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Abstract I propose a new paradigm to understand expan-
sion. In a non-preserving mass theory, space expansion is
driven by a slow continuous mass (or energy) erosion pro-
cess. I show that this proposal is formally equivalent to an
additional cosmic “evolution” force, which was suggested
previously to explain the flat rotation curves of spiral galax-
ies.

The energy equation shows how expansion is related to
gravitation and mass erosion.

According to this theory, the fundamental rectilinear
movement is exponential in time. More generally, it is also
shown how space, time and mass are inter-dependent. A cos-
mological equation is then obtained, similar to the FRW
equation. This proposal confirms Masreliez’s SEC theory
and is a candidate to replace dark matter and dark energy
hypotheses.

Keywords Expansion · Galaxy · Flat rotation curves ·
Cosmology · Dark matter · Dark energy

1 Introduction

The hypothesis of dark matter was firstly introduced to an-
swer the problem of flat rotation curves of spiral galaxies, by
J. Oort in 1932 and later studied by Rubin (Rubin and Ford
1970). It was also extended to the study of clusters of galax-
ies, gravitational lenses, cosmic background anisotropies,
etc. Today, the constitution of non-baryonic matter remains
controversial: will it be made of neutrinos, axions, super
symmetric particles, WHIMPS, MACHOS, or even some
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new recent Higgs bosons?. . . (Aprile and Profumo 2009;
Bertone et al. 2005; Bergstrom 2000).

The search for dark energy followed a comparable quest,
since Einstein introduced his famous cosmological constant.
Theoretical explanations and experimental processes were
boosted by the discovery of the accelerated expansion of
the universe (Riess et al. 1998; Perlmutter et al. 1997). Will
this missing energy come from the vacuum energy (despite
the enormous gap in the numerical values), variable energy
fields, antimatter, dark matter collisions?. . . (Uzan 2010).

Until now and in spite of many theoretical and experi-
mental efforts (Matarrese et al. 2011), the certitudes remain
very weak and the various observational results are contro-
versial and not fully convincing. Some observations estab-
lish limits on the exotic matter proportions and some recent
experiments fail to find it as predicted.

With 28 % of black matter and 68 % of black energy,
these “food of thought” seem to bring a lot of problems with
their proposed solutions.

A few alternatives have been proposed.
For the flat rotation curves, galaxy models have been at-

tempted, by a retro-calculation of the mass density to fit the
observed curve (Cooperstock and Tieu 2007; Mizony 2003).

More generally, two different theories were developed.
The MOND theory (Milgrom 1983), consists to modify
gravitation for low accelerations. It was applied with suc-
cess to recover the flat rotation curves (Cardone et al. 2011;
Sanders and McGaugh 2002), extended to other problems
and to a relativistic approach (Moffat 2008; Brownstein and
Moffat 2006; Bekenstein 2004). Similarly, a more recent
proposal consists to add an expansion term to the gravita-
tion potential (Hamaji 2014).

Based on the general hypothesis of space and time expan-
sion, the Masreliez Scale Expansion Cosmos (SEC) theory
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is also able to derive flat rotation curves (Masreliez 2012,
2004a, 2004b) and explain other physics anomalies.

My proposals are among the outsider essays to poten-
tially find a simple theoretical paradigm to solve those ques-
tions, without extraneous matter or energy having exotic
properties.

2 A new cosmic force, equivalent to a mass erosion
process

In a preceding paper (Fleuret 2014) I proposed to introduce
an additional cosmic force to explain the flat rotation curves
of spiral galaxies, without dark matter. This force was ex-
pressed as:

�f = m
ṙ

r
�u (1)

where m is the mass of the considered star, r its radial dis-
tance from the galactic center, and �u its velocity.

I showed that this “extraneous” force could also explain
the Tully-Fisher law (Fleuret 2014; McGaugh 2011), and de-
rived some cosmological consequences.

But I did not really give a direct causal explanation for
this new force, except that it could be a consequence of the
SEC theory.

I show here that this hypothetical force can be considered
as the expression of a non rest-mass preserving theory.

