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    PLANETARY ORBITS AND THE PCVANAZZI FORCE


    ... gravitational interaction decreases according to the inverse square of the distance between the bodies. But if we include the PCVanazzi force, this will…


    To understand the reason our moon is circling around the planet Earth, and they both circling around the Sun, we can begin with an analogy. If you throw a dart toward a target hung on the wall of the pub you usually go to the happy hours, are doing exactly the same as launching a rocket, such as the Saturn V of the Apollo project.


    We can calculate how fast a rocket should be shot from the surface of the planet Earth in order to escape the bond of the gravitational interaction. As an analogy, let us consider a company that uses a crane to move cement in a bowl to upper stages of a building. This is the same as moving an amount of concrete from the street level to any level of the building, this is the same as bringing a piano from the ground floor to another upper level, let us suppose it is going to the third level. This means that the work of carrying the piano, which is heavy, is also proportional to their weight.


    Everybody will agree that to carry a piano, to lift a piano, up three floors takes three times more work than to bring it up only one floor. The work of carrying heavy bodies is also proportional to their weight, and carrying up eight chairs, one does eight times more work than carrying up only one chair.


    This is an analogy about the work necessary to lift, a rocket sufficiently high enough to put it into a prescribed orbit, or the work of bringing it higher, so that the device would land on another planet, or on our natural satellite. In solving problems of this kind, one must remember that the gravity interaction decreases with the distance from the center of the planet Earth, or any other celestial body. But the higher one lifts an object, the easier it will be to lift it still higher.


    The gravitational force changes with the distance from the center of any celestial body, or any heavy or light elementary particle. In order to calculate the work necessary to raise an object from the surface of any celestial body, without calculating its angular velocity, one needs to know the distance from the surface of the celestial body to its center, which we will call R, or it is the radius of the body.


    With this one knows that for each distance of the size of the radius of the body above the surface, the gravitational interaction will decrease to 1/4. With the sum of another size of the radius, the interaction of the gravity will decrease to 1/9. With the sum of another size of the radius the interaction will decrease to 1/16. with another to 1/25, another to 1/36.


    Taking into account the continuous decrease of gravitational interaction, one divides the distance of the size of the radius of the celestial body by the distance that is increased into a large number of small intervals dr, and consider the work done while covering that distance.


    Since for a small variation of distance the gravitational interaction can be considered as practically constant, the work done is the product of the force moving the body by the distance moved. If one goes to the limit of infinitely small displacements, we conclude that the total work of lifting an object from the surface of a celestial body to the high as the size of the radius of the celestial body, is the area under the curve representing the force of interaction, which may be represented by
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    Where W is the work to be done, Rcb is the radius of the celestial body, r is the distance above the surface of the celestial body, G is the gravitational constant, M is the mass of the celestial body, m is the mass of the object that is above the surface of the celestial body, and r is the distance between the two masses M and m.


    In the just written formula, since constants are not affected in the process of integration, one can remove the constants G, M, and m from one side of the integral sign to the other side and multiply it with the final result of the integration. The result of the integration of 1/r2 is -1/r, thus the work to be done is W= -GMm/r – (-GMm/Rcb) which is the same as W=GMm[(1/Rcb)-(1/r)].


    The gravitational potential PR, which is referred to the mass to be lifted from the surface of the celestial body, may be considered as that the work done to lift a unit of mass from the surface of the celestial body to a certain distance out into space is equal to the difference of the gravitational potential at these two places, or PR = -Gm/r.


    These considerations were known by Newton in his early studies referring to the gravity but faced a more complicated task in explaining the exact laws of the motions of the planets around the Sun, as the planetary satellites. But these laws were discovered more than half a century before by the German astronomer Johannes Kepler who, studying the motion of planets in respect to fixed stars, despite obtained some data from his teacher Tycho Brahe (1546-1601), found that the orbits of all planets are ellipses with the Sun located in one of the foci.


    An ellipse is defined by the ancient Greek mathematicians as the cross section of a cone cut by a plane inclined to the cone’s axis. The larger the inclination of the plane the more elongated the ellipse. If the plane is perpendicular to the cone’s axis, the ellipse becomes a circle. There is another definition that is that an ellipse is a closed curve with the property that the sum of the distances of each of its points from two fixed points on the longer axis, the foci, is always the same.


    The second law of Kepler states that the motion of planets along their elliptical orbits proceeds in such a way that an imaginary line connecting the Sun with the planets sweeps over equal areas of the planetary orbit at equal intervals of time. As an example, the distances of the planets Mercury, Venus, Mars, and Jupiter, expressed in terms of the distance of the planet Earth from the Sun, which is called astronomical unit of distance (AU), are 0.38 AU, 0.723 AU, 1.524 AU, and finally Jupiter with 5.203 AU, while their rotation around the Sun are 0.241 years, 0.615 years, 1.881 years, and finally Jupiter with 11.86 years, respectively.


    If one takes the cubes of the units of distance from the Sun, or the first sequence of numbers, and divides by the squares of the period of rotation, or the second sequence of numbers, we obtain identical numerical results.


    According to Newton, he had proved that the Law of Universal Gravity is exactly correct, or planetary orbits deviating from circles to form ellipses, will have the Sun in one of the foci. The same goes with for the natural satellite of planet Earth, the moon, since its orbit is not exactly a circle, but one ellipse with the planet Earth in one of the foci.


    As Newton could not establish a proof by the classical geometry of circles and straight lines, he developed the differential calculus essentially for dealing with that problem. Using Newton’s basic law of mechanics, which is that the acceleration of motion in any direction is proportional to the component of the force acting in that direction, one obtains the so-called differential equations of the motion of the planets, and this motion must proceed along an ellipse with the Sun in one of the foci in such way that the radius vector sweeps equal areas during equal time intervals.


    Newton wrote in his book Mathematical Principles of Natural Philosophy that if standing on the top of a mountain and one shoots a bullet in a horizontal, its motion will consist of two components, or a horizontal motion with a determined velocity, and a second component, or an accelerated free fall under the influence of the gravity interaction. The result of both movements is that the projectile will describe a parabolic trajectory and hit the surface some distance away from the departure place.


    Suppose that the surface of the planet Earth was flat, the bullet would always hit the surface of the planet in some local, even though the impact might be very far away from the place of departure. But as planets are normally rounded, or its surface continuously curves under the projectile’s trajectory, and at a certain limiting velocity, the bullet’s curving trajectory will follow the curvature of the planet Earth, which means that, if there were no air resistance, the projectile would never fall on the surface, but would continue circling the planet Earth at a constant altitude.


