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Foreword


One of the landmarks in the history of science was the introduction of the general theory of relativity by Albert Einstein in 1915. This revolutionary theory identifies gravitation with the curvature of space-time. In the following year 1916, as general relativists solved for the space-time geometry around a ‘point mass’, the idea of ‘black holes’ came into being. Following the grand success of general relativity, since the 1970s, black holes have become the accepted model for many objects of stellar mass and also for the super massive cores of galaxies.


The quintessential feature of a black hole is its vacuum boundary known as the event horizon. This imaginary boundary separates the space-time around the point mass into an interior and an exterior regime. Matter that would enter the interior would be crushed to a singular point, never to communicate with the exterior except via the gravitational force that it could still exert on external matter. Nonetheless, for many years, many leading physicists believed that matter might never be so compacted as to produce a black hole. Einstein even published work that argued against the possibility of the formation of any true black hole. Things changed in the 1960s when coordinate transformations were found that permitted a continuation of the Schwarzschild solution into the interior of a black hole. The event horizon has since been considered a ‘coordinate singularity’, analogous to a pole on a sphere at which meridians converge to a point. It is claimed that there is nothing unusual about the geometry at the event horizon because the space-time curvature is finite (under the assumption that black holes have non-zero finite masses).


This book will, however, show that despite the wide acceptance of the concept of black holes, the black hole paradigm suffers from fundamental problems. It would seem to have necessitated some thought among theorists when it was realized that the gravitational force on a particle at the event horizon would become infinite at a place where there was neither curvature singularity nor mass concentration. Ubiquitous strong magnetic fields near an expected event horizon of a black hole should also have provoked some serious reconsideration of the black hole models by the observers because magnetic fields are forbidden attributes of black holes.


This unsatisfactory state persisted for decades until Dr Abhas Mitra and I started studying both the theory and observations of black hole candidates. Further, we and Rudolph Schild and (the late) Darryl Leiter have found evidence that favours a magnetic compact object model that is not a black hole. The things thought to be black holes are instead examples of Mitra’s eternally collapsing objects (ECO), which when strongly magnetic are also known as magnetospheric eternally collapsing objects (MECO). While our findings have been published in peer-reviewed, top-of-the-line journals, it has not been easy. Some journal editors apparently believe that it is their responsibility to be gatekeepers that shield prevailing theories from criticism or competition. While it is clear that the black hole paradigm is dying, it has not yet departed.


It is an honour and a pleasure to write this foreword to a book that provides the history and descriptive details of our state of knowledge of the astronomical objects now known as black hole candidates. Contrary to what one usually finds in the popular press, the reader will find that many esteemed and accomplished physicists have raised serious objections to the black hole theory and offered warnings that have gone unheeded. The caution and scepticism that once pervaded physics seems to be lacking in recent years, but this will change. This book gives an account of a paradigm shift that is currently in progress. Readers will find a wealth of other information and ideas along the way. They will learn of the life cycles of stars, the foundations of gravity theory and some of the ways we can observe these exotic objects that in the future will become known as MECO.


Stanley L. Robertson


Emeritus Professor of Physics


Southwestern Oklahoma State University




Preface


The concept of black holes has occupied a central role in astronomy and astrophysics since the 1950s though it arose from Einstein’s general theory of relativity way back in 1916. And seventy-four years later, the notion of black holes plays a crucial role in cosmology and elementary particle physics too. On top of it, the detection of gravitational waves by the Laser Interferometer Gravitational Wave Observatory (LIGO) since 2016 is supposed to have given firm evidence for the existence of event horizons, the mathematical boundary of true black holes. Further, on 10 April 2019, the Event Horizon Telescope released the ‘image’ of the black hole candidate in a nearby galaxy Messier 87. Given this backdrop, it would be of profound importance for astronomy, astrophysics and physics in general if it is realized that despite such claims, the observations never detected any event horizon and therefore, no true black holes.


Most present-day astrophysicists argue that if a massive star would contract up to its event horizon, then in a flash, it would also collapse to a ‘point mass’, a mathematical object having zero volume, zero dimensions, and which would be the ‘singularity’ of the resultant black hole. However, it may sound ironical that Einstein and many of the founding fathers of general relativity refused to believe in black holes because of their apparently unphysical features. They argued that massive stars could not contract all the way up to their event horizons. Even as late as 1962, when the black hole paradigm was fully established, Paul Dirac, one of the finest theoretical physicists ever and a Nobel laureate, held the same view.