This unique principle—that each rest-mass (or rest-
energy) in the Universe could slowly decrease with time—
leads to simple explanations of complex phenomena such
as the flat rotation curves of spiral galaxies, and also the
accelerated expansion of the universe.

3 Mass erosion and universe expansion

Assuming that the rest mass could not be preserved (Rindler
2009), the gravitation force �F should satisfy the dynamics
equation:

⇀

F= −GmM

r2
r̂ = d

dt
(m�u) = m

d �u
dt

+ �udm

dt
(2)

where M is the cumulative galactic mass (up to r). G is the
gravitation constant and r̂ the unit radial vector.

In polar coordinates, this leads to the two equations for
the two components of md �u

dt
:

m(2ṙ θ̇ + rθ̈) = −rθ̇
dm

dt
(3)

m
(
r̈ − rθ̇2) = −GmM

r2
− ṙ

dm

dt
(4)

Since in spiral galaxies, according to experience, the trans-
verse velocity of rotating stars turns out to be a constant:

ṙ θ̇ + rθ̈ = 0 ⇔ rθ̇ = v0

This can only be obtained from Eq. (3) if the following
condition is satisfied:

−rθ̇
dm

dt
= mṙθ̇ (5)

Or—except the rectilinear radial movement (θ̇ = 0):

ṁ

m
= − ṙ

r
(6)

Which means that m should be inversely proportional to r .
In this case, the angular momentum remains constant (since
both v0 and mr are constants).

Another way to derive Eq. (6) is to consider that the grav-
itation force has no torque. Therefore, the angular momen-
tum must be constant, which implies Eq. (6) if v0 is constant.

Incidentally, it must be noted that any modified gravita-
tion theory using a central potential will not take care of the
needed transverse modification (Eq. (3)).

Under condition (6), it becomes clear that the variable
mass contribution appears to be equivalent of the proposed
force (Eq. (1)):

−rθ̇
dm

dt
= −rθ̇

(
− ṙ

r
m

)
= m

ṙ

r
rθ̇ (7)

−ṙ
dm

dt
= −ṙ

(
− ṙ

r
m

)
= m

ṙ

r
ṙ (8)

Finally after some calculation, the longitudinal equation (4)
leads to:

u2 = v2
0 + ṙ2 = rr̈ + GM

r
(9)

4 The energy balance

From (2), the energy equation is:

�F · �u = 1

2
m

du2

dt
+ u2 dm

dt
(10)

with:

u2 = v2
0 + ṙ2 (11)

Then, from (6), (10) and (11):

−m
GM

r2
ṙ = mṙr̈ − mu2 ṙ

r
(12)

Which (excluding the trivial ṙ = 0 solution), comes up to
Eq. (9).
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In this relationship, three terms are balanced: the grav-
itation potential, the kinetic energy and the mass variation
energy.

Equivalently, from (1), (6) and (10), the energy equation
can also be written as:

( �F + �f ) · �u = 1

2
m

du2

dt
(13)

where gravitation and our “equivalent cosmic force” (which
represents mass erosion) do contribute to the kinetic energy.

5 Case of the rectilinear “free” movement

It is significant to examine the case M = 0 and v0 = 0
(straight line movement without external force and no ro-
tation).

In this case, we have, from Eq. (2):

u̇

u
= r̈

ṙ
= − ṁ

m
(14)

and from (9):

ṙ2 = rr̈ (15)

which represents an exponential law:

r = r0e
ht ↔ ṙ

r
= r̈

ṙ
= h (16)

with:

m = m0e
−ht (17)

We verify that m is inversely proportional to r , and also to
ṙ , as predicted by Eq. (2) or (14).

From these results, we are tempted to consider that the
natural “free” movement is not linear in time, but exponen-
tial, the expansion being fed by mass erosion. This has not
been observed up to now because h is extremely small.

Theoretically, it can be envisioned that, in certain circum-
stances, h could be negative: a (locally) contracted universe
could contribute to a mass increase!

