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Abstract: Recent astrophysical observations hint toward
the need for an extended theory of gravity to explain puz-
zles presented by the standard cosmological model such
as the need for dark matter and dark energy to understand
the dynamics of the cosmos. This paper investigates the ef-
fect of a repulsive central universal force field on the be-
havior of celestial objects. Negative tidal effect on the solar
and galactic orbits, like that experienced by Pioneer space-
crafts, was derived from the central force and was shown to
manifest itself as dark matter and dark energy. Vertical os-
cillation of the sun about the galactic plane was modeled
as simple harmonic motion driven by the repulsive force.
The proposed universal field was used to infer the shape of
dark matter halos as generated from a planar component
of the universal force and to explain galactic warp, galac-
tic halo density, and galactic rotation curves. It was found
that the repulsive field addition to Newton’s gravity mim-
ics the Yukawa potential correction employed by many cur-
rent gravitational theories that modify gravity.

Keywords: Celestial mechanics, Dark matter, Pioneer
anomaly, Simple harmonic motion, Yukawa potential
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1 Introduction

The success of the standard cosmological model (ACDM)
[1, 2] has been marred by a number of puzzling large scale
cosmological observations [3, 4] which hint toward the
need for modifications of the model. Therefore, extended
theory of gravity may be needed since it is clear from recent
astrophysical observations that Einstein equations are no
longer good enough to test gravitation in the solar system
and at the galactic scale, unless we admit some kind of ex-
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otic matter-energy to the matter side of Einstein field equa-
tions, dubbed “dark matter” and “dark energy”; see [5] and
references therein.

The existence of dark matter is mostly inferred from
gravitational effects on visible matter and is thought to ac-
count for approximately 85% of the matter in the universe
while dark energy is inferred from the accelerated expan-
sion of the universe and along with dark matter constitutes
about 95% of the total mass-energy content in the universe.
The origin of dark matter is a mystery and a wide range
of theories speculate its type, its particle’s mass, its self-
interaction and its interaction with normal matter. Also,
experiments to directly detect dark matter particles in the
lab have failed to produce positive results which presents a
serious challenge to its existence; see [6, 7] and references
therein. Nevertheless the hunt for a dark particle contin-
ues; such as the new approach to directly detect dark mat-
ter particles by observing them interacting with electrons
from nuclear scattering [8]. Other problems that face the
existence of dark matter is that simulations of dark mat-
ter according to current models that best describe it rele-
vant to corresponding theories present further challenges
when compared with observation; such as producing more
steeply rising rotation curves than we see in many low sur-
face brightness galaxies, suggesting that simulations pro-
duce an overabundance of dark matter [9] and when ex-
plaining the average velocity dispersions for the Milky Way
and Andromeda, there should be five times more dark mat-
ter satellite galaxies according to theory [10]. For all of
these challenges that face the proof of the existence of dark
matter one may have to consider looking forward for alter-
nate theories.

We propose that such as there has been equal amounts
of normal baryonic matter and antimatter in the early uni-
verse with baryonic matter prevailing over antimatter due
to matter-antimatter asymmetry, there has also been equal
amounts of dark matter and anti-dark matter with dark
matter prevailing and escaping complete destruction due
to asymmetric anti-dark matter [11]. If that was the case,
dark matter then might have separated and formed their
own pockets in the universe. This scenario prompts the
consideration of a long range gravitational interaction by
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dark matter “worlds” and our baryonic matter worlds. It is
suggested here that this interaction might be negative and
we can build on that to explain cosmological behavior of
our baryonic worlds.

Attempts to explain various cosmological anomalies
have not been very promising so far. To name few, attempts
have been made to explain the Pioneer anomaly, ranging
from systematic effects to new theoretical approaches [12-
20], and to explain galactic rotation curves by invoking the
existence of the perplexing dark matter [21-23] or by mod-
ifying the law of gravity [24, 25].

The concept of antimass was invoked by Albert Ein-
stein himself. The newest in the literature in that regard
is a “dark” fluid theory with repulsive behavior and con-
stant creation of matter that help understand dark matter
and dark energy at cosmological scales [26].

Classical theories of repulsive gravity have been pub-
lished as extensions of general relativity where antiparti-
cles “live” in an inverted spacetime [27-29]. Non-classical
theories of repulsive gravity have also been published [30].
Against general consensus in the field, the notion of anti-
gravity that is based on the assumption that antimatter
gravitationally repels matter drives scientists to test this
possibility. Theories of that notion, if successful, must
await confirmation by experiment, probably by ALPHA-g
and GBAR experiments at CERN, which are yet to bear fruit
as of current time.

