“Alexandru loan Cuza” University of lasi

Physics Faculty

POST-NEWTONIAN EXTENSIONS OF GRAVITY
THEORY AND THE ROLE OF FUNDAMENTAL
PHYSICAL CONSTANTS

Doctoral thesis resume

Scientific advisor Candidate
Prof. Ciprian Dariescu, PhD PhD student Mugur Bogdan Raut

Iasi —2014



Table of content

INEOTUCLONY SPBACK. ...ttt sttt et s b e b et e r e sb e e e et e ne st e pg. 2
TaADIE OF CONTENL. ... et et s e sb e b sr et et enbe st e e e e e nns 3
F a1 Co o 0ot Ao o SRR PTRSRRRRP 6
Chapter I. The place of general relativity in present pRySICS.........cooueiirririenienie e 10
I.1. Notions about special and general relativity...........ccccooiiiiiiiiinii e 10
[.1.2. The prinCiples Of relatiVILy..........ccooiiiiiii e e 10
I.1.b. Time-invariance of the fundamental physical constants.............cccccevviinin i, 13
1.2. Experimental confirmations of general relatiVity............cccooe i 21
[.2.a. The advance Of PEriNEIION.......ccui i e 21
1.2.b. Rays of light deflection by gravitational field..............ccoooiiiin i, 27
I.2.c. Electromagnetic waves gravitational delay............cccceeiiiiiiiiinic e 31
I.2.d. Spectral lines redshift in gravitational strong fields...........cccocoviiininiici 33
1.3. Possible tests of general relatiVity..........ccoouoiiiioiiiiciee s 35
[.3.2. GravitatioNal WAVES. ...........oiiiiiiiiiiiee ettt sttt st et e et enbesneenreas 35
[.3.0. BIACK NOIES.....ceeei e ettt s 36
1.3.c. Variations of gravitational CONSTANT.............cooiiiiiiiii e 37
(08 g EoT o LT gl I =] (=T € [0 T TSRS 45
N[0 (TP TTPRPPTPPT 47
Chapter Il. The movement in non-inertial reference frames..........ccocooiiiniiie i, 48
[1.1. Two body problem in inertial reference frames...........cccooeiiiii i, 48
I1.2. The Newtonian deflection of light by the gravitational field.............cccooooiiiiniiniiiiien, 50
[1.3. The advance of perihelion in inertial reference frames..........cccocoe i 55
[1.4. Two body problem in non-inertial reference frames..........ccccoee i, 61
[1.5. The deflection of light by the gravitational field..............cccoiiiiini 63
[1.6. The advance Of PEriNEHON........c..i i e 65
1.7 EOLVOS EFFECT......o ettt et s e st sb e e e nneas 66
(@8 FoT o LTl | 0= (T =] =L PSSR 69
Chapter I11. The study of eliptical movement in different formalisms............cccccoviiiiiiniininnns 70
[11.1. Lagrangean formaliSM.........c.uo oottt sa e e 70
11.2. Hamiltonian formaliSm............oiiiiiiiie et e 74
[11.3. The spatial eliptical MOVEMENL............coiiiiie e e 76
[11.4. N-body problem in non-inertial reference frames.........cccooeeiinin i 83
(08 g EoT o LTl | =] (] =] TSRS 88
Chapter IV. A Newtonian alternative theory for MOND...........ccociviiiiiinin e, 89
V.1, IMOND ThEOTY.....uiitieitieieiie ettt s b e et et e e rbe b e e e e e neenae e 89
IV.2. The dynamics of galaxies and the dark matter: a Newtonian approach...........ccccoeevenee. 95
Y- W 1€ {0 T [N § o TSR PRTUR P RTRORRS 95
IV.2.b. Attractive forces and the dynamics of galaxies...........cccooovviiiiiiiiinin i 96
[V.2.c. P0OiSSON’S equAtioN VEFIFICATION. .........cooviiiiieiecie e s 99
IV.2.d. Repulsive forces and the dynamics of galaxies..........cccceoviiiiiiiiiiiecie s 100
IV.3. The Newtonian equivalent of cosmological constant..............cccooeieriinin e, 104
CRAPLET TV FEIBIENCES. ... eieie ittt ettt r e sb e et e s re et eneeseea e 105

Capitolul V. The variation of gravity constant with time
in the framework of the expanding UNIVEISE. .........cccoeuriiiiiiiieieee e e 107



N L I OQUCTION. ettt ettt ettt ettt et e et ee et e e e e e e eeaeeeeeeeeeeeeeeeeeeneeeeeneneneeenenenens 107

V.2. The variations of gravity constant in a Newtonian UNIVEISE..........cccooerviivirieeiieninsienseennens 108
V.3, Discutions OVer the MOEN..........coouiiii i e 111
CRAPLET V TEIBIEINCES. ....eieiie ettt ettt sttt ettt eb e sae e e e e e beenbe e 114
Capitolul VI. Allowed mass spectrum for scalars on Einstein branes in five dimensions.......... 116
AV B0 1011 oo [0 Tod £ o o 1SSV TRRUR 116
V1.2, WOTIPEA 5-D UNIVEISE. ...ttt sttt sttt st b nn e e 117
VI.3. Scalar fields inthe DUIK..........co o e 120
VI1.4. Scalar mass field 0N the DIrane...........coooiiiiiiiie e 122
(08 FoT o (T GV I =] (=] £ 0 To0 T PSRRI SPR 124
Capitolul VII. Multidimensionality or fractality?...........ccccceeiiiniiii e, 126
VI1.1. Morphogenesis of gravitational structures through a

non-differentiable hydrodynamics approach...........coveiiiiiin i 127
VI1.2. Mathematical MOTEN..........ooov oo e e 129
VI11.3. One-body problem in non-differentiable hydrodynamics...........cccccoooeiiiiiniiniinnnen, 133
VI1.4. Morphogenesis of gravitational structures in a