    Considering the displacement of the moon as a continuous fall which all times misses the planet Earth, Newton could calculate the force of gravity that the moon suffers. Newton got the conclusion that the moon takes 27.3 days, or 2.35x106 seconds, for a complete revolution around the planet Earth. This means that the acceleration of the falling moon, which is at a distance of 384,400 kilometers from the planet Earth, is the value of 0.27 cm/s2, which is 3,640 times smaller than the acceleration of 981 cm/s2 on the surface of the planet Earth.


    Clearly the force of gravity decreases with the increase of distance from the surface of the planet Earth. Let us suppose that Newton really observed the apple falling down from the tree pushed him toward the creation of the gravitational law. The falling apple is at the distance of 6,371 kilometers from the center of the planet, while the moon is at the distance of 384,400 kilometers, or 60.1 times farther than the apple from the center of the planet.


    Newton noticed that if comparing the two ratios 3,640 and 60.1, he noticed that the first is almost exactly equal to the square of the second. This means that one can conclude that the gravitational interaction decreases according to the inverse square of the distance between the bodies. However, if we include the PCVanazzi force, this will change according to the position of each body and their respective equatorial planes.


    If we disregard the PCVanazzi force, if the planet Earth attracts the Newton’s apple and the moon, we can suppose that the Sun also attracts they both and, consequently, all the planets, which determine their orbits around the Sun. Because this, one can also conclude that there is an attraction between individual planets, and there is a disturbing gravitational force which reflects on their orbits around the center of mass of the system.


    This leads us to think that two oranges should attract each other, though the force between them may be extremely weak to be noticed by our senses and instruments. But suppose we have two oranges with extremely high densities, the attraction between them will be greater than the attraction between the two oranges with small densities. This means that the force of universal gravitational attraction depends on the mass of the interacting bodies, or the bodies of the universe.


    According to one of the basic laws of mechanics formulated by Newton, or “a given force acting on a certain material body communicates to this body an acceleration which is proportional to the force and inversely proportional to the mass of the body” indeed, it takes twice as much effort to bring up to the same velocity a body with double mass. This leads us to Galileo, who found that all bodies, independently of their weight, fall with the same acceleration when submitted to a gravitational field, which implies that one must conclude that the forces pulling the bodies down are proportional to their masses, or their resistance to acceleration.


    This means that gravitational force might also be expected to be proportional to the mass of another body. The gravitational interaction between the planet Earth and the moon is very large because both bodies are very massive, but according to this the angular velocities of they both are not taken in consideration, if in the case we use the angular velocities of they both, we will have different interactions, or the attraction between they both will be greater.


    According to the PCVanazzi force, if the planet Earth, or if the moon, by any type of collision, or any phenomenon that could make one of them, or they both, increase their angular velocities, we should have as consequence an attraction between they both greater, keeping their masses, or not acquiring any matter or losing any matter.


    Now that we know how forces of terrestrial gravity hold the moon orbiting around the planet Earth, and how the Sun’s gravity interaction makes the planet Earth, as well as the other planets of the solar system, move around it along an elliptical trajectory, Newton decided to spend some time of his attention to the question of the influence which these two celestial bodies exert on the rotation of the planet Earth about its axis.


    Newton realized that because of axial rotation of the planet Earth, it must have the shape of a compressed spheroid, since the gravity at the equatorial region is partially compensated by the centrifugal force. Indeed, the equatorial diameter of the planet Earth is approximately 42.72 kilometers longer than the polar diameter, and the acceleration of gravity at the equator is 0.3 percent smaller than at the poles. But the planet Earth can be considered as a sphere surrounded by an equatorial bulge, which is approximately 42.72 kilometers thick at the equator of the planet, where it gets its higher value, coming down to zero at the poles of the planet Earth.


    While the gravitational forces of the Sun and the moon acting on the material of the spherical part of the planet Earth are equivalent to a single force applied in the center, the forces acting on the equatorial bulge do not balance that way. Indeed, since gravity decreases with the distance, the force acting on the part of the bulge which is turned to the attracting body does, such as the Sun and the moon, is larger than the force on the opposite side where the Sun, or the moon, or both, are. As a result, there appears a kind of twist-force, or torque, tending to straighten the rotational axis of the planet Earth, making it perpendicular to the planet Earth’s ecliptic.


    Considering that the planet Earth is actually a giant spinning top, in its movement like the toy, when set up in fast angular velocity, the spinning top does not fall down, as in our intuition it should, but maintains an inclined position in respect to the floor and while it spins, the rotation axis describes a wide cone around the vertical orientation. Because the friction, the spinning of the top slows down and falls on the floor, under the interaction of the gravity, but if it remains with the projection of its gravity center inside the area where the spinning top is, it will remain up, despite in an unstable equilibrium.


    But this happens under the influence of a strong gravity interaction while the planet Earth, describing a movement around its axis which provides us the seasons along years, is not under the influence of a gravitational field as the spinning top is, so the reason the seasons occur, instead falling as the spinning top, there is a kind of force that makes the planet Earth, and other celestial bodies, varies the angle of their axis related to the ecliptic, which is very strong.


    The spinning top is supported on one point that is on the floor, while the planet Earth is not supported in any point. This means that it will not fall down, but it should spin about an equatorial axis. It is supposed to behave like that because the principle of the gyroscope.


    But this does not explain the astonishing orbit of the planet Mercury, which runs against the Newton’s Universal Gravitation Law. The planet Mercury has its perigee changed all the time, or this is the same as changing the foci of an ellipse all the time, but one of the foci of the ellipse drawn by the planet mercury is the Sun, which remains in its place all the time, so there is some other explanation for the orbit of the planet Mercury about the Sun.


    Einstein came with a solution for this problem when proposed a correction to the calculation of Mercury’s orbital precession using the general theory of relativity.


    But another important influence of the Sun and the moon on the planet Earth, is the deformation of the shape of the planet, which happens on the shape of the other planets of the solar system with higher or lower intensity, which is the phenomenon known as tides.


    Newton noticed that the periodic rise and fall of the ocean level results from the gravitational interaction that occurs because the Sun and the moon on the waters, more noticeable on the ocean waters that are close to the shores.


    However, the big interaction happens under the influence of the moon because, even though it is much smaller than the Sun, it is much closer to the planet Earth, and consequently, to the surface of the planet and its waters.


    However, Newton argued that since gravity interaction decreases according to the distance between two bodies, the pull exerted on the ocean waters on the moonlit, or Sunlit, side of the planet Earth is greater than that on the opposite side, and therefore, must lift the waters above the mean level of the place where the waters are.


    Suppose the moon were fixed in a given stationary position above the surface of the planet Earth, and the planet continuing on its rotational movement, the attracting because the influence of the moon would raise the whole water that is close to the moon and on the opposite side. It means that there are always, as the planet rotates about its axis, waters close to the moon.