In the weak-field limit of most of the current grav-
itational theories present today that try to explain the
perplexing cosmological gravitational deviation from
GR/Newtonian mechanics, such as nonsymmetric, scalar-
tensor-vector (MOG), quantum gravitational theories of
gravity. . .etc., result in a Yukawa-like type of gravitational
potential [31-33]. For example, MOG is a covariant, rela-
tivistic, alternative gravitational theory whose field equa-
tions are derived from an action that supplements the
spacetime metric tensor with vector and scalar fields. MOG
predicts that far from the source of gravity, i.e., the core
of a galaxy, the force field is stronger than the normal
inverse-square Newtonian one, but at shorter distances, it
is counteracted by a repulsive “fifth force” due to a vector
field [34, 35]. MOG has been successfully applied to explain
the rotation curves of the Milky Way galaxy [36] and the dy-
namics of galaxy clusters without dark matter. It has also
been shown in a recent study that the theory satisfies the
weak equivalence principle and is consistent with obser-
vations of the neutron star merger and gamma ray burster
event GW170817/GRB170817A [37].

In a recent research, it was suggested that observa-
tional evidence for the existence of cold dark matter par-
ticles in the cores of dwarf galaxies could be explained
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through the interaction of a Yukawa potential [38]. There-
fore it has been suggested that the experimental and obser-
vational search for an explanation of gravitational devia-
tion from GR/Newton gravity might result in new type of
physics [39]. Here, it is suggested that in a mass-antimass
universe, the result of the existence of nearby aggregates of
antimass could be a repulsive gravitational force field and
would materialize as acceleration in the radial direction
from the antimass aggregates, which presents a strong can-
didate to dark matter and dark energy, assuming antimass
and normal mass gravitationally repel each other. In this
scenario, the repulsive universal field serves as the source
to the Yukawa field, or fifth force, that acts as a correction
to the Newtonian classical potential in the mentioned grav-
itational theories.

In this paper, it is shown that galactic dynamics can be,
in principle, achieved through extended theories of gravity.
The existence of a force field originating from the center of
the universe (assuming a spherical universe), possibly lo-
cal universe, is proposed to drive much of the dynamics
of the cosmos and explains many cosmic anomalies. This
vector field could be the work of a constant repulsive force
that could be the one responsible for the initiation of the
Big Bang event and situated at the center of the universe
or it could be the result of a nearby repulsive antimass ag-
gregate. Here, the possibility of the existence of a universal
repulsive force field is explored, and its effect on solar and
galactic dynamics is studied since a model of extended
gravity is pursued. To achieve that, a model of the universe
with equal amounts of mass and antimass repelling each
other and preserving a universal radial gravitational field
is presented. Influenced by the repulsive universal force
field, our Milky Way galaxy and its components feel the
outward radial acceleration. A negative-tidal force result-
ing from a component of the repulsive central force acting
on the solar system results in a sunward acceleration felt
by the sun’s orbiters. This is simply the opposite process
of the tidal force that causes tides on earth. Here, Pioneer
anomaly is explained mainly by considering the action of
the negative central force field. It is demonstrated that the
success of Newtonian mechanics in explaining the dynam-
ics of the solar system can be extended to explain the rota-
tional speed of stars in galaxies (galactic rotation curves)
when corrected by the proposed repulsive universal force
based on the assumption that Newtonian gravity is a good
approximation without the need for large amounts of dark
matter in galaxies.
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2 Effect of a repulsive universal
force on the solar system and
galactic dynamics

Consider a situation where the radial direction of the uni-
verse lies in the orbital plane of a planet in the solar system
so the planet would be between the center of the universe
and the sun at one point and on the opposite side after half
orbital period. The proposed universal repulsive force will
have a negative tidal effect on the solar system and can
cause inward bulge (toward the sun) of the planet’s orbit
as acceleration of the sun in the upward direction is larger
than that of the planet when the planet is situated above
the sun relative to the center of the universe while the ac-
celeration of the planet is larger than that of the sun when
it is situated below the sun (or component of the repulsive
force toward the sun when the orbital plane is tilted rela-
tive to the radial direction). Figure 1 shows the force acting
on a celestial system, like our solar system, with an orbital
plane perpendicular to the universal radial direction (tan-
gential to a spherical shell concentric with the center of the
universe).