non-differentiable hydrodynamics approach...........oeoeiiiiin e e 137
VLS. CONCIUSIONS. ...ttt bttt s e et sb e nb et e e enbesaeesbeeneenneas 140
Chapter VI TEIEIEINCES. ....ocuei ittt et bbb et eneesnea s 141
CRAPLET VI FIGUIES....c.eeeieceie ettt st sttt eb e sb e e et e e en e seea s 144
Chapter VII1. The generalized gravitational potential.............ccccoveiiiiiiniiie e, 148
AV 1 0 11 o T [F o o o PP S PR 148
VI11.2. P0isson’s equation VErifICAtION. ..........coieiiiiie i 150
WL 3. DISCULIONS. ...ttt ettt et sttt et eb e e et e bt st es e sb e se e e e e beenbeeneeebeennenneas 152
VI11.4. The generalized gravitational potential of a multidimensional shell................cccccooc... 153
BV L W 11 (o (0ot A o o RO S TPRRPP 153
VIHLAD. N-dIMENSIONAI CASE....c.eeiiiiiiiieetie st e saea 154
VIHLA.C. CONCIUSIONS. ..ottt sa ettt s e st st ne e e enes 157
Chapter VI FEIEIEINCES. ....coueiiieieciie ettt b ettt st sb e e e nne s 157
AANINEX ALttt h e h ke h e e R R R e b e R e e e R e e e e e e n e e n e s 159
N 14 £ o ot A o o USSR 159
A2, Kaluza-KIBIN tNEOIY......eiiiiieiie ettt sttt s neeas 159
A.3. The ideas’ evolution after Kaluza-KIein theory..........ccocovriiiiii e 161
N Y T (o o T PRSP 162
A.5.Arkani-Hamed-Dimopoulos-Dvali (ADD) model...........ccooviiiiiiinniie e, 164
A.6.Randall-Sundrum I (RS1) MOGEL.......ccooiiiiiiie s 166
A.7.Randall-Sundrum IT (RSH) MOdel..........cooiiiii s 170
ANNEX A TETBIEINCES. ...ttt ettt et sb et et s e eb e e e e e e e enbeenes 174
FINAL CONCIUSIONS. .....eiiiiiieie ettt sb e et e s e sre e b srenne s 176
General DIDHOGIaPNY.......ooii et 179

PEISONAT WOTKS LIST......coeeeeeeieee ettt ettt e et e e e e e e e e e e e ereeeeeeeeeeeeees 185



Introduction

This doctoral thesis is dealing with the exceptions from the well-known law of
Newtonian gravity and the conditions they appear.

A first class of exceptions appears in the non-inertial frames of reference case. The
corrections to the Newtonian force are the additional terms which occur because of the
movement conditions, because of the measurements conditions, independent from scale and the
kind of reference frame we consider.

The second class of exceptions occurs ravitational force is subject to significant
transformations, on small and large scales compared to normal scale.

The contributions of this thesis investigates a large amount of ideas, orientations,
sometimes different, of the scientific research unsulved problems. The bonds of common reality
are made, where there is possibility, through experimental data, or, in other cases, through well-
known and consacrated theretical results.Although this thesis is a theoretical based on, it has the
right to contain a small dose of scientific speculation.

This thesis is structured in conformity with a evolution of ideas. Chapter | contains the
official point of view of present science, introductive elements of general relativity, with
confirmations and denials of this theory. Chapter 11 makes the study of non-inertial frames of
reference movement within a theory which is conceived itself like a generalization of the
Newtonian theory of gravitation and an alternative to general relativity, at small velocities and
energies. Chapter 11l studies the non-inertial frames of reference movement in different
formalisms and practically ends the part of the thesis dedicated to non-inertial mechanics. With
chapter 1V begins the study of modifications which we have to make to Newtonian gravity. In
this chapter | propose an alternative theory to MOND theory, the Modified Newtonian
Dynamics. Chapter V builds, based on a modified Newtonian force, a cosmological model.
Chapter VI represents an intermediate chapter to a multidimensional physics and exhibits some
original results concerning M theory. Chapter V11 shows an alternative to multidimensionability,
the fractality, and demonstrates how a non-differentiable space-time can induce a modification to
the Newtonian gravity force. In the final chapter, VIII, all the above results, concerning the
modifications of the Newtonian gravity force, are synthesized into an original theory.

Chapter I
The place of the general relativity theory in present physics

I.1.b. Time-invariance of the fundamental physival constants

Consider two different standards, time and length. The actual standard of time is, as
mentioned before, given by the frequency of the hyperfine transition of Cs atoms. In fundamental
physical constants it is:

(11)
&azcz 1

m h

n

where the meaning of these constants is known.
Similarly, the standard of length is defined by the wavelength of the Kr-86 near to A = 605,78
nm. In fundamental physical constants it is given by:

v, =M,



L = iizlh (1.2)
m, a’ ¢
If we consider (1.1) and (1.2) the time and length standards then they should be constant
by definition. It's hard to imagine the possibility that some fundamental constants can vary now
as a function of time and length. For example, no change of the quantity:
L2 (1.3)
Tl mn
could not be measured with our standard because we get to make some judgments that seem
childish. Considering each term in the right side of equations (1.1) and (1.2) a fundamental
physical constant, we could imagine in (1.3) the situation, a bit absurd, in which the expression
from the left side of the equation remains constant as a result of proportional variation of
constants a. and m, /m_ . We might ask then what bizarre correlation may exist between the

electron and the neutron mass ratio and fine structure constant components. We would think at
some point we somehow passed the strict physics and play only with some numbers.

Next step of our approach is to stop a little at the second pair of standards of length and
time necessary for the course of what follows. We are, of course, free to choose any length and
time we want as standards. We will adopt the second standard of time the Compton frequency of
electron, that means:

v, = meCZ% (1.4)

Unlike (1.1) and (1.2) this expression is simpler, contains no constants in the form of
reports and no fine structure constant. That is an advantage because if we choose an expression
for standard of length that contains about the same constants, when we do the report of the
standards of length and time we can get a simpler expression than (1.3), which can work more
easily. In this vein, we consider the standard of length, the radius in units of Bohr radius of
hydrogen atom:

L -1l (1.5)
m, c«

If we ignore the standards (1.1) and (1.2) then the reference standards are expressions (1.4)
and (1.5), they are constant by definition, and it would be very difficult to imagine a change in
the quantity:

L_2 (1.6)

T, a
to be the result of variation of fundamental physical constants from it. The situation is changing
if we try to compare the standards of the same type and how they vary according to which the
fundamental constants they contain. The most convenient would be to consider the simple
expression:

L_, (1.7)

Note that now one can easily imagine a variation of the fine structure constant, given that
a standard length remains fixed reference and the other would vary inversely with the variation
of the fine structure constant.

This would be the situation in the case previously considered. There might be reasoning
that would contain some variation of fundamental physical constants. However, in practice, from
experimental reasons we should issue a little differently. It's obvious that in our space-time



frames (1.3) and (1.6) is missing something. That something is the condition of measurability,
which is specific to quantum mechanics, not only to the theory of relativity. Time is measured
only by space and space only by time. We can not imagine an experiment in which to measure
them simultaneously. They measured each other with the condition to be known the speed, at a
time. Physical time, as we know it is only a measure of movement in a certain space with a
known speed. On the other side space can be measured only like duration of the movement.
Therefore, because our references for space and time (1.3) and (1.6) to be operational from the
experimental point of view we must to have a measurability condition, defined by:

LR (1.8)

pT
where n and p positive real numbers, which are required to define multiple elementary lengths
and times determined in experiments. Velocity c is known, otherwise we could make any
experimental determination, is a speed limit, the speed at which light travels. Of course, the
relation (1.8) must be understood only from practical reasons. A direct interpretation would lead
to some absurdities: it is clear that the Bohr radius of hydrogen is not measured by the Compton
electron frequency, to give just one example. In practice we only use multiples of these standards
and do not care where they come from, only care to be exact. Then, a speed faster than the speed
of light is specific to classical mechanics, while in the astrophysical observations is used only
information that reaches us here on Earth with the speed of light, a specific speed of quantum
mechanics. The speed of light must be understood only as a limitation of nature. If ¢ could vary
then we have not a space-time frame in which we can make reliable measurements.