    But depending on the position of the Sun and the position of the moon, the tides will have different intensities. The solar tides happen because the motion of the planet Earth around the Sun where the linear velocity of the side turned toward the Sun is smaller than the linear velocity of the center of the planet, which, on the other hand, is slower than the velocity of the surface fastest of the Sun, or the rear side.


    The linear velocities of the orbital movement under the influence of solar gravity must decrease according to the distance from the Sun increases. This means that a particle on the surface of the planet Earth that is closer to the Sun has less linear velocity than that particle on the surface of the planet that is farther from the Sun, which has higher linear velocity, which will have the tendency to move farther away from the Sun.


    On the side of lunar tides, one can use the same way of thinking, which is exactly the same if one remembers that both of the planet Earth and the moon move around a common center of gravity. If we consider that the moon is about eight times lighter than the planet Earth, their common center of gravity is about one-eightieth of the distance from the center of the planet Earth. This distance is the same as sixty times the radius of the planet Earth, which means that one could conclude that the center of gravity of the system Earth-moon is located approximately at 60 divided by 80, which is equal to 3/4 of the planet Earth’s radius from its center. In spite of a quantitative difference in geometry, if we consider a sphere or a spheroid, the argument continues the same.


    The waters of the planet Earth form two bulges, which means that one is directed to the common center of gravity, which is directed to the moon, and the other is in the opposite direction.


    According to the translation movements of the planets, sometimes occur an alignment of planets and satellites. When the planet Earth, Sun, and the moon are located on one straight alignment, which is during the new and full-moon periods, the tidal action of the moon and the Sun add up and the tides are remarkably higher.


    During the first and last quarters, on the other hand, lunar high tides coincide with solar low tides, and the resulting effect of the sum of the tides is reduced. But it is known that celestial bodies are not absolutely rigid. The lunar-solar tidal forces interact with the celestial bodies and deform the body, but these deformations are considerably smaller than those in the liquid system. However, the deformation of the surface of a liquid surface may be compared to the deformation of a solid surface.


    If one considers the planet Earth that every twelve hours the surface of our planet is deformed approximately thirty centimeters, as compared with approximately one and a half deformation of the ocean’s surface, and since the deformations of the planet Earth’s crust happens slowly, one does not realize that one lives on a rocking foundation, but when one observes the ocean tide rising at the shores of the countries, one must realize that what one sees is only the difference between the vertical motion of the soil and the water of lakes, sea, or oceans.


    The observed and not observed tides of the water along the globe experience frictions at the bottoms of the oceans, but especially in shallow waters, and also lose energy colliding with the country shorelines. The continuous work done by the tides amounts to about two billion horsepower. As a result of this dissipation of energy, according to some scientists, the planet Earth slows in its rotation about its axis. This loss of energy because the tides if compared with the energy of the planet Earth’s rotation corresponds to approximately 2x10-8 seconds per rotation, or each day the angular velocity of the planet is two hundred millionths of a second longer than the previous rotation.


    Despite this change on the period of every day is extremely small, after millions of years this represents something substantial. The effect accumulates year by year. One hundred years contain 36,525 days, considering it one hundred years ago, a day used to be 0.0007 seconds shorter than nowadays.


    This slowing down in the angular velocity of the planet Earth explains a discrepancy that makes astronomers to scratch their heads. Indeed, comparing the positions of the Sun, moon, the planet Mercury, and the planet Venus related to the stars, astronomers noticed that they seemed ahead of time if compared to the position calculated one hundred years ago on the basis of celestial mechanics.


    The discrepancy of a few seconds in timing astronomical events should be attributed to the slowing down of the planet Earth, and not referring to the supposed speeding up of the celestial bodies. A study of the problem of how, in long period of time, the loss of energy through tidal friction affects the Earth-moon system, the slowing down the planet Earth’s angular velocity was realized, astronomers used the planet Earth as a perfect clock, but because the receding angular velocity, they introduced a correction related to the tidal friction. This energy related to the tidal friction that affects us, is related to the mechanical quantity known as angular momentum of a revolving body, or a rotating body about its axis.


    To better understand, let us consider a mass m revolving with the angular velocity v around a fixed axis at a distance r from the axis. This could be compared as if the planet Earth is the mass m revolving about the axis where the Sun is located, or the moon as the m mass revolving about the axis where the planet Earth is located, or just a stone tied to a string in the hand of a Palestinian boy swinging it around. This is what happens in our times to celestial bodies, and their angular momentum is defined as the product of the mass of the body times the velocity and the distance from its axis. Calculation of the angular momentum of a rotating rigid body is done by summing the angular momentum of every small pieces of matter that forms that body.

  


  
    STARS AND GALAXIES


    …it may contract faster than the more massive star due to the PCVanazzi force, which means that the faster a body rotates, the greater is its gravitational interaction in the region of its equator, so more material will be attracted…


    When we look at the sky in the night, the stars we see one day will not be there anymore. Stars born, live, and die. In our reference of time, they live millions or billions of years. Our Sun for instance is supposed to have approximately more than five billion years until it begins to die.


    To understand a star formation, the main point is the correlation between young stars and the clouds of gas. Where you can find young stars, you find large clouds of gas illuminated by the hottest and brightest of the new stars, as in Nebula N44 for example. But how these large, low-density cold clouds of gas become comparatively small, high density, hot stars? The answer is gravity.


    A typical diameter of 50 parsec (pc) cloud of gas with its mass exceeding 105 solar mass is vastly larger than a star. The gas in a giant molecular cloud is about 1020 times less dense than a star and has a temperature extremely low.


    These giant clouds can form stars because gravity can force some regions of the clouds to contract to a higher density than before and higher temperature. But observations suggest that many giant clouds of gas cannot begin the formation of dense cores spontaneously. The star begins to be formed around this dense core.


    Some factors resist the contraction of the gas cloud and gravity must overcome these factors before the star formation can begin. Thermal energy in the gas is present as motion among the atoms and molecules. This thermal motion would make the cloud drift apart if gravity were too weak to hold it together.


    An interstellar magnetic field is another item that gravity must overcome to make the cloud contract. Neutral atoms and molecules are not affected by the magnetic field, but ions suffer the action of the magnetic field and can move according to it. Although the gas in a molecular cloud is mostly neutral there are some ions. The magnetic field in our Milky Way galaxy averages only about 10-4 times strong as that on the planet Earth.


    Another factor is rotation. Everything in the universe rotates at some value. As the gas cloud begins to contract, it spins more and more rapidly even due to the magnetic field. The rotation can also be because of collisions among atoms and molecules. The cloud of gas spinning more and more rapidly resists further contraction of the cloud.