core of the universe

Figure 1: Universal repulsive force produces circular orbital shape of
the planetary orbit in the absence of other effects when the orbit is
perpendicular to the radial direction of the universal force

Similarly, the repulsive force affects the dynamics of
galaxies. The unequal forces of b; and b, in an orbital
plane of a star orbiting the galactic center that is not per-
pendicular to the universal radial direction as might be the
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case of the Milky Way imparts unequal accelerations rela-
tive to the position of the star with respect to the core of the
universe. Repulsive tidal force also produces oscillation of
the stars about their galactic plane as will be discussed in
detail. While perpendicular components of the repulsive
forces (b-forces in Figure 1) produce bulges of the orbital
stars, the in-plane forces (a-forces in Figure 1) act as the
restoring forces that produce oscillations of the stars about
their galactic plane. Celestial systems then are oscillators
oriented at random relative to each other due to the univer-
sal repulsive force acting on them.

The sun-orbiting objects, as in the case of the Pioneer
spacecraft, feel negative tidal forces in all directions due
to their orbital plane tilting relative to the tangential plane
of the universal concentric shell at the location of the sun
with varying magnitudes producing a bulge toward the
sun as opposed to that of the normal positive tidal effect
on earth by the sun and the moon.

3 Pioneer anomaly

Pioneer anomaly is a constant acceleration directed to-
wards the Sun of

a = (8.74 + 1.33) x 101°m/s?, registered by Pioneer
spacecraft [40]. It is commonly believed that attempts to
explain this anomaly gravitationally have failed so far.

Following the previous argument in section 2, the Pio-
neer Effect can be explained that due to the external univer-
sal repulsive force acting on the Pioneer spacecraft which
produces negative tidal force that results in a constant sun-
ward acceleration.

4 Modeling the sun’s dynamics as
simple harmonic motion

The sun oscillation about the galactic plane can be treated
as simple harmonic motion modeled by a simple pendu-
lum that extends from the center of the galaxy to the sun
with the sun acting as the bob and a component of the
repulsive central universal force (a-forces in Figure 1) as
the restoring force. Using the period of the simple pendu-
lum as the oscillation period of the sun to compute the
gravitational field strength at the sun’s location with the
restoring forces pronounced when the galactic plane is per-
pendicular to the universal radial direction, the equation
P = 2m\/1/g; where the distance of the sun from the galaxy
center is about 27700 ly and the oscillation period is about
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66 M years about the galactic plane, can be employed to
give g (The gravitational field strength in the immediate
neighborhood of the sun, which is assumed to originate
from the repulsive force) as 0.24 x 10~°m/s?. This should
give a restoring force of the sun-galaxy pendulum of about
0.24x1071° M.

5 Maximum height of stars from
the galactic plane

Models of gravitational force law perpendicular to the
galactic plane allow the determination of the galactic
velocity-distance relation with close fit to the velocity dis-
tance observations. Those models mainly assume an in-
plane galactic potential as entirely made by baryonic mat-
ter with observational confirmation of star counts, which
increases the enigma of how a dark matter galactic halo is
distributed in galaxies with the inner part of the galactic
disk assumed to be mainly free of dark matter to explain
perpendicular motion of stars about the galactic plane
with unexplained in-plane dark matter-baryonic matter

gravitational relationship. The perpendicular to the galac-

tic plane velocity-distance relationship of stars obtained

from the simple harmonic model of the sun agrees with ob-
servation and assumes the whole galaxy is free of dark mat-

ter as described in the introduction. Figure 2 illustrates the

mechanism of the sun vertical oscillation about the galac-

tic plane as modeled by simple harmonic motion.

I
core of Milky Way

Figure 2: Vertical oscillation of the sun about galactic plane mod-
eled as simple harmonic motion

As clear in Table 1, the sun galactic velocity-distance
computed from the simple harmonic model is in close
agreement with that from reference [41] computed from
distribution function modeling technique.
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Table 1: Sun galactic velocity-distance

Velocity Zmaximum (P©), Zmaximum (PO,
m/s at z=0 simple harmonic Kuikken & Gilmore
model paper
0 0 0
8400 149 100
15700 279 200
21900 390 300
27300 486 400
32100 571 500
36500 650 600
40600 722 700
44500 792 800
48300 859 900
51800 921 1000
58600 1042 1200
68300 1214 1500
83200 1477 2000

To compute the velocity-distance of the sun in Table 1,
the following governing equations have been used follow-
ing the illustration in Figure 2.

v2 =2gh )

> =z2+(-h)? )

where g is the gravitational field strength at the sun vicin-
ity, taken as a = 8.74 x 1071%m s72, as that registered by
Pioneer spacecraft, and [ is the distance of the sun-galaxy
center taken as 27700 ly. Equation (1) is derived from con-
servation of mechanical energy with v is the sun’s velocity
at z = 0 and h is the pendulum maximum height obtained
from equation (1), obeying the equation %mv2 = mgh.
Equation (2) is obtained from geometrical consideration as
clear in Figure 2.