This year Roger Penrose won the Nobel Prize in Physics for supposedly showing in 1965 that massive stars should develop ‘trapped surfaces’ and must collapse into point masses. But this book will discuss that such ‘trapped surfaces’ do not form. And in 1972, Steven Weinberg (1933–), who won the Nobel Prize in Physics in 1979 and is widely considered to be one of the best theoretical physicists of modern times, too expressed a similar view. Indeed, by citing innumerable research papers, this book will indicate that the hallowed black hole paradigm may have already fallen.


The peer-reviewed research papers by my colleagues Stanley Robertson and (late) Darryl Leiter and I have shown that while the mathematical black hole solution is indeed correct, it actually corresponds to the lowest energy state of the collapsing massive stars: E=Mc2=0 or M=0. In other words, the mathematical black hole solution actually corresponds to only mass-less black holes. On the other hand, since the so-called black holes are extremely massive, they must be only black hole pretenders or mimickers.


Ideal astrophysical black holes have no intrinsic magnetic field, and the magnetic field arising from disks of swirling gas surrounding them is relatively weak. On the other hand, Robertson, Leiter and I showed that astrophysical black holes are likely to be some sort of ultra-compact form of the Sun and possess strong intrinsic magnetic fields. And we dubbed such objects as eternally collapsing objects (ECOs). By now, there is almost direct evidence that indeed there are strong magnetic fields around most of the astrophysical black holes, which is best explained by considering that the so-called black holes are ultra-magnetized ECOs.


The ‘ring down’ features seen in the gravitational waves detected by LIGO were initially believed to be a unique signature of vibrations of the new event horizons formed following the merger of two black holes. But soon, it became clear that the ‘ring down’ feature actually arises from oscillations of the photon spheres or photon rings situated outside the event horizons. Similarly, the image of the massive compact object in the galaxy Messier 87 may correspond to the image of the photon sphere and not any event horizon. And since all black hole mimickers too possess such light rings, LIGO signals or Event Horizon Telescope images are no evidence for the existence of mathematical black holes.


A crucial difference between true empty black holes and their mimickers is that unlike the former, the latter is full of matter and possesses a physical boundary. If the merger of two black holes or neutron stars produces a bigger black hole, then the gravitational waves formed during the final stages of this process cannot be reflected by the resultant event horizon. On the other hand, if the merged product is a horizon-less compact object, gravitational waves trapped between it and its photon sphere may slowly leak out. Accordingly, in such a case, the final gravitational wave signal may contain signs of repeated reflections or echoes. And there has been tentative evidence that such echoes follow some of the LIGO signals. If true, this will be a confirmation that the astrophysical black holes are not true black holes.


One of the pillars of the black hole paradigm is that an observer falling in a black hole would never be able to detect its boundary – the event horizon. But in 1982, it was found that this assertion is wrong and the event horizon is very much detectable.


The book is written in an accessible manner so that readers can appreciate the physics and history of the subject even without bothering about the equations. In general, relevant peer-reviewed research papers or actual astrophysical observations support all arguments made in the book. There are many quotes with emphases at many places. All such emphases are mine. The purpose of this book is to clearly show that the so-called astrophysical black holes are only black hole mimickers possessing strong intrinsic magnetic fields quite unlike the mathematical true black holes which have always been dominant in academic or popular discourses on the subject.