    The turbulence in the interstellar medium is another factor that could prevent a cloud from contracting. Nebulae are often twisted and distorted by moving currents in the interstellar medium. This turbulence could make it difficult for a large molecule cloud to contract.


    Another thing is the random of other external forces that could help the formation of the cores or, on the other hand, help to avoid any formation of the newborn stars. An example could be the gravitational interaction of a cluster of stars, a supermassive star in the vicinity of the cloud, etc.


    We saw some factors that avoid the formation of stars, but there are factors that help the formation.


    Despite the factors listed above, it seems surprising that giant molecular clouds can contract, form dense cores, and eventually become a star.


    Observations and theories suggest that many giant molecular clouds are triggered to form stars by a passing shock wave. Because of this, a few regions of the cloud can be compressed to densities that the resistive factors can no longer oppose gravity, and the star formation begins.


    A supernova explosion can produce powerful shock waves that rush through the interstellar medium. The ignition of very hot stars can ionize nearby gas and drive it away to produce a shock wave where it pushes into the colder, denser interstellar material.


    Another trigger for the formation of stars is the collision of molecular clouds. Because the clouds are large, they are likely to run into each other occasionally, and because they have magnetic fields, they cannot pass through each other. The collision between clouds can compress parts of the clouds and trigger star formations.


    Another possibility is that when a cloud passes through a spiral arm of a galaxy, the clouds could be compressed, and the star formations could begin. Astronomers have identified regions of star formations where this kind of process can be observed. Rotation, magnetic field, and turbulence probably are important factors in a giant cloud of gas to form stars.


    Once a cloud of gas begins to contract, gravity draws the atoms toward the center. This means that the atoms and molecules are falling toward the center and when something fall gathers velocity. Some astronomers refer to this behavior as a free-fall contraction. The closer the atoms and molecules reach near the center where they are falling in, the higher is their velocities, and atoms and molecules begin to collide with one another, and the temperature of the gas increases. The gravitational energy is converted into thermal energy. The fragments of a collapsing cloud as it contracts heats up and begins to have a star.


    The contraction of the cloud cannot lead directly to the formation of a protostar because the cloud has some net rotation. The rotation of the cloud may be very small at first, but its rotation must grow more and more as it contracts and conserves its angular momentum. The amount of gas that has lost its angular momentum because of collisions, can fall directly to the center of the cloud, where the protostar begins to be born.


    The protostar begins to create a disk around it. As more gas falls inward, it passes through the disk, giving up much of its angular momentum before it sinks into the protostar. This is the same as saying that a protostar is formed at the center of the spinning disk of gas.


    Astronomers believe that the planets are formed within these disks. The planet Earth was formed around the protosun approximately 4.6 billion years ago. Shreds of evidence are very strong that planetary systems are formed in these protostellar disks.


    Note that the disk is formed around the equator of the protostar, not around its poles. This means that the gravity field is stronger in the region of the equator. More massive stars have stronger gravity and contract more rapidly. It is supposed that the Sun took about 30 million years to reach the main sequence to become a star. A 30 solar masses take only 30,000 years, while a 0.2 solar masses star needs approximately one billion years to contract from a gas cloud to begin to become a star.


    Despite more massive stars have stronger gravity and contract more rapidly than less massive stars, it is important to notice that, if for any reason the less massive star gets a bigger angular momentum, it may contract faster than the more massive star due to the PCVanazzi force, which means that the faster a body rotates, the greater is its gravitational interaction in the region of its equator, so more material will be attracted to the star.


    Gravity is the force that keeps the star in balance during its life not allowing it to blow up and fly apart, also contributes to the process that prevents it to collapse.


    As written before, as a rabbit, or a chicken, or a tree, stars are born, live their lives, and finally, die. But their lives may be measured in millions or billions of years. We do not have enough living time to check it out with one star, that is the reason that astronomers study different types of stars and piece together the entire life of a star.


    A star begins its life as a cloud of gas and dust to form a protostar. The cloud of gas begins to shrink until nuclear fusion reactions start in its core. The first reactions fuse hydrogen to make helium, later helium is changed into carbon, oxygen, and, in the biggest stars, iron. When there is not enough fuel to burn to counteract gravity the star collapses. For a few massive stars, this results in a supernova explosion.


    Stars spend most of their lives generating energy by nuclear reactions that mainly convert hydrogen into helium. As the hydrogen is gradually used, the star becomes slightly hotter and bigger.


    As the hydrogen fuel runs out, the star expands to become a red giant. The core is now hotter, and the star uses its helium to make carbon and oxygen. Nuclear reactions produce heavier and heavier elements as time passes and later a core of iron is built. Eventually, the iron core collapses, and the star explodes as a brilliant supernova, and a part of its matter is blown away. The collapsed star survives as a neutron star, or white dwarf, or a black hole. Each one of them will depend on their solar masses.


    The Orion Nebula is the star-forming region nearest to Earth, about 1,500 light-years away in the direction of the constellation of Orion. Stars and protostars are concealed in the thick clouds of dust that surround the heart of the nebula. The Orion Nebula itself is burning its way through a much larger cloud that may contain as much as 500,000 solar masses of dust and gas.


    Another well-known star-forming region is the Omega Nebula, about 500 light-years away. Thick dust clouds block visible light from the inside of the nebula, but infrared light passes through the dust to show newborn stars.


    One star is one star, a group of stars makes a constellation, the sum of millions or billions of stars makes a galaxy. Galaxies are vast spinning collections of stars, gas, and dust. Everywhere we look at the sky we see billions of them ranging in size from fewer than a million stars to a trillion or more, and tens of hundreds of thousands of light-years across. Some are simple ovals packed while other are rotating spiral with trailing arms of young stars and glowing gas, like our Milky Way. The galaxies are held together by their own gravity, but astronomers wonder the reason galaxies are the shape they are. This book will answer this question.


    Galaxies have many shapes such as elliptical, irregulars, barred spirals, but a great number of all galaxies are ball-shaped collections of old stars with no sign of spiral arms or a disk.


     Elliptical galaxies have very little dust and gas, and no stars are being formed inside them. Elliptical are denoted E followed by a number. E0 galaxies are almost circular, while E7 galaxies are flattened ovals. For example, NGC 3379 is type E0, galaxy M32, type E2, M59, type E5.


    Irregulars (type Irr) have no regular shape and are rich in gas and dust. The Magellanic Clouds, the two companion galaxies of the Milky Way, are irregulars. The galaxy M82, which is going through a massive burst of star formations, is classified as irregular.