So we have now the principles which can reconsider our problem. It is obvious that if one
takes into account (1.8), in relation (1.6), since c is fixed, it can be concluded that a is a constant.
Any variation of it, in a physical time frame, is null. If we consider now this very important
intermediate result in relation (1.3), taking into account (1.8), it results that the electron to neutron
mass ratio is a constant.

Now, if we apply a variation to the relation:

L, =al, (1.7°)
and we consider that the fine structure constant variation is zero then we have:
A, =adl, (1.9)

If we apply now a variation to the relation (1.7), it will result after an elementary
calculation:

Lo, —L,o, =0 (1.10)
From (1.9) and (1.10) follows:
A (al, —L,)=0 (1.11)

it results the invariability of standard length (1.2). This result, which is introduced in relation
(1.10), has as a consequence the invariability of standard length (1.5). And last but not least, from
the invariability of standard length (1.2) can be easily deduced that the variations of the Planck
constant and electron mass are simultaneously zero. Finally we conclude that the variations of all
physical constants contained in (1.1), (1.2), (1.4) and (1.5) are simultaneously zero if we set the
measurability condition (1.8).
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Chapter |1
The movement in non-inertial reference frames

1.5 The deflection of light by the gravitational field

In this case the procedure is similar, following the same reasoning as we see in the
previous case. The diferences occur because of rotation.
The starting point is the prime integrals (11.18) and (11.19). The equation (11.18) written
in form:
. C
0=—-o
r2

is multiplying with itself and it is dividing term by term with (11.19). It results::

do C 1
ar e @
J2h+2£ _c?
r
h>0
2h=ufa, C?=yale’-1)

From the above equation it results:

eed—j wAt

e cosh u-1
Taking into account the above results and that the integral is 7, we have:
A
00 = —oAt + E

result in conformity with [2].
A different result we find if we calculate the deflection according to [1]:

59:]3 (C—a)rz)

2 JJualecoshu—1)

Here, between constants we have the relation:
C=C,+C,=r’0+r’w

du-a-rx

meaning:

We have:
_ Com

du =
J\/Eecoshu 1) C

from which it results a more general expresion for the deflection:

59:7{&_1)+é=ﬂ-m +é=—72' w‘_{_é
C 2 C, +C, 2 T w+f 2




With the above expression we find something intriguing. If we take for  the same value
(-0”.0068/year) and for d6/dt=359degrees59’60”/year (the movement of Earth around the Sun)
we find that the contribution of the non-inertial movement is negligible. The result is also the
Newtonian deflection (0”.87), which is, as it is known, two times smaller than relativistic
deflection (A).

11.6 The advance of perihelion

The two prime integrals written as:
r%:J_r\/Zhr2 +2ur-C

and
d9 C-or?

_l’_
r\/2hr +2ur—-C

h<0, r=a(l-ecosu), C? =ya(1—e2), —2h=£
We find, after a simple reasoning:

2(1_ 2,
do = c du =22 (1—ecosu)*aesinu _

Jua(l—ecosu) . fua(l-ecosu)aesinu

a3
=..— [*—o(l-ecosu)du = wdt
7
(1-ecoshu)du = J%dt

2z
&ozj ¢ du-oTl -27 =-oT,
pa(l—ecosu)

From Kepler’s equation:

the advance will be:

Where T is the period and:

du—\/ﬁj

!,‘ ua(l—ecosu) 1—ecosu
as we find in [3].

We find something else, [4], if we observe that:

C-ar’=C,
We have, after a variable changing and similar calculi as in inertial reference frames case:
C
do= 0 du=

Jua(l-ecosu)



-

2z 2z YA
= 6w = !\/E(lfo du—27 = 1-€ !d—“—zﬂz 2727 =

ecosu) 1-ecosu 1_e?

:(&—1]272 S S VS .
C C,+C, 0+w

Now if we are taking for the motion of our galaxy m=-0".0068/year and for the rotation
of Earth around the Sun d6/dt=360 degrees/year we find that the advance of perihelion is far
from reality (5”.9 from observational data). Unfortunately we have the same situation with other
planets (Mercury: 43”.11, Venus: 8”.4) because the advance of perihelion calculate with the
above formula is very small, negligible.

Even we consider valuable the result last result the theoretical values for the advance of
perihelion are not comparable with the observational data.

The theoretical values calculated with general relativity are: for Mercury, 43", for Venus, 8.6
and for Earth, 3”.8.

11.7 E6tvos effect

We have:

a,=F-r@+w)” si a, =2f(0+w)+r(0+0).
The projections of forces acting on point mass P will look, after simplification and simple
calculi:

a, :—ﬂz—i"+ra)2+2ra)6'?+ ro?
r

a,=-r0-2r0-ro-2re
which are, without question, the same coordinates projections.

This observation is very important because it helps us to imagine a way to find out the correct
form of the equations of motion in spherical coordinates in a simpler manner. The existence of
previous section is justified not only by the deduction from other hypothesis than centrifugal
force variation of EOtv0s effect but to prove that the above equations are correct, [5]. The manner
in which ® was included in these equations can be extrapolated for the correspondent equations
in spherical coordinates. Consequently we have for the radial component of acceleration:

a, =f—r0% —r(d¢+w)?sin’0
The projected correspondent force acting on point mass P, after elementary calculi will be:

a, :_ﬁz—‘r# ré? + ro®sin® 6 + rg?sin? 0 + 2rwgsin® 0
r

Assume that radial velocity of the motion is constant; therefore its derivative will be null. If ®
is the angular velocity of the Earth then we can neglect also the correspondent centrifugal force.