CHAPTER 1


Introduction


The important thing is not to stop questioning – Albert Einstein




KEY POINTS: A Schwarzschild black hole is just a point mass and the surrounding empty sphere of intense gravitation. Starting with Einstein, most founding fathers of general relativity refused to accept the idea of black holes because of their unphysical properties. Such objections continue even today, and, thus, contrary to popular perception, the black hole paradigm has always remained controversial. Indeed contrary to many sensational claims, there has been no detection of an event horizon, the ultimate signature of a black hole, ever. On the other hand, if the tentative claims of detection of echoes from few LIGO gravitational wave events would be confirmed, we would have solid evidence that the compact objects responsible for gravitational waves are horizon-less compact objects and not true black holes. The first confirmed black hole is supposed to have been detected in the X-ray binary Cygnus X-1, because the compact object therein is much more massive than any neutron star. But if the claim of detection of a strong magnetic field in Cygnus X-1 is genuine, it is likely to contain a magnetized horizon-less compact object rather than a true black hole. Such an idea gets corroborated because now we have direct evidence that there are unexpectedly strong magnetic fields around many astrophysical black holes. Further there are reports that some astrophysical black holes eject ‘balls of fire’, which suggests that the so-called black holes maybe magnetized balls of fire, something like an extremely compactified Sun.





The term ‘black hole’ is familiar to not only physicists and astronomers but also perhaps to lay persons. Even those who follow only social media and not any science news site regularly come across various news and illustrations about black holes. Science fiction films do feature black holes, and in particular, one of the stars in the 2014 blockbuster Interstellar was Gargantuan, a massive and rapidly spinning black hole. In the movie, Gargantuan spread its mystique as the tool for travel through space and time in an attempt to save the people on Earth.


But are black holes as fanciful as shown in popular representations? Have true black holes really been discovered by astronomers? In order to explore such issues with hard science rather than the usual hype and whitewash, let us expound first the basic idea of mathematical black holes.


Einstein’s revolutionary theory of gravity, known as general relativity, was formulated in 1915, and mathematical physicists used general relativity to solve the simplest physical problem:


The structure of the gravitational field due to a single neutral mass point.


To be more precise, the problem they attempted to solve for is the empty or vacuum space-time around a single neutral point mass having an undefined mass M. It was found that the gravitational field within a spherical region having a radius of Rs= 2 M * is so strong that nothing, not even light, can escape from within this sphere.
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Fig. 1 Sketch of a mathematical black hole


This sphere of extreme gravitational pull is extremely compact and has a radius of a mere Rs≈ 3 km for a point having a mass of one solar mass.* The radius of a black hole increases in proportion to its mass, that is, a black hole 10 times more massive has a radius of 30 km, and a black hole a billion times more massive has a radius of 30 billion km.


Black holes are ‘black’ or invisible as no light can escape them. The radius of a black hole Rs is known as Schwarzschild radius in honour of Karl Schwarzschild, who is (mistakenly) credited with the mathematical solution that suggests existence of black holes. The mathematical boundary of this sphere of strong influence was originally known as ‘Schwarzschild surface’. Thus originally black holes were known as ‘Schwarzschild singularity’ but got rechristened as ‘black hole’ as late as in 1967! Simultaneously, the imaginary mathematical boundary got a new moniker: ‘event horizon’.


Therefore,




A BLACK HOLE =


A POINT MASS (M) + EMPTY SPHERE OF RADIUS Rs=2M


FROM WHICH LIGHT CANNOT ESCAPE





Yes, you heard it right: except for this central point mass, the supposedly deadly and mysterious black holes are vacuum without any matter or energy!


Note, the concept of a ‘point mass’, an object (sphere) having zero volume, is a mathematical one, and it may not exist in real world! However, once one assumes the existence of such a ‘point mass’, by definition, its density becomes infinite. Thus it is this very assumption about the existence of a mathematical ‘point mass’ that leads to a singular situation involving infinite gravity and infinite density.


Modern physics and astronomy is based on this idea that sufficiently massive stars must eventually turn into black holes as they inexorably get crushed to a geometrical point under their own weight. This conclusion is based on the tacit assumption that those massive stars cannot radiate away their entire mass–energy towards the end of their lives. In other words, most astronomers believe that black holes (née point masses) could be arbitrarily massive unlike other compact objects like white dwarfs and neutron stars.


Accordingly, most astrophysicists believe that the ultra-massive compact stars found in the universe are true mathematical black holes. In this book, we shall refer to this most powerful and all pervasive scientific idea/faith as the black hole paradigm.


Since a singularity cannot evolve unlike other compact stars like white dwarfs and neutron stars, black holes represent the ultimate graveyards of most massive stars, and left to themselves, they are lifeless.