    Barred spirals have a straight bar of material running through the hub and extending on either side. The bar may be a temporary pile-up of stars rather than a permanent part of the galaxy. Barred spiral is denoted by SB and, like ordinary spirals, are followed by the letter a, b, c, or d to indicate the tightness of the arms and the size of the hub. The galaxy NGC 2859, type SBa, and the galaxy NGC 5850, type SBb are examples of barred spiral galaxies.


    Spiral galaxies, such as Milky Way, are spiral in shape. An elliptical central hub of old stars is surrounded by a flat disk of stars containing two or more spiral arms. The arms have a lot of young stars, bright nebula, gas, and dust. Spiral galaxies are denoted by S followed by a, b, c, or d. Sa galaxies have a large hub and tightly wound arms, while Sd galaxies have a small hub and very loose arms. About one-third of all galaxies are spirals or barred spirals. The galaxy NGC 2841, type Sb, and M 101, type Sc are examples of spiral galaxies.

  


  
    BLACK HOLES AND THE PCVANAZZI FORCE


    According to the PCVanazzi force, if the telescopes were concentrated observing polar regions of black holes, the probability to find such kind of electromagnetic radiation might be more plausible and confirms Hawking’s predictions.


    After millions, or billions, of years the star will be a victim of its own gravity, since the fuel that supports its life begins to decrease and finally finishes. Then the star begins to crunch down and may become a black hole. I say it may become a black hole because of its mass, but for this to happen it is necessary to follow some rules. The mass of the Sun is important in the study and formation of a black hole because it became a standard of measurement when talking about how massive a star or black hole is.


    In a star there is the gravity which fights to crunch it down, so to draw the atoms and particles closer together. Gravity would cause the star to collapse in on itself. However, on the other hand, gravity brings nuclear fusion and thus a great heat released in the nuclear reactions. The fusions make hydrogen become helium, and this transformation despite releasing heat also releases enough pressure in the gas to balance the gravitational attraction, so the star does not collapse.


    But when the accumulation of helium ash gets big in the central furnace of the star, the core begins to collapse, but this collapse produces higher temperatures and the star reignites, this time transforming helium into carbon and swelling into a red giant.


    When most of the hydrogen had fused to helium and some of these into carbon and, in more massive stars, into heavier elements, the star finally exhausts its fuel. Nuclear reactions happen less and less as the fuel runs out. There is less and less heat and as consequence, less and less internal pressure to counteract the gravitational attraction. The cooling star begins to shrink and collapse in on itself.


    The rule that must be followed by a star to become a black hole depends on its mass. There are three possible consequences for a collapsing star. The first is that it may become a white dwarf with a radius of a few thousand kilometers, not too much smaller than the Earth, but with a density of hundreds of tons per cubic centimeter. There are many white dwarfs in our part of the Milky Way galaxy. There is one orbiting Sirius, the brightest star in the night sky. The Sun probably will end up as a white dwarf.


    The second is that the star crunches down until its circumference is approximately one hundred kilometers, ending up as a neutron star with a density of millions of tons per cubic centimeter. Pulsars are neutron star.


    The third is that the star continues to collapse until it forms a black hole.


    The Indian physicist in 1922, called Subrahmanyan Chandrasekhar (1910-1995), calculated that if a star mass is less than 1.4 times the mass of our Sun, gravity will not be able to transform this star in a black hole, it will become a white dwarf. This number 1.4 is called “Chandrasekhar limit.” The current consensus is that the maximum allowed mass for a neutron star lies between 1.5 to 3 solar masses. Suppose we have a star a little more massive than the maximum allowed mass for neutron stars probably will become a black hole, but not necessarily.


    During the explosion, the star throws out some of its matter, thus reducing its mass before continuing to collapse. If the total mass before the collapse of the star is at least greater than the mass of the black hole being formed, why does it allow electromagnetic radiation to be radiated toward the space while it is a star and a few moments become a black hole, and the new black hole, with at least the same or less mass, does not allow the electromagnetic radiation to be emitted?


    It is a contradiction or a paradox because the amount of mass that produces a huge gravitational interaction allows electromagnetic waves to fly away and as soon as it becomes a black hole does not allow the electromagnetic waves to fly away anymore. However, in the poles of the black holes it is allowed.


    A black hole has some characteristics such as singularity, event horizon, circumference, angular momentum or not, ergosphere, etc. All matter of the black hole is in the singularity. When a star crunches down and becomes a black hole, the whole matter goes to the singularity which has infinity pressure, density, and space-time curvature, unless something falls into the singularity.


    The event horizon is the area that surrounds the singularity and there is nothing physical inside it because the whole matter is in the singularity.


    Its circumference may be designed by multiplying 18.5 kilometers by its solar mass. So, a ten-solar mass black hole has a circumference of 185 kilometers, which implies that the radius is approximately 29.45 kilometers. So, imagine a star with ten times the mass of our Sun and when it becomes a black hole its radius decreases to 29.45 kilometers.


    The angular momentum, or not, is another characteristic of the black hole. Probably the star you are thinking now or will watch tonight is about to become a black hole. Probably this star is rotating. We can expect the rate of its rotation to increase enormously when the star crunches down and becomes a white dwarf, or neutron star, or black hole. The smaller the new radius becomes the faster it spins. There is a black hole, the supermassive black hole NG1365 that is supposed to rotates at a speed almost of the light. It is located at 60 million light years from Earth and is about two million times the mass of the Sun.


    Consider a skater doing a spin with her arms extended, she rotates slowly on the skate, but when she draws her arms tightly against her body, the rate of spin increases. One thing is kept in this process, one thing is conserved, the angular momentum.


    However, some black holes do not spin, so it has not any angular momentum. This means that the event horizon is the same as the ergosphere as predicted by the PCVanazzi force. On the other hand, when a black hole has spin, the event horizon never will be the same as the ergosphere. The bigger the spin, or angular momentum, the bigger will be the difference between event horizon and ergosphere. But at this point there is a singular peculiarity. In the poles the difference between they both is none, the event horizon coincides with the ergosphere, but as we go toward the equator of the black hole, the difference gets bigger and bigger. It is the same as comparing a circle inside an ellipse. When the spin is very big the ellipse will be more elongated, the bigger the spin the more elongated the ellipse. This ellipse is the ergosphere. That black hole NG1365 that spins at almost the speed of light has a tremendously elongated ellipse, or ergosphere.