It remain the non-null terms due to non-inertial motion and the gravitational acceleration If we
keep only the terms of interest then we can write:
ag =r0% +rg?sin® 0+ 2ropsin? 0
If we are taking into account that, for horizontal velocity of the body on the Earth’s surface,
its vertical velocity and the relation between altitude and elevation angle, the expressions are:

u=rgsing
v=r0
®=90-0

then we find an expression similar to expression found by E6tvos, in which the symbols have the

same significations:
u?+v2

ag =20ucosd +
r

Bibliography

[1] M. B. Raut- ,,Two body problem in a non-inertial frame of reference and the deflection of
light rays by gravitational field”, Bulletin of Polytechnic Institute of Jassy LI(LV), no.3-4, 63-
68, 2005;

[2] C. L. Bors — ,,.Devierea razei de lumind In mecanica newtoniand” — An. st. Univ. ,,Al 1.
Cuza”;

[3] C. 1. Bors — ,,Two — body problem in a non-inertial frame of reference and the advance of
perihelion” — Tensor, 53, 1993;

[4] M. B. Raut- ,,On advance of perihelion in a non-inertial frame of reference two body
problem”, Bulletin of Polytechnic Institute of Jassy L1(LV), no. 1-2, 57-62, 2005;

[5] M. B. Raut-,,0On the Eotvos effect”, Bulletin of Polytechnic Institute of Jassy LV (LX), no.
1, 101-107, 2010.

Chapter 111
The study of eliptical movement in different formalisms

111.3 The spatial eleptical movement



X O+ot N
fig.111.1-the schematic representation of spatial movement parameters: XN + Nx = @ is the
perihelion longitude, Nx=w —6', 8'=60+wt= XN is node longitude, i the slope, 7
perihelion passing time.
The six equations of perturbated movement are:

da__2 R \
dt n or
de  +1-e* R 1-e’ 4R
dt  na% ow n%a’eor
di 1 oR tanl/2 R

dt  na’1-e’sini 99 na?y1-e? 0o
do’ _ 1 R (a-f)
dt  na’y1-e?sini i

do _y1-e’ R  tanl2 oR
dt  na’e e pa’1_e? Oi
dr 2 0R 1-e?0R
- = ~ 4 -
dt n*ada n’a’e oe

where we note n= % )
a J

Let’s calculate now, as an example, the advance of perihelion.We have, hance:
o=0+at F=-H, Cpo# _C
r- . r 2r°  Ar
where:
F — is the gravitational force that occurs in non-inertial frames of reference
R — potential function from which we derive the above force.
From (e) we have:



do +1-¢° 8R tani/2 oR _+1- e’ ar tani/2
dt  na’e de na’1_e? i na’e 8e smiié+a)i
where it was considered equation (d). The derivative or/de it will result from expression

=a(l-ecosu):

or ( ) auj
—=al —cosu +esinu—
oe oe

from Kepler’s equation we obtain:
. ou ]
u—esinu=u(t-7), (u —ecosu)a—:smu
e

result replaced indr/de it will lead at:

or [
— =al| —cosu +
oe

The equation (e) will be:
ow \/ﬁ[ }a—cosu+e+ tani/2
ot nate | r° '] 1-ecosu sini(0 + o)
Taking into account the variable changing t — u we will have:
aw_\/1—7{—#+£}a—cosu+el—ecosu+ tani/2 1-—ecosu
ou nae | r* r*] 1-ecosu n sini(9+a)) n

esin’u _,—cosu+e
1-ecosu 1-ecosu

meaning:

0w 1-e® cosu-e +\/l—e2 cosu-eC  tani/2 1-ecosu
ou ae (l-ecosu)’  nae n ot sinilg+o) n

Taking into account:

T —1-ecosu
a
and:
C CCc,+2C,) o*r*+2w6r"
o r B r
we ahve:
So=1"+17+1°
where:
J»\/l e’ cosu—e d J‘\/l e’ —(1-ecosu)+1—e? iU
ae (1-ecosu)’ (1—ecosu)’
or:

*/1—9[|+(1 e’)l,]

The integrals 1, and 1, will be calculated using the general formula:



I, =

T du T du
> (1—ecosu)"  ? (1-ecosu)’
To solve this integral we must do the succesive variable changings:

-

tan%:z, u=2arctanz =
7= |=—%tan?2
l+e 2

after which we obtain a polynomial function, easier to integrate:

I, :%T(Hecow)“’ldgo =
(-e’)2 0
from which:
I, = 2z |, = 27 |3:M

Vi—e? 7 e

And the firs integral result will be:

E il

B all—e?)

The other two integrals are more easy to solve, and they are:

12 = Zj@ 2+*/_—8227;[m(

s (—cosu +e)olo+26 JJdu =2 w+20)|

0

_ % tani/2 1-ecosu a tani/2

_-!sini(6'?+a)) p u=2m wsinilf+o)

and the advance of perihelion will be [3]

soo T +27za2\#/1—e2 [a)(a)+26")]+27za\/% 1 tani/2

a(l—ez) O+w sini

|3
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Chapter IV
A Newtonian alternative theory for MOND

IVV.3 The Newtonian equivalent of cosmological constant

A potential with a form close to (6) has been used by Milne to derive the first Friedmann
equation from the energy integral:



812G ke  Ac?
p+—+ (7
3 a 3

where the term containing the cosmological constant has been introduced by postulating a so-
called expansion force. Nevertheless if we observe that equation (4) includes the term B,r?
which contains the Newtonian equivalent of a cosmological constant, one may reconsider
Milne’s derivation.

First thing we must do is to presume valid the potential (4). In other words to consider as

valid the hypothesis that the interior region of the supposed homogenous spherical shell will not
be an equipotent region. Consequently we have:

H? =

B 2
D, :Tl+ B,r @)

which is the potential (4) with B, = 0, an operation which simplifies (4) without the associated
force law being altered.

Then we have:

B, =GM,
where G is the Newton’s gravitational constant and M is the entire mass within the sphere, a
constant with respect to time,
Az 3
M = 3 p-r

and p is the mass density. We chose B, = GM = B, to be in accordance with Milne’s
derivation. Thus we expand the thickness of the spherical shell in vicinity of its center, in order
to have a good approximation between our spherical shell and a compact sphere. The constant
B, is presumed positive, it correspond to a repulsive force.

The force applied on a particle of mass m in motion within the potential (8) is:

m(d?r/dt?) = ~SMM L B rom (8"

I(.2

This equation will lead us, by integration, to an equation of form (7). Multiplying it with
the first derivative of 2r one will observe very easily that the left term is the derivative with
respect to time of square first derivative. The last right term is obvious the derivative with
respect to time of the repulsive potential. To calculate the first right term we need the expression:

dr .d 1. d. 51
a7 O Tl
which result by the fact that the entire mass within the sphere, M, is a constant with respect to
time and this leads to:
r dp +3pr° ar_ 0
dt dt

After we integrate (8’), introducing the scale parameter and replacing the integration
constant with another constant proportional with the ratio r/a it results, after an elementary
calculus, the energy integral:

872G kc?

H? = p+—5+2B, 9)
a

with k a dimensionless constant given by:



2E
mc?

There is a physical equivalence between the two equations, observed directly from
similarities between expressions (7) and (9). The only significant difference between them is the
fact that one is deduced naturally from equation (8), the other is deduced from a postulated so-
called expansion force.