As an astrophysics researcher, I too believed that the fascinating massive compact objects of the cosmos, whose masses range from tens to billions of solar masses, are indeed true black holes predicted by general relativity. I believed so because other known famous compact stars, namely, neutron stars cannot be more massive than three solar masses. Also, even twenty years ago, there were no meaningful alternatives to black holes. Thus like everybody else, I too believed in the black hole paradigm despite being aware that Einstein never accepted the idea of black holes, and in his research paper of 1939, he even claimed that1, ‘The basic result of study is the distinct understanding that there are no “Schwarzschild singularities” in the real world. The Schwarzschild singularity is absent, because the matter cannot be concentrated in an arbitrary way; otherwise particles composing the clump will reach the speed of light.’


Einstein’s idea that at very high concentrations, stellar matter may move in circular orbits with the speed of light and can prevent formation of black holes, may not be realizable for actual gravitational collapse. Further, in the same year (1939), Julius Robert Oppenheimer (1904–67), a famous theoretical physicist, and his student Hartland Snyder apparently showed that the collapse of massive stars should result in the formation of black holes.2


Therefore, like most astrophysicists and physicists, I too believed that Einstein’s foregoing comments should be respectfully ignored because they were not based on actual analysis of the gravitational collapse of massive stars. But what I was not aware of was that Oppenheimer and Snyder’s study indicated the formation of black holes only after ignoring all real-life physics effects like pressure, heat and radiation. Neither did I know that they admitted that they were compelled to ignore all physical effects because otherwise there would not be any analytical solution. It is only much later, when I read their paper between the lines that I noted their stunning comment that black holes may not form if real-life physics effects were to be included in the study of the collapse process: ‘Physically, such a singularity would mean that the expression used for the energy-momentum, tensor does not take account of some essential physical fact which would really smooth the singularity out.’3


They further added that a real star, which has no initial singularity, could never develop into a black hole or any other singularity. ‘Further, a star in its early stage of development would not possess a singular density or pressure; it is impossible for a singularity to develop in a finite time.’4


During 1995–2000, one of the topics of my astrophysics research was the physics of the central engine of cosmic gamma-ray bursts (GRBs), mysterious bursts of gamma rays, a radiation which could be several million times more powerful than the visible light.
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Fig. 2 A mental illustration of a cosmic gamma-ray burst


In fact, I was quite happy that my first paper on this topic was cited by none other than Martin Rees (1942–), one of the most distinguished British theoretical astrophysicists ever. Meanwhile, since 1967, there has been a great debate in astrophysics on the question of the location of the source of the GRB events.


The majority of astrophysicists thought that GRBs originate within our own galaxy, while the other camp thought that they were located in faraway galaxies. In the former cases, the energy output would be modest or at least manageable by astrophysical standards. But in the latter case, the energy emission associated with GRBs could be even billion times larger as the distance of faraway galaxies could be hundreds of thousand times larger than the extent of our galaxy, the Milky Way.


In fact, I belonged to the former camp and even had a model to explain the origin of GRBs supposedly occurring within our galaxy. But problems started creeping in by April 1997, when I attended the Fourth Compton Symposium on Gamma Ray Astronomy and Astrophysics (27–30 April 1997) in Williamsburg, Virginia. At this conference, convincing evidence was presented that the recently detected GRB 970228 (the event detected on 28 February 1997) had originated in a galaxy that is 8.1 billion light years away, that means, it is so far away that light from this galaxy requires 8.1 billion years to reach our galaxy. This indicated that GRBs could be the most powerful explosions in the cosmos. Since there were already (right) conjectures that GRBs could be of cosmological origin, there were models that proposed that GRBs could be associated with the birth of black holes. But such models were not convincing at all. Till date (2020), it is acknowledged that there is no convincing model for such explosions.


However, I found that there was a fundamental contradiction in such models. This is so because if gravitational collapse of massive stars would indeed result in formation of black holes from which nothing, not even light could escape, logically, they should not be ascribed to the most powerful energy explosions. And it is at that time that I started worrying. Was Einstein’s intuition, if not his paper, after all right? Is it possible that instead of true black holes, general relativity allows the formation of only approximate or quasi-black holes from which light and energy can escape? If so, one might be able to explain the origin of mind-boggling energy output from the cosmic GRBs with relative ease and self-consistency.