    Ergosphere is a region located outside a rotating black hole that has an oblate spheroidal shape that touches the event horizon on the poles and extends to a greater radius at the equator. In this region gravitational forces start to interact with objects’ movements. Matter inside the ergosphere can no longer remain stationary in space. The influence can be extremely strong or extremely weak depending on the distance between the object and the event horizon. Near to the event horizon, where the escape velocity is close to the speed of light, gravitational attractions will rip objects apart and draw their material in. Far away from the event horizon these effects are very weak. Objects in the ergosphere can escape the gravitational forces of the black hole if their speed is higher than the appropriate escape velocity.


    General relativity theory predicts that any rotating mass pulls surrounding space-time with it. This makes the ergosphere not exclusive of black holes but present in any cosmic object with mass.


    A black hole can also be seen under the perspective of the String Theory, so before the String Theory the discrepancy between general relativity and quantum mechanics was an affront to our feelings that the laws of nature should fit together in a coherent whole, but the extreme physical conditions that occurred at the supposed big bang and that prevail within black holes cannot be understood without quantum mechanical formulation of the gravitational force.


    With the proposition of the String Theory, light at the end of the tunnel appeared, and a hope of solving these mysteries popped up.


    A black hole is usually depicted as the most gargantuan of heavenly bodies, which is radically different from elementary particles, which are the most minute specks of matter and energy. However, maybe they both, the black hole and the elementary particles are, perhaps, not as different as one might imagine.


    Despite black holes are not alike, they have different masses, maybe different electric charge, and some other force charges, it also can carry the rate at which it spins. Any two black holes with the same mass, which I guess is impossible, with the same charges, and spin are completely identical according to some scientists, black holes have other intrinsic features that distinguish one from another. The similarity of the defining traits has led to many physicists to propose the strange speculation that black holes could actually be considered gigantic elementary particles. Despite according to Einstein’s theory, there is no minimum mass for a black hole, which is on the contrary to what is established for the minimum number of solar masses for a black hole be formed. This means that a black hole requires a minimum amount of matter to be formed.


    However, back to Einstein, let us suppose he is right, or that there is no minimum mass for a black hole, if one crushes a bunch of matter of any mass to a small enough size, a straight-forward application of general relativity shows that it will become a black hole. Moreover, one can imagine a thought experiment in which one starts with every lighter blob of matter, the lighter the mass, the smaller one must crush it, crush them into ever-smaller black holes, and compare the properties of the resulting black holes with properties of elementary particles. For small enough masses, the black holes formed in this way will look very much like elementary particles. According to this, both will look like tiny bundles characterized completely by their masses, force charges, and spins.


    However, black holes with masses many times that of the Sun are large and heavy, that quantum mechanics are largely irrelevant and only the equations of general relativity are necessarily to be used to understand their properties.


    As one tries to make ever less massive black holes, however, there comes a hurdle when they are so light and small that quantum mechanics do come to play. This happens if the total mass of the black hole is about the Planck’s mass or less.


    From the point of view of elementary particle physics, the Planck mass is huge, in the order of ten trillion billion times the mass of a proton. But is it the same if a proton has within its nucleus a “top” quark, which mass is calculated to be 189 times the mass of the proton? So, continuing with the thinking that were taught to us, from the point of view of black holes, the Planck mass, being equal to that of an average grain of dust, is quite tiny.


    And so, physicists who speculated that tiny black holes and elementary particles might be closely related ran up against the incompatibility between general relativity, which is the theoretical heart of black holes and quantum mechanics.


    According to some scientists, String Theory provides the first theoretically connection between black holes and elementary particles. But according to the PCVanazzi force, the angular velocity of the elementary particles or the vibration of the strings in the String Theory, are quantized, which means that they appear between two determined quantized values. A seemingly unrelated question that string theorists have begun around since the late 1980s, mathematicians and physicists have long known that when six spatial dimensions are curled up into a Calabi-Yau shape, there are two kinds of spheres that are embedded within the shape of the fabric.


    In my opinion and researchers using mathematics, a two-dimensional sphere is a kind of weird in our minds, but despite that, let us continue with the proposed theory, or that one kind are the two-dimensional spheres, like the surface of a light inflated ball one uses to play with in a beach, or swimming pool, but this dimension, according to some scientists, plays a vital role in the space-tearing flop transitions.


    The other kinds of spheres are harder to imagine, but they are more confusing, or one can imagine them as three-dimensional spheres with a four-extended space dimension. An ordinary ball we use to play soccer, in our world is itself a three-dimensional object, but its surface, just like the surface of a garden hose, is two-dimensional. The fourth dimension is hard, or impossible to imagine, but one aspect is important of the three-dimensional nature of spherical surfaces.


    Studying equations of the String Theory, physicists realized that it is possible, or even likely, that as time evolves, these three-dimensional spheres will shrink. This collapsing implies vanishing small volume. But looking at the other kind of sphere inside the Calabi-Yau space, this has too many dimensions for it to be surrounded by a moving string.


    One can picture three-dimensional spheres as if they are two-dimensional surfaces of ordinary balls, so long as one can also picture one-dimensional strings as if they are zero-dimensional point particles. In analogy with the fact that a zero-dimensional point-like cannot pull anything, a two-dimensional sphere, or a one-dimensional string, cannot also pull a three-dimensional sphere.


    Because this, string theorists speculated that if a three-dimensional sphere inside the Calabi-Yau space were to collapse, something that the approximate equations showed to be a perfectly possible if not commonplace evolution in the String Theory, it might yield a catastrophic result. In fact, the approximate equations of the String Theory indicate that the workings of the universe would be reduced to small particles to a halt if such a collapse were to occur. However, these speculations were shown to be wrong by other studies.


    The String Theory when analyzed with newfound precision of the second superstring revolution, is not just a theory of one-dimensional string, or one-brane, in the newer language of the field, it can completely surround a one-dimensional piece of space, just like a circle. Similarly, a two-dimensional membrane, or a two-brane, can wrap around and completely cover a two-dimensional sphere, as if a piece of plastic can wrap around the surface of an apple. The three-dimensional ingredients in String Theory, or the three-branes, can wrap around and completely cover a three-dimensional sphere.


    With standard physics calculations, that the wrapped three-brane provides a shield that exactly cancels all of the potentially catastrophic effects that string theorists had feared about what would occur if a three-dimensional sphere were to collapse.


    But collapse of a sphere may be related to the conifold transitions, which corresponds to the technical name for the drastic space-tearing transitions, and there is no physical catastrophe, as there would be in conventional general relativity, but there are more pronounced observable consequences, and there are two related notions that underlie these observational consequences.


    The first related notion refers to a three-dimensional sphere inside a Calabi-Yau space that can collapse without an ensuing disaster because a three-brane wrapped around it provides a perfect protective shield. But the wrapped-brane configuration looks like a three-brane, or a kind of smeared around the three-dimensional sphere, will set up a gravitational field that looks like that of a black hole.