In conclusion if we neglect equation (7) and set:

_ Ac?
3
we have been found a Newtonian equivalent for the cosmological constant.

k =

2B,

(10)
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Chapter V
The variation of gravity constant with time in the framework of the expanding Universe

V.2 The variations of gravity constant in a Newtonian Universe

To validate the solution (5) for the additional part of the potential (3), it is necessary that
this potential to be a solution of the Poisson equation. Since the potential (3), with solution
(5), is specific to a spherical shell universe, and not to a compact sphere one, it is
necessary to do a trick. So we must extend the thickness of the spherical shell near to its
center. Under these conditions, solving the Poisson equation is formal. To additional part
of the gravitational potential it will corresponds the energy density of the vacuum or the
dark energy density. Of course, the latter is the best solution. But has the disadvantage
that it is hard verifiable in practice. This is why we propose another solution to the
Poisson equation, which has the advantage that it can be easily verified in practice and
serves our purpose. What is it? To the additional part of the gravitational potential it will not
longer corresponds a density of dark energy but a gravitational constant of the form:
2B,r°

3M
To create a basis of comparison between the literature values obtained for the variation
of the gravitational constant presented above and our results we need to transform the

previous formula. If we make the derivative with respect to time and divide the result to
G we get:

G =G+

(dG/dt) _ 2B,r’H
G 3MG

(6)

where it has been taken into account the Hubble's law:



ﬁ=Hr
dt

Formula (6) can be simplified taking into account (5), the expression of the mass:
Arpr®
3
and equation (4), where it was made the assumption that we are in a flat space to be
consistent with current observational realities:
8rmpG H2_ Ac?
3 3
After a simple calculation equation (6) gets a much simpler and easier to implement
value:

M =

2 1
( G ) =31 H
H Ac?
If the value for the Hubble constant is in agreement with current observations, i.e. 70 km
/'s | MPs and the cosmological constant is10™°*m™, expression (7) has the
valuel11x10 ™ yr™,
Consider the equation (4), the first Friedmann equation. We apply to this equation the
condition written as:

()

GM /r? =Ac’r/3 (8)
If we write the mass M depending on matter density, the condition (8) will appear in a
slightly altered form:
47Gp = Ac? (8"
By introducing this condition in equation (4), it will result after some elementary steps
the Friedmann equation specific to this case:
H? =42Gp 9)
There is an equivalent relation to (9), which is obtained from equation (4) and condition
(8), but the expression is in accordance to the cosmological constant. We obtain the
formula:
H? = Ac? (10)
If in expression (7) is taken into account (10), we obtain after some elementary steps
the formula:
(dG/dt)/G=H/3 (12)
It is obvious that this formula is valid only if the relation (8) is valid. If we adopt a value
for the Hubble constant to be in unanimous acceptance of the international scientific
community, namely 2.20x10 5L then we can evaluate the expression (11)
as 7.25x10 yr A value, if we look compared to the experimental values presented in
the previous section, much closer to the experimental measurements than we expected.
An important consequence of equations (9) and (10) occur if we evaluate the ratio
between material density and critical density from which the universe is flat:
Q=plp,
Taking into account the mentioned equations we can calculate this ratio as:



Q=42Gp/H?* =Ac’/H* =1 (12)
a limit value, which it make us to conclude that this case, in accordance to the condition
(8), corresponds to the case of a static universe. If we actually go a little further with
reasoning and calculate the deceleration parameter proper to condition (8):
q=-da/a’
we see that to make this assessment it is easier to evaluate the second Friedmann
equation specific to this case. It is quite obvious that starting from the general form of
the second Friedmann equation:
H+H?=4d/a=—(42G/3)(p+3p/c?)+Ac?/3
where it takes into account the condition (8 '), the intermediate result is obtained:
H+H?=4/a=-42Gp/c?
With this intermediate result we can immediately assess the deceleration parameter:
q=-(d/a)@*/a*) = p/pc’
Now if we consider the state equation of the cosmic fluid:
p = wpc’

and an universe dominated by matter, w=0, it is obvious that we have the image of a
static universe. Using this last result we can answer the question: what kind of universe
is described by equation (4)? The ratio between material density and critical density
specific to equation (4) is:

Q'=8nGp/3H? (13)
The ratio of the expressions (12) and (13) can be calculated very simple and it is 3/ 2.
Now knowing that the limit value of the expression (12) is one, obviously it can be
inferred that the expression (13) is 2 / 3. So a subunit value, which tells us that the
universe is expanding forever, in matter domination epoch. Of course this is a purely
theoretical rough value, the difference from experimental values are reflected only in the
absence of matter and energy in the universe.
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Chapter VI
Allowed mass spectrum for scalars on Einstein branes in five dimensions

V1.3 Scalar fields in the bulk

In a space-time described by the metric::
dsZ =e®'@ds? + (dz)?

the real scalar field which generates gravitation is expressed by the following lagrangean:



212

1 4
L[@]="27 "D,P), + 5 > (V1.18)

which leads to the 5-dimensional Gordon equation:
2
O +4f D e [A—%]d) = 1’0 (VI1.19)

where A is Laplace-Beltrami operator in 83,

2 2
A:i2 : ! i[sin(2(9)1}+ 12 0 ~+— 12 4 > (V1.20)
a’ |sin(20 0O 0®] c0s°O® da” sin“O o

After variable separation:

o=F(0,u,p,t)-Z(2) (VI1.21)
the Gordon equations (V1.19) splits into the following system of decoupled equations:
0° 2 M?
a A-—JF-——-F=0
@ [ ot? 3a® k®
d?z dz M2
b +4kcoth(kz +C)— +[———————*]Z =0 V1.22
(®) dz2 k0 ez aarc) 4 Vi1-22)
By introducing the notations:
2 2
w:kz+C,772:|\|il2 ,52:’::—2 (VI1.23)
and the new function G(w) = sinh®?(w)- Z (w) , equation (V1.22.b) turns into:
9 n
) g
d ('2; +c0th(w)d—G— (52 +Ej+_4—2 G=0 (VI1.24)
dw dw 4 ) sinh®(w)

being of the same form as the one satisfied by the toroidal functions:

2 2
0 cothwy QU —[12 -2 Mg
dw dw 4 sinh®(w)

which are equivalent, after a coordinate transformation, with the associated Legendre functions,
[13]. Thus, the solutions (V1.22 b) are:

2.y =sinh*"?0.G, (V1.25)
with G, = {PlTl',z(cosh ®),Q™,,(cosh a))}, while guantization conditions:
2Bl 8 e e (V1.26)



lead to the following nontrivial mass spectrum, [9]:
w’=(1-2)(1+2)k>. (V1.27)

Obviously, this is affecting the scalar evolving in the brane, whose mass takes only the following
values:

2 1.3 2 5 4 3
o0t = - mi]={0

o 573 } (V1.28)

w
[ERY

for m e{i—,il,i—, }

N
N

V1.4 Scalar mass field on the brane

Let us come from the bulk into the brane, along constant space dimensions and derive the
propagator of the scalar field described by the Gordon equation (V1.22 a) with the mass spectrum
(V1.28).

