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Balungi explains deep ideas in physics in an easy-to-understand way. Think Physics is a series aimed to solving the big problems in physics. The book targets topics that researchers and students spend time wondering about, like the origin of gravity and the universe. It also goes into the theories that seem right but are wrong and shows why they are wrong a rarity in science books. Think Physics series is a rigorously correct, lighthearted, and cleverly designed problem solving book for physicists of all ages.


❖  Has been tested, rewritten, and retested to ensure that you can teach yourself all about major unsolved physics problems



❖  Requires no math-mathematical treatments and applications are included in optional sections so that you can choose either a mathematical or nonmathematical approach. No Calculus



In this PART 4 of Think Physics series; Using a logical approach, Balungi invents a new theory of gravity. Balungi solves three of the most pressing problems in modern physics and cosmology. Because his modified gravity theory has stronger gravity than the standard model, it does away entirely with the need for exotic dark matter. It also explains the origin of the dark energy. Moreover, his theory has no vexing singularities.

Through the mathematics of the theory, he reveals the universe to be a different kind of place perhaps even a more straightforward and sensible place than we have been led to believe. His theory contains a new force in nature, a fifth force similar in strength to gravity. It makes its presence known beyond the solar system, in the motions of stars in galaxies, clusters of galaxies, and in the large-scale structure of the universe which is to say, in the entire universe. 

	[image: ]
	 	[image: ]


[image: ]

Reinventing Gravity

[image: ]


Just as Einstein in his day was constructing an alternative gravity theory, an alternative to Newton’s law of gravity,

which had prevailed for more than 200 years, so I have been searching for a larger theory, a modification of general relativity that would fit the data without the need to posit dark matter, and would contain Einstein’s theory

just as Einstein contains Newton. Unlike the alternative gravity theories  known today, my mature Modified Gravity theory, contains no physical instabilities. It is as robust a gravity theory as general relativity, and fits all the current astrophysical and cosmological data without dark matter.

Modified Newtonian Dynamics (MOND) by Milogram predicted a modified Newtonian acceleration law that could fit the large amount of anomalous rotational velocity curve data from galaxies obtained by astronomers since the late 1970s, which showed stars rotating at the edges of galaxies at twice the rate predicted by Newton and Einstein. My aim is to try to explain the data without the conventional reliance on exotic dark matter. 
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In Newton’s view, all objects exert a force that attracts other objects. That universal law of gravitation worked pretty well for predicting the motion of planets as well as objects on Earth and it's still used, for example, when making the calculations for a rocket launch. But Newton's view of gravity didn't work for some things, like Mercury’s peculiar orbit around the sun. The orbits of planets shift over time, and Mercury’s orbit shifted faster than Newton predicted. In spiral galaxies, the orbiting of stars around their centers seems to strongly disobey Newton's law of universal gravitation. 

During the 1970s, astronomers discovered something odd about the movement of stars in galaxies. Like the planets orbiting our sun, the stars should follow Newton's law of gravity, and travel ever more slowly the further out they are from the galactic centre. Yet beyond a certain distance, their speeds remained more or less constant - in flat contradiction of Newton's law.
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Astronomers quickly proposed a solution: that there are huge amounts of invisible "dark matter" lurking in and around galaxies, whose gravitational pull invisibly affects the stars. But Prof Milgrom had a more radical proposal: that there is something wrong with the law of gravity itself. His calculations suggested that the anomalous motion of the stars could be explained if Newton's law breaks down for masses accelerating below a critical rate of around one ten-billionth of a metre per second per second.

For over 25 years Professor Mordehai Milgrom of the Weizmann Institute in Israel has been pursuing the possibility that both Newton and Einstein missed something when they devised their theories of this most ubiquitous of forces. 

According to Einstein, mass warps the very fabric of space and time around it, rather like a cannonball sitting on a vast rubber sheet. This creates the illusion that objects moving past some mass are accelerated by a mysterious "force" emanating from it. In reality, they are just responding to the distortion of space and time - the effect of which is described in detail by Einstein's theory, and captured pretty well even by Newton's simple formula.

Since the early 1980s, Prof Milgrom has suspected there is another flaw in Newton's venerable formula - one which even Einstein failed to fix. And after decades of being ignored by the scientific establishment, there is mounting evidence that he is right.

Prof Milgrom's theory goes by the prosaic name of Modified Newtonian Dynamics or MOND, and is based the bizarre idea that Newton's law of gravity breaks down at low accelerations. And he means very low: around 100-billionth that generated by the Earth's gravity. Like Newton, Prof Milgrom was inspired by a simple observation - albeit a rather more esoteric one than the fall of an apple. 
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MOND was proposed by Mordehai Milgrom in 1983. The basic premise of MOND is that while Newton's laws have been extensively tested in high-acceleration environments, they have not been verified for objects with extremely low acceleration, such as stars in the outer parts of galaxies. Several independent observations point to the fact that the visible mass in galaxies and galaxy clusters is insufficient to account for their dynamics, when analysed using Newton's laws. 

While Newton's Laws predict that stellar rotation velocities should decrease with distance from the galactic centre, Rubin and collaborators found instead that they remain almost constant the rotation curves are said to be "flat". This observation necessitates at least one of the following: 

1) There exists in galaxies large quantities of unseen matter which boosts the stars' velocities beyond what would be expected on the basis of the visible mass alone, or 

2) Newton's Laws do not apply to galaxies. The former leads to the dark matter hypothesis; the latter leads to MOND. 

In the disc galaxies most of the mass is at the centre of the galaxy, this means that if you want to calculate how a star moves far away from the centre it is a good approximation to only ask what is the gravitational pull that comes from the centre bulge of the galaxy. 

Einstein taught us that gravity is really due to the curvature of space and time but in many cases it is still quantitatively incorrect to describe gravity as a force, this is known as the Newtonian limit and is a good approximation as long as the pull of gravity is weak and objects move much slower than the speed of light. It is a bad approximation for example close by the horizon of a black hole but it is a good approximation for the dynamics of galaxies that we are looking at here. 

It is then not difficult to calculate the stable orbit of a star far away from the centre of a disc galaxy. For a star to remain on its orbit, the gravitational pull must be balanced by the centrifugal force,
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You can solve this equation for the velocity of the star and this will give you the velocity that is necessary for a star to remain on a stable orbit,
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As you can see the velocity drops inversely with the square root of the distance to the centre. But this is not what we observe, what we observe instead is that the velocity continue to increase with distance from the galactic centre and then they become constant.
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Galaxy data that show that Newtonian and Einstein gravity do not fit the observed speed of stars in orbits inside a galaxy such as NGC 6503 

This is known as the flat rotation curve. This is not only the case for our own galaxy but it is the case for hundred of galaxies that have been observed. The curves don’t always become perfectly constant sometimes they have rigorous lines but it is abundantly
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