flat – Rotation Curves of Galaxies ( Hel.A.S., 2003)

Circular Equatorial Velocity ( z=r/r0)
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Flat rotation curves appear naturally, and ρi (mi ) is the necessary additional ingredient.
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A partial solution to the dark – matter problem??? 
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Further Applications  (Zagkouris)

1. Theoretical explanation of the Pioneer – Anomaly Effect

2. Theoretical determination of the true linear dimensions of the Solar System

3. Evaluation of the internal thermodynamic energy in the near and far regions

of the “new” Solar System

4. Further analogous predictions for other spaceprobes (e.g. New Horizons)
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(If simply baryonic, then                          )
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The Behavior of the Extra Acceleration

• After a certain distance, γi remains positive (outwards acceleration)
• It could explain the Pioneer – Anomaly Effect

Unexplained extra acceleration of Pioneer 10 : 
Suggested – evaluated acceleration of Pioneer 10 :

8 28.74 1.33 10 cm s
-8 -28.74311 10 cm s
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The Total Acceleration in the Solar System 

• γ is always negative inside the distribution, and it becomes zero at its boundary
• It sets a theoretically derived limit to the extent of the Solar System

  9 2 -2

0 4.01 10r cm s  

  8 2 21.43 10R cm s  

=0R =98.932 kAU 100kAUSolar System’s Boundary

Internal thermodynamic energy per unit mass

Distance to the A – Proxima Centauri~ 37%
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Basic Idea

Generalized gravity can be repulsive if ρV <0. Discrimination of the
regions of prevalence of attractive and repulsive gravities is the
vanishing of ρV.

5. Theoretical explanation of the formation mechanism of winds and jets
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The vanishing of the generalized density, ρV, is an algebraic equation for the
distance, r, from the origin.

The solution is called inversion distance, rinv.
For r<rinv , attractive gravity prevails
For r>rinv , repulsive gravity prevails

… hence the outwards acceleration necessary for the formation of the jet or
winds



6. Conformal Dynamical Equivalence in Classical Magnetohydrodynamics  (Tsagas)

The equations of motion of classical magnetohydrodynamics are put in the form 
of Newton’s equation of motion

   
2υ

, 4π ρ , ρ ρ ρ ρV V i P i B

d
V V G

dt
      

This is accomplished in three steps:

1. By a suitable redefinition of the pressure, so as to include also the magnetic 
pressure, the MHD equations of motion are put in the form of the Euler’s 
hydrodynamical equations of motion.

  0B B    
 

The magnetic field's contribution to ρV becomes important in the central regions 
of a magnetized large – scale cosmological structure
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2. This is possible, only if the magnetic field is characterized by a “zero - curl Lorentz 
force ”

3. Then, by a suitable redefinition of the internal thermodynamic energy of the 
magnetized fluid and of the condition of the adiabatic motions, the above Euler’s 
equations are put in the form of Newton’s gravitational equations of motion



7. Determination of the masses of clusters of galaxies (Plionis, Basilakos)

The determination, usually, is accomplished, by assuming a static source 
comprised of both baryonic matter and dark matter, in which the pressure 
contribution of dark matter is ignored, and the baryonic matter is used as a 
tracer of dark matter
The above method is generalized so as to include the total mass density (dark 
and baryonic) and total pressure of a non – static source, for which the notion 
of the spectral shift can also be used
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Then, the assumption of circular motions leads to the spectral shift directly 
related to observations.

This is an interplay of w and the constants appearing in the law ρ(r)

 2
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METHOD
Assuming an equation of state for the total pressure, p, and the total 
density, ρ, of the form

we find 

For a given ρ(r) an w, the generalized density ρV is evaluated, and then, by 
its volume integration, the dynamical mass mV(r) is determined

2ρ , 0p w c w 

2
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m d x

G

  
      

   




Cosmology, Collisional Dark Matter and CDE (Kleidis)

A Mathematical Exercise

Applying a conformal transformation

it can be proved that the equations of hydrodynamic flows in the metric                             
can be put in the form of the geodesic motions in the metric            with an energy –
momentum tensor             different (and explicitly evaluated) than the original one

 2Ω l

ik ikg x g

 ; 0ik

ik kg T 

ikg
ikT ikT

Astrophysical Significance of the CDE
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The notion of the classical test particle is “replaced” by that of a “fluid volume 
element” moving as a test particle and carrying along all the physical 
characteristics of the fluid source.

The conformal factor is, essentially, the enthalpy of the fluid source



Up to now, the interpretation of the cosmological observational data was done 
with the aid of the “classical test particle” without considering the thermodynamic 
content of the fluid source.

The notion of the “more (astro)physical test particle” has to be used in 
interpreting correctly the cosmological observational data.

In this way the cosmological observations can be confronted successfully and be 
put in a more physical context.

In short :

Dark Matter,      Yes !   (it appears enough !)

Dark Energy,       No ! (it does not appear as necessary !)
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Future cosmological perspective

Thank you for your patience and attention !!!