For the orthonormal set of eigenvalues A (0, «, f)

AN +(w? —m2)A, =0 (VI1.29)
with A given by (V1.20), we apply the variable separation:
Ay (0,2, B)=0(0)A(a)B(B) (V1.30)
and get:
Ala) =™ ,B(p) =™ ,m,m, eZ (V1.31)
and the following equation for ®
2 2
1 i(sin(2@)ﬂj+ a?(@?-m2)-—2 T g (v132)
sin(20) dO de cos“® sin“®
With the change of variable {=cos(2®) and the new function:
O(0)=(1+&)* (1-8) 2U(8), (V1.33)
the equation (V1.32) leads to a more familiar one:
2,
@a- 52)278[@2 -m)+(m, +m, + 2)5]3—2 Error! Bookmark not
defined.
Error! Bookmark not defined.
(VI1.34)

+%[a2(a)ﬁ2 —mZ)—(m, +m,)(m +m, +2)JU =0

satisfied by the Jacobi polynomials, [13]:



U (&) =P™™(¢) (V1.35)

where:

Pn(mz,ml) (é:) _ (2_r1—1):(1+ é:)—ﬂh (]__ é‘f)—mz
n!

dn n+m n+m
x—[@A+&)"™(1-8)""] (V1.36)
d¢
with the spectrum:
4 m m m m
2=mi+—M+—+—2)(n+—=+—2+1):neN VI1.37
@y +a2(+2+2)(+2+2+)e ( )

By introducing the new quantum numbers:
m':%(mﬁmz),m:%(ml—mz),j:n+m (V1.38)

and the factor:

{(Hm')!(j—m')!}
(j+m)'(j—m)!

we set up with the following orthonormal complete set of solutions of Laplace-Beltrami operator
3
on S-,

A;(0,a,B)=

2 JV+ 1ei(m'—m)ﬂijvm (2®)ei(m'+m)a

=D! (0,a,5) (V1.39)

where V = 27°a? is the volume of the sphere and W _(20) are the Wigner functions

Wi (20)= {“—_* UPL m')!} (c0Os®)™ ™ (sin @)™ ™
(j+m)t(j—m)!

x P (c0s(20)) (V1.40)

As in the well-known quantum field theory formalism, we express the field operators in
terms of the complete set of eigenfunctions as:

¢(X):Zzz{a+(j,2r;, m) ort a_(j,m,m) e—iwﬁt]_ D/

i om om 20,

(V1.41)

_(I) (X):ZZZI:weiwﬁt +we—iwﬁt} Enim



where b, (i) =a (i), b_(i)=a, (A1) so that the propagator, defined as:
DY (%,x) = <0\T [6(7()@(x)]|0>

will be concretely given by:

DX =Y Y 320, O~ expl-ia, E D]

Jom=—jm=—]
+O(t-D)expl-io, (t-OD), (0,@,8)-D}, (©,a,8) (V1.42)
Finally, the discrete energy spectrum (V1.37), with the notations (V1.38), reads:
, 1.3 2 , ..
c=—l=-——m +4j(]+1 V1.43
a)n ag [2 3 | J(J )] ( )

and one may notice that, for each quantum number j, we have four distinct @, values,
corresponding to the allowed scalar masses in the brane (V1.28), [14].
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Chapter VII
Multidimensionality or fractality?

VI11.1 Morphogenesis of gravitational structures through a non-
differentiablehydrodynamics approach

Taking into account the complexity of the phenomena implied in the morphogenesis of the gravitational
systems, we assume that the dynamics of these systems imply the fractal structure of space [2, 10, 11,
24-26].

If such an assumption works, then the dynamics of the gravitational systems in a fractal space are
described by the covariant derivative [27-29]:

d o0 ~ . 204
E:§+(V-V)—|DA,D:D(dt)[Dpj (@)
where \7 is the complex speed field
V=V, -iV, )
Here V, is the standard classical speed (differentiable speed), which is independent of scale resolution

(dt), while the imaginary part, V., is a new quantity arising from non-differentiability (the fractal speed),



which is resolution-dependent; D is a structure coefficient, characteristic to the fractal-non-fractal
transition, scale resolution and fractal dimension De dependent, and A is the Laplace operator.

We note that the use of any Kolmogorov or Haussdorff definitions [24 — 26] can be accepted for fractal
dimension, but once a certain definition is admitted, it should be used until the end of analyzed dynamics.
Moreover, our operator given by Eq. (1) is more general that the one of Nottale from SR [2, 10, 11].

Indeed, for movements on fractal curves with Do = 2 (compatible with Brownian type movements) the

operator given by Eq. (1) takes the form from SRT [2, 10, 11]

d o (¢ .

—:—+(V~V)—|DA

dt ot
Applying the operator given in Eqg. (1) to the complex speed field given by Eq. (2) and accepting the
Newton’s second generalized principle [2, 10, 11], in the form

VN _ v
dt
we obtain a Navier-Stokes-type EQ.:
%—Y:%ﬂ\?V)\?—iDA\hVU:o @3)

where U =GM_ m, /r is the gravitational scalar potential with G the Newton’s constant, M the rest

mass of the gravitational source, M, the rest mass of the test particle and r the source - test particle
distance.

Equation (3) means that at any point of any non-differentiable path, the local acceleration term, 8t\A/, the

non-linear (convective) term, (V-V)V, the dissipative term, AV, and the force term, VU , make their
balance. Therefore, in a fractal space the gravitational system can be assimilated with a “rheological” fluid

with imaginary viscosity, iD(dt)(ZIDF H, whose dynamics is described by the complex speed field V.

N

Moreover, since V is a fractal functions [2, 10, 27-29], and presents self-similarity properties, some
important correspondences with the holographic gravity [30, 31] can be realized.
If the motions of the gravitational system are irrotational:

VxV=0,VxV, =0,VxV, =0 4)

we can choose V of the form:

N

V==-2iDVIny
For v = \/;eis , with 4/ p the amplitude and S the phase of y, the complex speed field given by Eq. (2)
takes the explicit form:
V =2DVS-iDVInp
V,=2DVS (5)
V. =DVinp

By substituting Eq. (5) in Eq. (3) and separating the real and the imaginary parts, up to an arbitrary phase
factor which may be set to zero by a suitable choice of the phase of y, we obtain:

oV,
ot

mo[ +(VD 'V)VD]:_V(Q+U) (6)



%O+V-(pVD)=O @)

with Q the non-differentiable potential:

/ 2
Q=-2m DZA pz—mOVF—m D-V-V, (8)
0 p 2 0 F

2

and m, the rest mass of the fluid "entity”.