    It becomes clear from a detailed study of the equation governing the branes, so it is hard to draw such higher-dimensional configuration on a page, but the rough idea with a lower-dimensional analogy involving membrane can smear itself around a two-dimensional sphere, which itself is sitting inside a Calabi-Yau space positioned at the same location in the extended dimensions. Someone looking through the extended dimensions toward this location will notice the wrapped brane by its mass and the force charges it carries, which are properties that had shown would look just like those of a black hole. The mass of a three-brane, or the mass of the black hole, is proportional to the volume of the three-dimensional sphere it wraps. This means that the bigger the volume of the sphere, the bigger the three-brane must be in order to wrap around it, and the more massive it becomes.


    It may also think as inversely, or the smaller the volume of the sphere, the smaller the mass of the three-brane that wraps it. Considering that this sphere, or more correctly, spheroid, collapses, then the three-brane that wraps around the spheroid, which is perceived as a black hole, appears to become ever lighter, which occurs when the three-dimensional sphere has collapsed to a pinched point, the corresponding black hole is massless.


    A second ingredient needed to recall is that the number of black holes in a Calabi-Yau shape determines the number of low-energy, and consequently low-mass, vibrational string patterns. Since the space-tearing conifold transitions change the number of holes, one expects a change in the number of low-mass vibrational patterns. Indeed, it was found that as a new-two-dimensional sphere replaces the pinched three-dimensional sphere in the curled Calabi-Yau dimensions, the number of massless string vibrational patterns increases by exactly one.


    Imagine a sequence of snapshots of a Calabi-Yau space in which the size of a particular three-dimensional sphere gets smaller and smaller. The first observation implies that a three-brane wrapping around this three-dimensional sphere, which as a black hole, will have even smaller and smaller mass until it will be massless, at the final point of collapse.


    The new massless pattern of string vibration arising from the space-tearing conifold transition is the microscopic description of a massless particle into which the black hole has transmuted. This may lead us to a wrong conclusion that as a Calabi-Yau shape goes through a space-tearing conifold transition, an initially massive black hole becomes ever lighter until it becomes a massless particle, which in the String Theory is nothing, but a single string executing a particular vibrational pattern, as supported by the PCVanazzi force where for each angular velocity there is a behavior of the elementary particles.


    Let us remember that this statement is against what was proposed by Einstein when introduced the famous formula E=mc2. This means that according to Calabi-Yau shape, that goes through a space-tearing conifold transition, all matter of a star that became a black hole must be converted into energy.


    In this way the String Theory establishes a connection between black holes and elementary particles, which means that a fermionic elementary particle becomes a bosonic elementary particle, which is completely possible according to the PCVanazzi force, as it is also possible according to Einstein’s famous formula E=mc2.


    Despite Einstein uses E=mc2, the PCVanazzi uses E=mR2ω2 for the angular velocity of the elementary particle and their changes from energy to matter or matter to energy.


    The connection between black holes and elementary particles, which is familiar, such as known technically as a phase transition, such as a phase transition that water can exist as a solid form as ice, or as liquid, or even as gas, in the form of steam. These are known as the phases of water, and the transformation from one phase to another is called phase transition.


    According to some scientists, there is a tight mathematical and physical analogy between such phase transitions and the space-tearing conifold transitions from one Calabi-Yau shape to another. In this context, imagine one, who could actually be you, the reader, who had never before met liquid water, or solid water, as the ice form, would not immediately recognize that they are two phases of the same substance. In this same way of thinking, physicists had not realized previously that the kinds of black holes and elementary particles are nothing more nothing less than phases of the same stringy material.


    Whereas the surrounding temperature determines the phase in which water will exist, the topological form of the Calabi-Yau dimensions determines whether certain physical configurations within the String Theory appear as black holes, or elementary particles. This is that, in the first phase, the initial Calabi-Yau shape, as the ice phase, one finds that there are certain black holes present. But in the second phase, the second Calabi-Yau shape, which may be compared as the liquid water, these black holes have gone through a phase transition in which they have melted into fundamental vibrational string patterns, or maybe, quantized fundamental strings patterns, or elementary particles with quantized angular velocities.


    Considering it, one can conclude that black holes and elementary particles, like water and ice, are two sides of the same coin, or that the black holes fit within the framework of the String Theory.


    The ability to move continuously from one description, or from one String Theory, to another, persists even after one allows the extra dimensions to curl up into some kind of Calabi-Yau shape, since there was no known way to continuously deform Calabi-Yau shape into any other. Through the physically sensible space-tearing conifold transitions, one can continuously change any given Calabi-Yau space into any other. Once varying coupling constants and curled up Calabi-Yau geometry, one sees that all string constructions are different phases of a single theory.


    Even after curling up all extra dimensions, the unity of by incorporating the dualities, all five string theories, eleven-dimensional supergravity, and M-theory, are merged together into a unified framework, firmly holds.


    Some theoretical physicists speculated about the possibility of space-tearing processes and of a connection between black holes and elementary particles, which according to the PCVanazzi force is perfectly plausible, is perfectly possible. The discovery of the String Theory, as the PCVanazzi force, with their ability to merge general relativity and quantum mechanics, had allowed the scientific world to plant these possibilities firmly at the leading edge of science. Among all these there is the notion of black hole entropy, where the String Theory supposedly success fully solved a problem of profound significance.


    Entropy is a measure of disorder, or randomness, such as suppose my desk is cluttered high with layer upon layer of open books, half-read articles, newspapers, magazines about sports, and other junk articles, it is in a state of high disorder, or the same as high entropy. But on the other hand, it is fully organized with articles in alphabetized folders, newspapers neatly stacked in chronological order, books arranged in alphabetical order by author, pens placed in their designed holders, or the desk is in state high order, or can be equivalently to low entropy. Despite this, physicists have given an enormous quantitative definition to entropy that allows one to describe something’s entropy by using a definite numerical value.


    The definition of numerical value for the entropy means that larger numbers mean greater entropy, while smaller numbers mean less entropy, and this number, roughly speaking, counts the possible rearrangement of the ingredients in a given physical system that leave its overall appearance the same. When the desk is neat and clean, this means that almost any rearrangement, or changing the order of the books, articles, newspapers, or magazines, moving the pens from their holders, will disturb its highly ordered arrangement, or organization.


    The situation just described indicated for having low entropy, but on the other hand, when the desk is a mess, numerous rearrangements of the books, articles, newspapers, and junk stuffs will leave it a mess and therefore, will not disturb its overall appearance, this means that this accounts for this situation having high entropy.