5.1 Galactic disk warp

Galactic disk warps can be explained in terms of the cen-
tral universal repulsive force. At least half of all galaxies
are warped and are long-lived or continuously generated.
Galaxies with small dark halo core radii are less likely to
be warped which indicates a direct relationship between
galactic warp and dark matter halo. Also, it is thought that
galactic warp is environmentally driven as galactic disks
embedded in rotating halos experience a dynamical fric-
tion force which causes it to warp when the angular mo-
mentum axes of the disk and halo are misaligned [42].
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smallest force component

radial force

largest force component

Center of the universe

"]TTT?%+

Figure 3: Galactic warp (not to scale)

largest force component
smallest force component

Most of the galaxies with both sides warped are anti-
symmetric with S-shape warps. The warp of galaxies is nor-
mally explained in literature in terms of contained dark
matter [43, 44]. In this paper dark matter is explained in
terms of the central universal repulsive force and so is the
galactic warp. Figure 3 shows the repulsive force acting on
a proposed galaxy. If the galactic plane is not tangential
to a spherical shell with its center as that of the universe,
the central repulsive force will act with different magni-
tudes of perpendicular force components along the galac-
tic plane. The longest arm of the force provides the small-
est force component while the shortest provides the largest
component because the whole galaxy is accelerated in the
radial direction due to the central repulsive force but one
end of the galaxy is accelerated faster than the opposite
one, with perpendicular force distribution as shown in Fig-
ure 3. This produces warp of the galactic disk most pro-
nounced away from the central bulge i.e. in a spiral galaxy.
The warping mechanism made by the universal repulsive
force clearly explains why the warps are S-shaped.

6 Effect of repulsive force on the
Milky Way galaxy at the sun
vicinity (dark matter halo)

We can approximate the “virtual” amount of DM at the
sun’s location due to the action of the proposed universal
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repulsive force. Since rotation curves of our galaxy show
that the sun is moving about 60 km s™* faster than what
is contributed by visible matter, as the actual sun’s veloc-
ity measures about 220 km s~! while that contributed by
visible matter is about 160 km s, the centripetal acceler-
ation of a negative tidal force component on the sun can ac-
count for the difference with magnitude 0.24x1071°ms=2
(computed from the pendulum model); where v = Val,
1 is 27700 ly, v then is about 80 km s71 in close agree-
ment with observation. Accordingly, acceleration of about
0.24 x 1071° m 572 may be used here to approximate the
amount of DM enclosed by the sun’s galactic orbit.

7 Dark matter cosmic distribution

It is easy to infer that the distribution of dark matter fol-
lows the distribution of baryonic matter by considering
an external repulsive gravitational field as the cause of
baryonic material behavior as discussed above to produce
larger orbital velocities of galactic components than ob-
tained by normal matter alone. This may account for what
astrophysicists interpret as the work of an existing dark
matter in the cosmos which only exists where baryonic
matter exists.

8 Halo density of galaxies

It is known that LSB galaxies, mostly dwarf galaxies, have
low luminosity and low baryonic mass and are much more
dominated by dark matter than large galaxies [45]. As an
example, our Milky Way is a large galaxy with about 50%
dark matter. Galaxies with 1/100 of the luminosity of the
Milky Way galaxy are about 90% dark. The smallest dwarf
galaxies known are almost completely made of dark mat-
ter. In light of the universal repulsive force, this can be ex-
plained by that galactic dark matter content is a manifesta-
tion of the proposed universal repulsive force. Since dark
matter halo is approximated by the formula v = v/al and
is dependent on the magnitude of the repulsive universal
force, which in turn is dependent on the relative location of
the host galaxy from the universal core, this results in that
for the same size galaxies located at the same radial dis-
tance from the universal core, dark halos’ content remains
the same whereas baryonic mass density depends on bary-
onic content of the galaxies. Therefore, for dwarf galaxies
of small baryonic content, dark matter halo density to bary-
onic density ratio is in principle larger.
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9 Modeling repulsive
mass-antimass universe and dark
energy