The non-differentiable potential given by Eq. (8) comes from the non-differentiability of the movement
curves and has to be treated as a kinetic term, not as a potential term. Moreover, the non-differentiable

potential Q can generate a viscosity stress type tensor. Indeed, in the form:

) 2
Q:_mOD2 Vip_1f Ve (41)
p 20 p

the non-differentiable potential induces the symmetric tensor
V.p)(V
oy =mD’pV,V, In p=mD* [vivkp_w} (42)
yoj

The divergence of this tensor is equal to the non-differentiable force density associated with Q :

V.o=-pVQ (43)
The quantity o can be identified with the viscosity stress type tensor of a Navier-Stokes type equation:
dVv,
m, 0 dtD =V.o (44)

The momentum flux density type tensor is
Ty = PVpi Vo — Oy (45)
and it satisfies the momentum — flow type equation

o
M= (PVp)=-V-7 (46)

In order to complete the analogy to classical fluid mechanics, we introduce the kinematical and dynamical
type viscosities:

1
v=—D (47)
2
1
The quantities v and g are formal viscosities, both of them being induced by the fractal scale. Then, the
tensor o; takes the usual form:
oV, oV,
oy = | —E+—F (49)
oX,  OX

Particularly, if oy is diagonal, oj = 09ji , Egs. (6) and (7) take the form:

Vo

F;D +(V, -VVD)} =- (50)



0

LAV (pV,) =0 (51)

Equations (50) and (51) define, formally, a classical type hydrodynamics.

Further, using these equations for a plane symmetry, we can suggest another solution for the
morphogenesis of the gravitational structures, without any need for an inflationary phase.

Thus, considering a barotropic type fluid, o = pcz, where c is the speed of sound in the fluid, and
introducing the normalized coordinates

V k
a)t:‘[’kX:g’ky:n,VXk :Vf:,L:V’]’ﬁz N’ﬁ:l (52)
® ® Lo ®

where @, k and pqare critical parameters of the fluid, the Egs. (50) and (51) become:
0 0 0 oN

E(NV§)+%(NV§2)+%(NV§VU)=—£ (53)
8 0 0 oN
E(an)+%(Nv§vn)+%(Nvf)=—% (54)

N o 0
E+%(Nv§)+%(an)=o (55)

For the numerical integration we shall impose the initial conditions
V.(0,£,7)=0,V, (0,£,7)=0,N(0,£,7)=1/5,1<£<2,0<p <1 (56)
as well as the boundary conditions
V, (z.177) =V, (T, 2,n)=0, Vv, (7,1,77) =V, (T, 2,77) =0
Vé (1, 5,0) :ch (T,f,l) =0, V,7 (r, ,0) :V,] (T,f,l) =0
N(z,1,7)=N(z,2,7)=1/5
2 2 (
1 r-1/5 £-3/2
N(7,5,0)=—exp|—| ——| |exp|—| Z——
(69)= 3500 T5° 00| {557
N(7,&1)=1/5
The Eqgs. system (53) — (55) with the initial conditions given by Eq. (56) and the boundary ones given by

Eq. (57) was numerically resolved by using the finite differences [40] (implemented by means of the
NDSolve function in Mathematica 8.0).

57)

We present in Figures 2 a, b — 4 a, b the numerical solutions for the normalized density field N (5,77)-
Figs. 2 a, b, for the normalized velocity fieIdV§ (&,m) - Figs. 3 a, b and for the normalized velocity field

V}7 (¢,m) - Figs. 4 a, b, at the normalized time sequence 7 :1/2, both three-dimensional solutions (Figs.

2a-4a) and through contour curves, two-dimensional solutions (Figs. 2b-4b).
Inspection of these numerical solutions shows the following: i) the normalized density field is of soliton-
package-type [41]. Such numerical solution can explain for example the mass distribution of planets in the

inner and outer of our solar system; ii) the normalized speed field V§ is symmetric with respect to the

symmetry axis of the spatio-temporal Gaussian (fig. 2b); iii) vortices and shock waves type are induced at
the periphery of structure for the normalized speed field V” (fig. 3 b). Therefore, the non-differentiability

of the space at large scales involves a transformation of the equations of motion into those of a



macroscopic non-differentiable hydrodynamic system. As a consequence, there is a tendency to form
gravitational structures at any epoch: these gravitational structures are described by the probability
density distributions given by the square of the modulus of the probability amplitudes, which are solutions
of this non-differentiable hydrodynamic system. The non-differentiable approach is fundamentally different
from the classical one. The loss of determinism of individual trajectories is compensated by determinism
of gravitational structures. At each epoch, stationary solutions may correspond to the shape of the non-
differentiable potential and the limiting and matching conditions. These gravitational structures also
evolve (as given by the time-dependent non-differentiable hydrodynamic system) in correspondence with
the evolution of the environment [2].

It is possible that the El Nabulsi version of General Relativity [42] gives a complete answer to the
problems previously mentioned. Moreover there is a tendency to form gravitational structures at any
epoch with no need for an inflationary phase given the fractal structure of space (for details see [43-45]).
We note that the use of fractal physical quantities in the description of the motions does not imply an
inflationary phase (for details see [2]).
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Chapter V111
The generalized gravitational potential

The condition:

VnnO'OCn_Z r+a
M@y = Iﬁq)(ﬁ)dﬂ
r-o
has the solutions:
G
O (r)=—"
(=7 )
with the equivalent mass:
m, =V,noa""
and the corresponding Yukawa-like potentials:
Ge™* G,e”"
o =——, o) =" (8)
r r
with the equivalent mass:
_» sh(éa)
M, =V,noa" " —>—=
The general solution:
1Y
D=0 +O, 9)

with the equivalent mass:

mo = Zmiq)i (10)

is the same as the one obtained in [11]. Nevertheless, [12] was stated that in a n-dimensional space
® ~1/r"?. To be in accordance with this statement we must modify the equation (6) as follows:

_ V,noa"? -
MLy = o B0 pdp (11)
r—a

This equation has the solutions:

O, = (12)




and:

y Ge . Ge*"
1y v
Q) = @y = 2 (13)

r

with the same equivalent masses as (7) and (8).
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Final conclusions

The testing of non-inertial frames of reference dynamics, which has been made by us in
the first part of this thesis, on some ,standard” examples concerning the theory of relativity,
brings, once again, another confirmation of general relativity, written by A. Einstein (see
chapters I, 11 and I11). The results about perihelion advance, the deflection of light rays by static
gravitational fields and the redshift of photons emited in strong gravitational fields, are very
eloquent in this sense. A supplementary argument is the study of E6tvos effect, which is also, a
strong characteristic of the thesis. Because the initial theory, belonging to E6tves, is pronounced
intuitive, we tried, in this thesis, a better mathematically fundamented theory, which is in a better
accordance with the heuristic principle (see chapter Il). In addition, in the second part of the
thesis, we had elaborated, in chapter IV, a Newtonian extensive theory of the MOND (Modified
Newtonian Dynamics) description, which is based on a generalized gravitational potential which
allow to embed the dark matter action in the dynamics of galaxies. Nevertheless, our version,
conceived, at least, as a complement to MOND theory, is based on physically reasonable causes
and explains a large variety of experimental data concerning the movement of galaxies.

