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The universe is full of matter and the attractive force of gravity pulls all matter together.

The expansion of the universe has not been slowing due to gravity, as everyone thought, it has been accelerating.
Maybe it was a result of a long-discarded version of Einstein's theory of gravity, one that contained what was called a "cosmological constant." Maybe there was some strange kind of energy-fluid that filled space. Maybe there is something wrong with Einstein's theory of gravity and a new theory could include some kind of field that creates this cosmic acceleration.
It turns out that roughly 68% of the universe is dark energy. Dark matter makes up about 27%. The rest - everything on Earth, everything ever observed with all of our instruments, all normal matter - adds up to less than 5% of the universe. Come to think of it, maybe it shouldn't be called "normal" matter at all, since it is such a small fraction of the universe.

Balungi Francis explains this major conundrum in modern science, modifies General relativity and gives a solution to the cause of an accelearting expansion of the Universe.
This book provides solutions to the following major questions In Physics:
	What is the cause of the observed accelerating expansion of the universe (the de Sitter phase)? Are the observations rightly interpreted as the accelerating expansion of the universe, or are they evidence that the cosmological principle is false?







	Is the universe homogeneous and isotropic at large enough scales, as claimed by the cosmological principle and assumed by all models that use the Friedmann–Lemaître–Robertson–Walker metric, including the current version of the ΛCDM model, or is the universe inhomogeneous or anisotropic?









	Is the Friedmann–Lemaître–Robertson–Walker metric the right metric to use for our universe?







	Why does the zero-point energy of the vacuum not cause a large cosmological constant? What cancels it out?







	Is dark energy a pure cosmological constant or are models of quintessence such as phantom energy applicable?
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1.  Introduction and Summary
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According to Einstein’s theory of general relativity space-time has no physical structure other than its four-dimensional continuum, essentially weaving space and time together as a single entity, with the structure of space-time being described by its curvature, which is influenced by the presence of mass and energy, causing massive objects to "bend" space-time around them; this curvature is what we perceive as gravity. This conventional point of view has been challenged by current theories and observations. From the observational side, the fact that 95% of our Universe consists of mysterious forms of energy or matter gives sufficient motivation to reconsider this basic starting point and from a theoretical perspective, insights from black hole physics and string theory indicate that our ‘macroscopic’ notions of space-time and gravity are emergent from an underlying microscopic description in which they have no a priori meaning [11]. 

According to [26, 27] over sufficiently small distances and sufficiently brief intervals of time, the "very geometry of spacetime fluctuates". These fluctuations could be large enough to cause significant departures from the smooth spacetime seen at macroscopic scales, giving spacetime a "foamy" character. This spacetime foam significantly impacts the effective cosmological constant, which is determined by the density of topological geons, implying that the source of dark energy is topological geons. Also according to [32], one could hope to explain the acceleration of the universe without dark energy by choosing the graviton mass to be of order the Hubble constant.

To differ from [26, 27], we present the structure of space-time as a damped oscillator of a Hubble scale mass (HSM) particle [1, 5, 29,30-32] in a viscous fluid [4], and using the equations of a simple harmonic oscillator as in classical physics, we show that the fabric of spacetime experiences oscillations that gradually decrease in amplitude over time, similar to how a physical object like a mass on a spring would lose energy and eventually come to rest when subject to a damping force; in this case, the "damping" would be caused by some mechanism within the spacetime itself that dissipates energy from the oscillations. Some potential mechanisms that could lead to such oscillations may include; dark energy dynamics and scalar fields [13]

Like any damped oscillation, the amplitude of the spacetime ripples would decrease exponentially with time, meaning the "waves" in spacetime would become smaller and smaller until they are negligible [13].

In cosmology, theories suggest that the early universe might have experienced a period of damped spacetime oscillations, potentially explaining the observed uniformity of the cosmic microwave background radiation (see section3). In quantum gravity frameworks, spacetime oscillations could be linked to the nature of quantum particles and their interactions [14, 15] (see section2).

The implication of space-time oscillations on cosmology is that if space undergoes damped oscillations, it could potentially affect our understanding of the universe's ultimate fate, including whether it will continue to expand indefinitely or eventually collapse.

Currently, there is no definitive observational evidence for a damped oscillating space-time of the universe, although some studies of distant supernovae and the cosmic microwave background radiation could potentially provide hints about past fluctuations in the expansion rate [12].

The aim of this paper is therefore to prove that space-time is undergoing a damped oscillation and that the cause of this oscillation is attributed to the dynamics of the dark force.

The goal of this paper is to give a completely satisfactory microscopic description of space-time with a negative pressure and a positive cosmological constant to fully explain the cause of an accelerating expansion of the Universe.

In this paper we provide evidence for the fact that the observed dark energy, the phenomena currently attributed to dark matter and the damped oscillation of space-time have a common origin and are connected to the rotational motion of a Hubble scale mass particle of space-time in the present Universe.