The universe can be modeled as one made with equal
amounts of mass and antimass and of consecutive normal
mass and antimass spherical shells of specified thickness
with the outermost made from one kind considering that
the repelling entity to normal mass is the antimass. The
mechanism of the acceleration of the universe arises from
the fact that matter of the outermost shell of the universe
feels a net repulsive force due to the existence of net op-
posite mass bounded by the shell. This results in accel-
eration of the outer shell in the outward radial direction.
The next inner shell (the second outermost shell) faces the
same scenario and so on. An observer in any galaxy sees
galaxies of his own shell accelerate away from each other
with relative magnitudes since the whole shell increases
in size by time except those galaxies that are aligned in
the radial universal direction, which leads to that shells
become thinner over time. This mechanism would be pro-
nounced if our observable universe was only a patch of
space in one shell. This accelerated movement of galaxies
away from opposite kind galaxies and the self-aggregation
of own kind galaxies leaves voids [46] among them which
in principle accounts for the overall sponge-like structure
of the universe. This is the same anywhere in the universe
due to its spherical symmetry. The accelerated movement
of galaxies in the context of the universal repulsive force
presents strong candidate to “Dark Energy”. Unlike mat-
ter creation theories, such as the “dark” fluid theory men-
tioned in the introduction, here, dark energy can be seen
as the work of the universal repulsive force, hence there is
no need for constant creation of matter in the cosmos as
proposed by the dark fluid theory; see reference [26].

10 Rotation curves and the shape
of dark matter halo

Observations of orbital velocities in spiral galaxies suggest
rae)?
is the galaxy’s gravitational potential. Classical analysis
of the orbital velocity of a star near the edge of a spiral
galaxy that resides in the inner side of the outer most shell,
as can be inferred from the proposed mass-antimass uni-
verse, is as follows: with equal amounts of mass and an-
timass in the universe, suppose that the last shell carries

a mass structure according to v(r) = ( , where @
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antimass and assuming symmetrical universe, this shell
then encloses a net baryonic mass with the same magni-
tude. We can now apply Gaussian law to account for the
gravitational field that pushes away a galaxy in the ra-
dial universal direction from the center of the concentric
shells of galactic plane inclination angle 0 relative to the
universal radial direction. The governing equation is then
Js8-da = 4nGMepcioseq, Where Mepcioseq is the shell’s en-
closed net baryonic mass. Considering the two-body sys-
tem of the star-galaxy core, rotational speed of the star lo-
cated near the edge of the galaxy can be approximated by,

1 oo 1
. <G1V15,;’alaxy>2 + (GI:/I )2 3)

where the second term serves as a correction to the Newto-
nian classical term and M" is the “effective mass” due to
Menciosed> T 1S the star-galactic center distance and the ro-
tational speed component in the second term is a function
of 8. Note that the second term in equation (3) accounts for
the negative tidal force acting on the star due to the exis-
tence of the universal repulsive force as explained earlier.

Rotation curves of galaxies (RCs) precisely describe
their dynamics [47]. Since the distribution of stars in galax-
ies doesn’t match observations of their rotation as ex-
pected from application of Kepler’s laws, luminous matter
alone does not account for the total mass of galaxies [48],
prompting the existence of hidden dark matter.

RCs are used to describe dark matter distribution in ha-
los [49]. It is well known that rotation curves of spiral galax-
ies are flat. This is usually attributed to the existence of ha-
los surrounding galaxies that contain unseen dark matter,
which should in theory constitute the missing mass.

Employing the proposed repulsive universal force
field we can see in Figure 4 the universal force lines acting
on a star with their relative angles.