The post-Newtonian cosmological model, elaborated in chapter V, generates a ,,never
ending Universe”, in accelerated expansion, in which intergalactic and extragalactic radiii are
increasing, accordingly with the actual observational data.

In chapter VI we have studied an extension of gravitation based on the evolution of
scalars within an Einstein Universe part of a 5-dimensional space. We obtain the orthonormal
complet set of Gordon equation solutions and the mass spectrum. This is including the the
discrete values, allowed, of massive scalar on the brane, according with an exact solution of 5-
dimensional Einstein-Gordon equations.

Chapter VII analizes the morphogenesis of some gravitational structures, under
hypothesis that the dynamics of a test particle in the gravitational field takes place on the
continuous but non-differentiable curves. The dynamics of such gravitational systems is, firstly,
described by a Navier-Stokes-like equation for a complex speed field which characterize its
rheologic (with memory) behaviour. Therefore, the movement separation at the interactions
scales within tha dynamics equation implies a non-differentiable hydrodynamics model. Finally,
this aproximation was applied to the one-body problem and to the two-body problem and, trough
a numerical simulation, to the morphogenesis of some gravitational structures. Consequently,
intragalactic scale quantization (Solar System) and extragalactic scale quantization (Tifft’s



effect) impose some modifications to the Newtonian gravitational forces. In the same time, there
exist a tendency of forming gravitational structures at any epoch, without to take into
consideration a inflationary phase.

Chapter VIII is an attempt to generalize the well-known expression of the gravitational
potential for more than three dimensions. We have used the Sneddon-Thornhill vision of the
Newtonian gravity theorem and, then, we verofy our results with the Poisson’s equation. The
comparison with other theories it suggest some restrictions, but our results, generally, are valid
until the experimental data will invalidate them.

Personal works list
ISI papers

(1) M. A. Dariescu, C. Dariescu and M. B. Raut, Allowed mass spectrum for scalars on Einstein
branes in five dimensions, Roumanian Journal of Physics 55, no. 9-10, 971-979, 2010;

(2) M. B. Raut, S. Toma, M. Pricop, V. Barlescu, D. Timofte, M. Agop, E. Moraru,
Morphogenesis of structures, informational entropy and uncertainty relations in complex fluid
via non-differentiability, Wulfenia Journal 21, no. 2, 245-261, 2014,

(3) N. Mazilu, M. Agop, C. I. Axinte, E. Radu, M. Jarcau, M. Gartu, M. B. Raut, M. Pricop, M.
Boicu, D. Mihaileanu and L. Vrajitoriu, A Newtonian message for quantization, Physics Essays
27, no. 2, 204-214, 2014

B+ category papers

(1) M.B.Raut, On advance of perihelion in a non-inertial frame of reference two body problem,
Bulletin of Polytechnic Institute of Jassy LI (LV), no. 1-2, 57-62, 2005;

(2) M.B.Raut, Two body problem in a non-inertial frame of reference and the deflection of light
rays by gravitational field, Bulletin of Polytechnic Institute of Jassy LI (LV), no. 3-4, 63-68,
2005;

(3) M.B.Raut, The spatial elliptical movement in a non-inertial frame of reference, Bulletin of
Polytechnic Institute of Jassy LV (L1X), no. 2, 25-36, 2009;

(4) M.B.Raut, On the Eotvos effect-Bulletin of Polytechnic Institute of Jassy LVI (LX), no. 1,
101-107, 2010;

(5) M.B.Raut, A Newtonian equivalent for the cosmological constant, Bulletin of Polytechnic
Institute of Jassy LIV (LX), no. 2, 33-38, 2010;

(6)M.B.Raut, Time invariance of the fundamental physical constants, Bulletin of Polytechnic
Institute of Jassy LVII (LXI), no. 2, 43-53, 2011;

(7) M.B.Raut, The generalized gravitational potential, Bulletin of Polytechnic Institute of Jassy
LVII (LXI1), no. 3, 107-114, 2011,

(8) M.B.Raut, Variations of the gravitational constant with time in the framework of the
expanding universe, Bulletin of Polytechnic Institute of Jassy LV 11 (LXI), no. 4, 77-90, 2011,
(9) M.B.Raut, On a Newtonian alternative theory for MOND, Bulletin of Polytechnic Institute of
Jassy LVIII (LXI1), no. 1, 1-7, 2012;

(10) M. Pricop, M. B. Raut, Z. Borsos, A. Baciu, M. Agop, Holographic-type gravitation via
non-differentiability in Weyl-Dirac theory, Journal of modern physics 4, 165-171, 2013;



(11) M. B. Raut, The gravitational potential of a multidimensional shell, Bulletin of Polytechnic
Institute of Jassy LIX (LXIII), no. 2, 9-14, 2013 ;

International Conferences

(1) The 14" edition of the annual TIM International Physics Conference, TIM 2013, november
21%-24™ 2013, Timisoara, Romania, with two poster presentations:

M. B. Raut, Dark matter and the dynamics of galaxies: A Newtonian approach;

M. Agop si M. B. Raut, Morphogenesis of gravitational structures through a non-differentiable
hydrodynamics approach.

National Conferences

(1) The 3" National Conference of Applied Physics, CNFA 2008, november 21%-22" 2008, lasi,
Romania, with a poster presentation:

M. B. Raut, The spatial elliptical movement in a non-inertial frame of reference.

(2) The 4™ National Conference of Applied Physics, CNFA 2010, november 19"-20" 2010, Iasi,
Romania, with two poster presentations:

M. B. Raut, Time invariance of the fundamental physical constants;

M. B. Raut, Variations of the gravitational constant with time in the framework of the expanding
universe.

(3) The National Conference on Theoretical Physics, NCTP 2010, 4™ edition, june 23 -25"
2010, Tasi, Romania, with a poster presentation:

M. B. Raut, The generalized gravitational potential.

Books

(1) M. B. Raut, L. Chicos, R. A. Stana, M. Agop, Predictibilitate si haoticitate in sisteme
gravitationale, Ed. Ars Longa, 138 pg., 2011;

(2) M. B. Raut, A. Stroe, M. Buzdugan, M. Agop, Probleme actuale ale teoriei gravitatiei, Ed.
Ars Longa, 133 pg., 2011.