Eventually, after correcting some early glitches, my peer-reviewed research papers showed that continued gravitational collapse could never yield exact black holes. Further, although the GR solution of black holes is formally correct, it is fallacious because it corresponds to black holes having no mass at all. My papers also claimed that GRBs could be explained in terms of formations of quasi-black holes. In 1998, I had sent my initial preprints on such research to a highly respectable general relativist P.C. Vaidya (1918–2010) whose research in 1951 had initiated the study of gravitational collapse accompanied by emission of radiation. And he made a quick comment that my treatment of general relativity in these papers was on the right track.


Later I found that, much before me, several noted general relativists had either suggested or shown that true mathematical black holes have M=0. In 1968, Allen Janis, Ezra Newman and Jeffrey Winicour, in a paper in Physical Review Letters, suggested that though mathematically black holes appear as spheres (under the assumption that they have finite masses), they might actually be point singularities.5 In the very next year, Luis Bel showed that it is indeed so.6 If so, the mathematical picture of black hole, illustrated by Fig. 1 would be misleading. Instead of a sphere, a black hole would simply be a point (.), which geometrically is a sphere of zero radius: Rs=2 MBH=0, or MBH=0.


Meanwhile, by 2001, two American astrophysicists, namely, Stanley Robertson (Southwestern Oklahoma State University) and the late Darryl Leiter (University of Virginia at the time of his death) had vigorously started research that offered evidence that the so-called astrophysical black holes are not true mathematical black holes, and instead, they are something like ultra-compact forms of the Sun, which comprise highly ionized matter (plasma) and possess magnetic fields. In contrast, a true black hole is just a region of vacuum except for a central point of infinite density (singularity) and has absolutely no magnetic field. Incidentally, Darryl Leiter was the last Ph.D. student of Nathan Rosen, Einstein’s long-term collaborator, and had been a senior NASA research associate twice.


Later, Rudolph Schild, a noted observational astrophysicist from Harvard Smithsonian Center for Astrophysics, joined Robertson and Leiter in order to offer more direct evidence that the astrophysical black hole candidates are not theoretical black holes. Eventually, in the following decade, a sort of new paradigm got expounded through almost twenty-five research papers published in Foundations of Physics Letters, Astrophysics and Space Science, Journal of Cosmology, Astrophysical Journal, Astrophysical Journal Letters, International Journal of Modern Physics (D), Astronomical Journal, Monthly Notices Royal Astronomical Society, Monthly Notices Royal Astronomical Society Letters, New Astronomy and Physical Review (D).


This may be the only book published so far which has brought out the scientific objections and reservations against the very notion of black holes by most of the founding fathers of general relativity: Albert Einstein himself, Karl Schwarzschild, David Hilbert, Arthur Eddington, Johannes Droste, Marcel Brillouin, Jacques Hadamard, Cornelius Lanczos, Max von Laue (Nobel laureate), Allvar Gullstrand (Nobel laureate) and Yusuke Hagihara.


And though the black hole paradigm got formulated in the early 1960s, research by many noted as well as not-so-noted general relativists has raised fundamental objections against it ever since. It is interesting to know the name of such researchers: Paul Dirac (Nobel Laureate), Fred Holye, William Fowler (Nobel laureate), William McCrea, Elizabeth Hilton, Allen Janis, Ezra Newman, Jeffrey Winicour, Nathan Rosen, Luis Bel, Jayant Narlikar, William Bonnor, F.I. Cooperstock, G.J.G. Junevicus, A. Karlhede, David Menzel, Ernst Julius Öpik, V. De Sabbata, K.T. Shah, F. Salzman, G. Salzman, G. Cavalleri, G. Spinelli, Leonard S. Abrams, Robert Gautreau, M.S. Borkar, T.M. Karade, S.I. Chermyanin, N.N. Fimin, V.M. Chechetkin, A.A. Logunov, M.A. Mestverishvili, V.V. Kiselev, S. Antoci, D.E. Liebscher, Darryl Leiter, Stanley Robertson and Rudolph Schild, among several others.