This paper is structured as follows: In section (2) we apply the classical equations of a simple harmonic oscillator to an oscillating Hubble scale mass version of space-time. From this model we calculate the angular frequency, damping ratio and exponential decay of the oscillator.  In (2.1) we apply the differential equation of a HSM damped oscillator to cosmology. In section (3) we apply the classical equations of a simple harmonic oscillator to an oscillating Planck mass version of space-time with implications for the early Universe. 
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2. First Model: Oscillation of a Hubble scale mass particle in a viscous fluid


[image: ]


Consider any region of space in the Universe where a vacuum of space is defined by an oscillating Hubble scale mass particle (HSM) with mass, [image: ]  in a fluid or vacuum of viscous damping coefficient[image: ], where [image: ], is the Planck mass [3]. 

The damping coefficient given results from the presence of a residual Planck mass in the vacuum of space and the damping is therefore caused by a negative gravitational attraction of a HSM with the cosmic medium of a residual Planck mass.

The particle’s oscillating mass and the damping coefficient are therefore proportional to the Hubble angular frequency scale [image: ] (where [image: ] is the present Hubble constant parameter [8], [image: ]  is the density parameter [8], [image: ] is the reduced Planck constant, and c is the constant speed of light).

Friction, or damping, slows the motion of the system and is always in a direction to oppose the motion. Due to frictional force, the velocity decreases in proportion to the acting frictional force as  [image: ] . 

Consider the forces acting on the HSM particle; for a mass oscillating in a viscous fluid, the net force is equal to the restoring force [image: ]  (where k is the force constant and [image: ] is the displacement from the initial equilibrium position) and the damping force  [image: ] as,

[image: ]

Writing this as an equation in mass m, acceleration a, velocity v and displacement,[image: ], we have

––––––––
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Using dimensional analysis, the force constant or spring constant k of a HSM particle is related to the current Hubble scale radius [image: ] and the cosmological constant [image: ] as,  [image: ] (where [image: ]is the Gravitational  constant). 

Putting in the values of the viscous damping coefficient [image: ] and the force constant k we have,

––––––––
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Writing this as a differential equation [23] in[image: ], we obtain

––––––––
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[image: ]

This can be rewritten into the form [10, 21, 22&23]

[image: ]

––––––––
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From which the undamped angular frequency of the oscillator is given by an equation,  [image: ],  (Where [image: ] , is the Schwarzschild radius of a HSM particle) . 

The damping ratio is calculated to be,  [image: ]. This value of the damping ratio ζ determines the behavior of the system.

The exponential decay of the damped harmonic oscillator is given by,[image: ]

The value [image: ] obtained implies that space is vibrating at extremely high frequencies, potentially corresponding to the Planck time scale,[image: ], which is the smallest unit of time at any given point in space. Space-time therefore is an oscillation of tiny Planck length HSM particles.

This damped model might imply a universe that once oscillated more violently during the Big Bang and is now settling into a quieter state. In quantum gravity or string theory, the model might imply that space-time can also oscillate at tiny scales.

The concept of "space-time as a damped harmonic oscillator" is therefore a metaphorical analogy that attempts to describe the universe's expansion and potential deceleration by comparing it to the behavior of a damped harmonic oscillator, where an oscillating system gradually loses energy over time due to friction-like forces, causing its amplitude to decrease exponentially; essentially suggesting that the universe's expansion might be slowing down as time progresses due to some inherent "damping" mechanism. 
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2.1. Application of first model to cosmology
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Let the frictional force be a repulsive gravitational force resulting from an interaction of a HSM particle with the Planck mass. Because friction or damping is always in a direction to oppose the motion, this leads to a large negative pressure within the interaction. Therefore the large negative pressure P has repulsive gravity and can lead to the observed accelerated expansion of the universe. If we consider a small area of the vacuum of space, the frictional force or repulsive gravity acting perpendicular on the area A is the negative pressure P and is given by a simple equation,  [image: ] .

Let the displacement  [image: ] of a HSM particle from its equilibrium position be given by,  [image: ] and its velocity by[image: ] ( where [image: ], is the fine structure constant or electromagnetic coupling constant , [image: ] is the Planck length and [image: ] , is the angular frequency or natural frequency of a simple harmonic oscillator of a HSM particle). The displacement is known as the string length scale of a particle due to its extended nature. 

The angular acceleration of a HSM particle is thus given as  [image: ] , which then gives a net force on a HSM particle as   [image: ] . Then Eq2 can be written as,

[image: ]

––––––––
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When the allowed calculable area for any region of space due to the foamy nature of space-time (space-time foam,[15]) is  [image: ] ,  we then have

––––––––
[image: ]
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Multiplying both sides by  [image: ] , we obtain the modified Friedman equation as,

––––––––
[image: ]
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Where [image: ] is the Schwarzschild radius of a HSM 

Or,

[image: ]

For an accelerating expansion of the Universe, the R.H.S of the above
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