6 Space, time and mass (or energy) are
inter-dependent

Equation (9) can be solved to obtain the expansion rate ṙ
r

as
a function of r :

ṙ

r
= h(r) (18)

Then, from (6), the following equation is locally satisfied:

ṁ

m
= − ṙ

r
= −h(r) (19)

Or, equivalently:

dm

m
= −dr

r
= −h(r)dt (20)

And (under a choice of units to take care of the integration
constants):

Ln(m) = −Ln(r) = −h(r)t (21)

We are then leaded to conclude that space, time and mass (or
energy) are not independent. In fact, time appears to be the
measurement of mass erosion or (simultaneously) of space
expansion.

7 Cosmological consequences

Let us now consider the trajectory of a remote galaxy of
mass m.

M is now the mass of the Universe, up to distance r .
Assuming that the expansion rate does not explicitly de-

pend on time, Eq. (9) can be rewritten as:

ṙ

r

∂

∂r

(
ṙ

r

)
= v2

0

r3
− GM

r4
(22)

It can be integrated, leading to:

ṙ

r
= h(r) = ±

√

λ − v2
0

r2
+ 2

3

GM

r3
(23)

Or:

ṙ2 = λr2 − v2
0 + 2

3

GM

r
(24)

where λ is an integration constant. . . 1

For a homogeneous universe, the mass (or energy) den-
sity ρm(t) is inversely proportional to r3. Introducing the
usual notations (Hartle 2007):

ρm(t) = ρm(t0)
r3

0

r3
(25)

Ωm = ρm(t0)

ρc

(26)

where t0 is the present time, r0 the present distance and ρc

the critical density:

ρc = 3H 2
0

8πG
(27)

1This parameter λ has been abusively noted h2 in my last paper
(Fleuret 2014), presupposing that it should be positive, which is not
necessarily the case. Furthermore, the ±sign in Eq. (23) is also signif-
icant: it can be applied both to expanding or contracting parts of the
universe, and modelize cosmic flows.
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(H0 is the Hubble constant).
It is then obtained:

GM = 1

2
H 2

0 r3
0 Ωm (28)

Let us also introduce:

Ωv = λ

H 2
0

(29)

and

Ωc = −v2
0

H 2
0 r2

0

(30)

After the variable changes u = r
r0

and t̃ = H0t , Eq. (24) can
be rewritten as:

u′2 = Ωvu
2 + Ωc + Ωm

3u
(24b)

where the derivative is taken with respect to t̃ .
Since

[
( ṙ
r
)
]
r=r0

= H0, an additional constraint must be
satisfied. From (24):

H 2
0

(
1 − Ωm

3

)
= λ − ω2

0 (31)

with

ω0 = v0

r0
. (32)

Or, equivalently, from (24b):

Ωv + Ωc + Ωm

3
= 1 (31b)

The obtained universe evolution is formally identical2 to the
FRW model results (Hartle 2007) for a closed or flat uni-
verse (Ωc is negative or null). Incidentally, Eq. (24b) is the
same as the initial Lemaître result (Lemaître 1927) where he
had Ωc = −1.

Most of the characteristics of universe evolution can be
derived from (24) or (24b).

Let us recall that this result has been derived from a
simple Newtonian approach, as the 1934 Milne approach
(Dunning-Davies 2004; Milne 1934). The novelty is the in-
troduction of the additional cosmic force (Eq. (1)), an “evo-
lution force”, which is nothing else than the expression of
the mass erosion process.

The most important point is that the “cosmological con-
stant” λ is a logical consequence of our theory, and has noth-
ing to do with hidden extraneous matter or energy.

2The radiation contribution—which we know is small—has not been
considered here.

The universe evolution is driven by only two princi-
ples, as clearly illustrated by the computation of the second
derivative, from (24) or (24b), which, after some calculation,
leads to:

r̈ − v2
0

r
= ṙ2

r
− H 2

0 r3
0 Ωm

3r2
(33)

u′′ = Ωvu − Ωm

6u2
(33b)

where the first contribution comes from the evolution force
(or mass erosion, or space expansion) and the second one is
gravity.

Further developments will be needed to find out the deep
meaning of the 3 terms of Eq. (24), in comparison with the
existing cosmological theories and the observation results.

8 Conclusion

I have shown—in the context of the rotation curves of spiral
galaxies—that the proposed cosmic force (1) is equivalent
to the hypothesis of a slow continuous mass erosion process.
According to this new paradigm, the mass variation appears
to be the source of energy for space expansion. This novel
idea is much simpler than most existing postulates about a
modified gravitation or extraneous dark matter or energy.