We can see now how the universal repulsive force may
account for the shape of the galactic rotation curves sup-
posedly due to hypothetical dark matter: restricting the
halo within the volume of the galaxy, we can infer from
Figure 4 that the shape of the component of the galactic
rotational speed of an edge star that lies on the galactic di-
ameter of highest tilt (solid line in Figure 4), derived from
the repulsive universal force, is governed by,

(4)

To descriptively represent the shape of a galactic halo
from the galactic center to the edge, equation (4) may be
employed to approximate the rotational speed component
of a star due to the repulsive universal force along the
galactic diameter with maximum tilt. The formula was de-
rived from the component of the centripetal acceleration

v? = sinacos (90 - 0 - a)
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universal core

Figure 4: Universal repulsive force field lines on a star with their
relative angles (not to scale)

Shape of rotational speed-dark matter
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Figure 5: The shape of dark matter halo generated from galactic
planar component of the universal repulsive force

due to the universal repulsive force of vZ/d = ®cos ,
where d is replaced by sin a, ¢ = 90-60-a, 0 is the inclina-
tion angle of the galactic plane and @ is the gravitational
field due to the universal repulsive force and approximated
to have the same value everywhere at the location of the
galaxy with a value of unity. In Figure 5, the shape of the
halo is inferred by plotting the rotational speed of the star
against the angle a representing the galactic radius.

As expected, the increase of the inclination angle in-
creases dark matter halo density as shown in Figure 5.
Also, the halo density increases with radius which pro-
duces flattening of the RCs as opposed to Keplerian rota-
tion.
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11 Repulsive universal force as the
source of a Yukawa-like field

Current research on gravitational theories explores non-
Newtonian component of the gravitational field and
presents it as a Yukawa-type correction to the classical
gravitational potential and successfully describes various
observational astrophysical and cosmological phenomena
without resorting to dark matter; see references [31-33].
For a two-body system of a secondary body of mass m
under the gravitational influence of a primary body of
mass Mp, the secondary body’s potential energy can be de-
scribed by additional modified term [50] as follows,

V(r)= -G]V[%m (1 + ae‘%) = Vn (1) + Vyk (1)

where G is the gravitation constant, « is the strength of
the Yukawa interaction relative to gravity, A is its range,
and r is the separation distance between the two bodies.
The Yukawa modified Newtonian potential is used to study
a wide range of cosmological gravitational phenomena
that pertain to deviation from normal celestial kinemat-
ics and even to estimate the mass of the graviton mediat-
ing the interaction in celestial bodies; see reference [32].
Similarly, the modified gravity (MOG) theory introduces
a Yukawa-like modification term to Newton’s gravity; see
reference [37] and references therein. Among extra dimen-
sion theories, models with large extra dimensions propose
that the interaction between massive objects by exchang-
ing light KK graviton successfully modify Newton’s law
of universal gravitation at small distances by adding a
Yukawa potential to the ordinary Newtonian potential in
the static limit [51].

The gravitational correction to Newton’s law on a two-
body satellite system as described by equation (3) mimics
the Yukawa potential correction. The second term in the
equation replaces the Yukawa correction term and intro-
duces a source of the potential as originating from the pro-
posed negative central mass in a mass-antimass universe
that produces a tidal force on celestial objects as described
in this paper, where the effective mass “M"” is interpreted
as the mass contribution by the source that produces the
Yukawa-like field. Since M~ depends on the location of the
two-body system relative to the repulsive source (center of
the universe), and thereby the value of the potential®@in
the equation vZ/d = @ cos ¢, we conclude that the rest of
the parameters involved in equations (3) and (4) must be
observation-dependent. Observational verification to the
gravitational correction by the universal gravitational field
is presented through studying the kinematics of the sun in
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sections 4, 5 and 7. A quantitative assessment of a univer-
sal repulsive field acting on a celestial object, perhaps a
two-body celestial system, is intended for future work by
parameterizing equations (3) and (4) and fitting available
cosmological data.

12 Conclusion

As an extended gravity model, it was shown that by ac-
counting for repulsive component of a universal force field
in Newtonian mechanics we can provide reasonable ex-
planation to several cosmic puzzles such as dark matter,
dark energy, rotation curves, Pioneer anomaly, and galac-
tic disk warp. Importantly, it was shown that negative tidal
effect on solar orbits may explain the extra sunward ac-
celeration experienced by Pioneer spacecrafts. The nega-
tive tidal force was used to show similar inward accelera-
tion experienced by stars in their galactic orbits and de-
scriptively was used to show how it manifests itself to pro-
duce non-Keplerian rotation curves. Similarly, the shape
of dark matter halo was inferred by employing the nega-
tive tidal force. Vertical oscillation of the sun about the
galactic plane was modeled as simple harmonic motion
driven by a component of the universal repulsive field and
was compared with another model computed from distri-
bution function modeling technique. Accordingly, it was
found that the repulsive component of the proposed uni-
versal field mimics a Yukawa potential correction to the
normal Newtonian field which recently has attracted much
attention in the current gravitational theories that modify
gravity.
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