    Despite this analogy, the rigorous definition of entropy actually involves counting, or calculating, the number of possible rearrangements of the microscopic quantum-mechanical properties of the elementary constituents of a physical system do not affect its macroscopic properties. This means that entropy is a fully quantitative quantum-mechanical concept that precisely measures the overall disorder of a given physical system.


    Considering this, it was proposed that black holes might have entropy, and a considerable quantity of entropy. This was motivated by the well-tested second law of thermodynamics, which declares that the entropy of a system always increases, which consequently means that everything tends toward greater disorder.


    When one refers to the desk, it means that if the desk is cleaned and organized, which is the same as decreasing entropy, the total entropy, including that of the body of the owner of the desk, and the air where the desk is situated, actually increases. To clean the desk, to organize the books, newspapers, articles, magazines, it is necessary to expend energy, which consequently, disrupts some of the orderly molecules of fat in the body of a person who is organizing the desk, to create the energy for the muscles, and as someone organizes and cleans, it generates heat, which jostles the surrounding air molecules into a higher state of agitation and, consequently, disorder. When all these effects are accounted for, they more than compensate for the desk’s decrease in entropy, which means that the total entropy increases.


    Now imagine that someone is organizing and cleaning the desk near the event horizon of a black hole, and since the entropy of the room where the desk is has certainly decreased, it is quite reasonable that the only way to satisfy the second law of thermodynamics would be for the black hole to have entropy, and for this entropy to sufficiently increase as matter is pumped into the black hole, the observed entropic decrease outside the black hole’s exterior.


    According to Stephen Hawking, who had shown that the area of the event horizon of a black hole, which is the surface of no return around every black hole, always increases in any physical interaction. He demonstrated that, if one asteroid falls into a black hole, or if some of the surface gas of a nearby star accretes onto the black hole, or if two black holes collide and merge, the total area of the event horizon always increases.


    This means an evolution to a greater area suggesting a link with evolution to greater entropy, which is embodied in the second law of thermodynamics, which may be correctly proportional to the event horizon of a black hole, or it provides a measure of its entropy.


    However, there are some problems with this, or most physicists thought that black holes would seem to be among the most ordered and organized celestial bodies in the whole universe. When one measures the mass of a black hole, the force charges it carries, and the spin, its identity has been nailed down precisely, or with so few defining characteristics, a black hole appears to lack sufficient structure to allow for disorder, and its entropy, is a quantum-mechanical concept, whereas black holes were firmly attached in the antagonistic field of general relativity.


    Based upon Hawking’s area-increase law and other results, despite he also had thought of the analogy between his black hole area-increase law and the law of inevitable increase of entropy, which he gave up with, if one takes the analogy between the laws of black holes and the laws of thermodynamics, not only would one be forced to identify the area of the black hole’s event horizon with entropy, but it turns out that one would also have to assign a temperature to the black hole, with the precise value determined by the strength of the black hole’s gravitational field at its event horizon.


    Supposing a black hole has nonzero temperature, the most basic and well-established physical principles would require it to radiate or emit radiation. This is antagonistic according to the meaning of black hole, or there is no radiation coming from this celestial body, but Hawking was willing to accept that if matter carrying entropy is dropped into a black hole, this entropy is lost, just like that.


    But according to Hawking, a black hole is not completely black, which leads us to conclude that it emits some kind of electromagnetic radiation, which is supported by the PCVanazzi force. The laws of classical general relativity, ignoring the quantum mechanics, black holes do not allow anything to leave from it, even electromagnetic radiation in any form, or visible or not, because its gravitational grip.


    But when one includes quantum mechanics in this situation, it modifies this conclusion very deeply, even though Hawking was not in possession of a quantum-mechanical version of general relativity, he was able to wisely get a partial union of these two theoretical tools that yielded some limited reliable results, such as that the most important was that black holes do emit electromagnetic radiation.


    Hawking’s basic idea was that the uncertainty principle ensures that even the vacuum of empty space is a thunderstorm of frenzy virtual particles momentarily erupting into existence and subsequently annihilating one another, just as proposed by the PCVanazzi force when an elementary particle instead behaving as matter, because the change in its angular velocity, it becomes to behave as energy, and vice versa. So, this jittery quantum behavior also occurs in the region of space just outside the event horizon of a black hole.


    Because of this, Hawking realized, however, that the gravitational power of the black hole can inject energy into a pair of virtual photons, or that tear them just enough apart so that one gets sucked into the black hole. Because its partner had disappeared under the event horizon of the black hole, the other photon of the pair no longer has a partner with which to annihilate.


    But instead, Hawking showed that the remaining photon gets an energy boost from the gravitational force of the black hole and, as its partner falls inward the direction of the singularity, it gets shot outward, away from the black hole, and he also realized that to someone looking at the black hole from a safety region, the combined effect of this splitting apart of virtual photons pair, happening over and over again all around the event horizon of the black hole, will appear as a steady stream of outgoing radiation, which lead us to conclude a black hole glows.


    However, according to the PCVanazzi force, this glowing happens in the polar regions of the black hole, where the gravitational interaction is profoundly smaller than in the equatorial region of this celestial body.


    Hawking was capable to calculate the temperature that a far-off observer would associate with the emitted radiation and found that it is given by the strength of the gravitational field interaction at the black hole’s event horizon, which is exactly as the analogy between the laws of black holes’ physics and the laws of thermodynamics. These results showed that it is much more than an analogy, but it may be considered by many scientists an identity of the black hole.


    A black hole has entropy, as temperature, and the gravitational laws of black hole’s physics are nothing but a rewriting of the laws of thermodynamics in an extremely exotic gravitational context.


    When one carefully accounts for all the details, a black hole whose mass is about three times the mass of the Sun, has a temperature of about a hundred-millionth of a degree above absolute zero. This means that black holes are not black, but only barely black, or this makes a black hole’s emitted radiation extremely poor, and consequently, impossible to be detected experimentally.


    But there is an exception, or according to Hawking’s calculations that showed that the less massive a black hole is, the higher its temperature and the greater the radiation it emits. If there is a black hole with the size of a small asteroid, it would emit about as much radiation as a million-megaton hydrogen bomb, where the concentration of the radiation would be in the gamma-ray part of the electromagnetic spectrum. Astronomers have searched the night heaven for such radiation, but except for a few long-shot possibilities, they have come up with no novelties, which may be an indicator that such low-mass black holes, if they exist, are extremely rare.


    According to the PCVanazzi force, if the telescopes were concentrated observing polar regions of black holes, the probability to find such kind of electromagnetic radiation might be more plausible and confirms Hawking’s predictions.


    But on the contrary of this tiny, sub-millionth of a degree temperature, when one calculates the entropy of a three-solar-mass black hole, the result is an enormous number, and the more massive
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