Furthermore, these results do confirm the SEC theory,
as stated by Eq. (21) where space expansion, mass erosion
and “time expansion” are intrinsically related. This can also
be illustrated by the qualitative following argument. Since
energy is mass, and also frequency (E = mc2 = hυ), mass
erosion is equivalent to frequency decrease, which is due—
according to Masreliez’ SEC theory—to expansion of time
itself.

Acknowledgement I thank Dr. J. Masreliez for his comments on the
SEC theory.

References

Aprile, E., Profumo, S.: New J. Phys. 11, 105002 (2009)
Bekenstein, J.D.: Phys. Rev. D 70, 083509 (2004)
Bergstrom, L.: Rep. Prog. Phys. 63, 793 (2000)
Bertone, G., Hooper, D., Silk, J.: Phys. Rep. 405(5–6), 279 (2005)
Brownstein, J.R., Moffat, J.W.: Astrophys. J. 636, 721 (2006)
Cardone, V.F., Angus, G., Diaferio, A., Tortora, C., Molinaro, R.: Mon.

Not. R. Astron. Soc. 412, 2617 (2011)
Cooperstock, F.I., Tieu, S.: Int. J. Mod. Phys. A 22, 2293 (2007)
Dunning-Davies, J.: E.A. Milne and the Universes of Newton and Rel-

ativistic Cosmology (2004). arXiv:astro-ph/0402554
Fleuret, J.: Astrophys. Space Sci. 350(2), 769 (2014)
Hamaji, S.: Int. J. Phys. Sci. 9, 487 (2014)
Hartle, J.B.: Gravity, an Introduction to Einstein’s General Relativity.

Pearson Education, Upper Saddle River (2007). Ch. 18
Lemaître, G.: Ann. Soci. Sci. Brux. A 47, 49 (1927)
Masreliez J.C.: Apeiron 11, 99 (2004a)

Author's personal copy

http://arxiv.org/abs/arXiv:astro-ph/0402554


Astrophys Space Sci  (2015) 357:68 Page 5 of 5  68 

Masreliez, J.C.: Apeiron 11, 1 (2004b)
Masreliez, J.C.: The Progression of Time (2012). Masreliez, C. Johan,

Appendix III
Matarrese, S., Colpi, M., Gorini, V., Moschella, U.: Dark Matter and

Dark Energy: A Challenge for Modern Cosmology. Astrophysics
and Space Science Library, vol. 370. Springer, Berlin (2011)

McGaugh, S.S.: Phys. Rev. Lett. 106, 121303 (2011)
Milgrom, M.: Astrophys. J. 270, 365 (1983)
Milne, E.A.: Q. J. Math. 5, 64 (1934)
Mizony, M.: La Relativité Générale Aujourd’hui Ou L’observateur Ou-

blié. Aléas, Paris (2003)
Moffat, J.W.: Reinventing Gravity: A Physicist Goes Beyond Einstein.

Collins, Glasgow (2008)

Perlmutter, S., et al.: Astrophys. J. 483, 565 (1997)
Riess, A.G., et al.: Astron. J. 116, 1009 (1998)
Rindler, W.: Relativity, Special, General, and Cosmological p. 124. Ox-

ford Un. Press, London (2009)
Rubin, V.C., Ford, W.K. Jr.: Astrophys. J. 159, 379 (1970)
Sanders, R.H., McGaugh, S.S.: Annu. Rev. Astron. Astrophys. 40, 263

(2002)
Uzan, J.P.: Dark energy, gravitation and Copernican principle. In:

Dark Energy Observational and Theorical Approaches. Cam-
bridge University Press, Cambridge (2010)

Author's personal copy


	Expansion as a consequence of a rest-mass erosion theory
	Abstract
	Introduction
	A new cosmic force, equivalent to a mass erosion process
	Mass erosion and universe expansion
	The energy balance
	Case of the rectilinear "free" movement
	Space, time and mass (or energy) are inter-dependent
	Cosmological consequences
	Conclusion
	Acknowledgement
	References