This simple statistics show that contrary to the popular myth, the black hole paradigm has never been universally accepted and has always remained controversial.


The theory of formation of black holes is based on the hypothesis of formation of ‘trapped surfaces’ within which even light can only move inwards. Steven Weinberg (1933–), who won the Nobel Prize in Physics in 1979 and is widely considered to be one of the best living theoretical physicist, wrote :‘However, it is not known whether a real massive star will actually develop a trapped surface.’7 And about gravitational collapse, he insisted that ‘A realistic discussion... would require that we consider the effects of radiative energy transport, neutrino energy transport, turbulence, nuclear forces, magnetic fields, and above all rotations.’8


It is important to note that there has been no exact solution for black hole formation for such realistic discussions. Sir Fred Hoyle (1915–2001) was one of the most distinguished and creative as well as controversial physicists of the twentieth century. Many including this author think that though he very much deserved the Nobel Prize, he was denied this honour because of his frequent anti-establishment attitude to mainstream science. One of the steady co-workers of Hoyle was William Fowler (1911–1995), a famous American theoretical astrophysicist who shared the 1983 Nobel Prize in Physics with Subramanium Chandrasekhar. In the 1960s, Hoyle and Fowler showed that:



In principle, there could be compact objects of arbitrary large mass supported against their gravity by purely radiation pressure.


(Usually, stars are supported by their gas pressure as radiation pressure is almost negligible.)





This means the all-pervading idea that compact objects can be supported against their gravity only by cold quantum pressure is incorrect. Unfortunately, most physicists as well as general relativists are unaware of radiation pressure supported stars (RPSS).


A series of my papers have shown that the so-called astrophysical black holes are likely to be general relativistic RPSS.
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Fig. 3 Unlike a vacuum black hole, an eternally collapsing object (ECO) is a ball of fire, supported against its gravitational pull by outward radiation pressure.


In the absence of an event horizon, such a quasi-black hole keeps on losing bits of mass–energy by eternally leaking some radiation. It turns out that ideally, it keeps on contracting indefinitely and tries to attain the true black hole state marked by zero mass–energy, a state where the negative self-gravitational energy completely offsets all other positive sources of energy such as the mass–energy of protons and neutrons, heat and other internal energies. However, such a well-known classical radiation must not be confused with the mysterious and controversial ‘Hawking radiation’ supposed to originate due to unknown quantum effects.


Such an eternally contracting quasi-black hole (RPSS) was christened as eternally collapsing object (ECO). Since ECOs are strongly magnetized, having magnetic fields stronger than pulsar (spinning magnetized neutron stars), they were rechristened as magnetospheric eternally collapsing objects (MECOs). In contrast, uncharged astrophysical black holes have no intrinsic magnetic fields.


By now, there have been innumerable evidences for existence of unusually strong magnetic fields around the so-called astrophysical black holes and which suggest that they are likely to be MECOs.


Hoyle published his autobiography Home is Where the Wind Blows: Chapters from a Cosmologist’s Life in 1994, and true to his reputation and notoriety, he used the phrase ‘black-hole mania’. He described the black hole paradigm as ‘a form of religious fundamentalism’.9


Despite being based on an exact solution, the concept of black holes is full of inconsistencies, and it is worthwhile to recall the comments of two well-known Indian relativists, Jayant Narlikar and Thanu Padmanabhan, made in 1988: ‘the discussion of physical behaviour of black holes, classical or quantum, is only of academic interest. It is suggested that problems related to the source could be avoided if the event horizon did not form and that the universe only contained quasi-black holes.’10


But what are quasi-black holes or black hole mimickers?


The following table indicates the fundamental properties of black hole mimickers vis-à-vis black holes:






	Black Hole

	Black Hole Mimicker






	Radius: R= 2M

	Larger by a tiny fraction (e) which could be a millionth or a billionth*







	Vacuum except for the central point mass

	Full of matter like the Sun






	Has event horizon and singularity (point mass)

	No event horizon, no singularity






	Riddled with mathematical and physical problems problem

	No mathematical or physical






	Nothing not even a single photon can escape

	One in a billion or trillion photons may escape






	No magnetic field, no eruption

	Some models may have strong magnetic fields and Sun-like flares







As already hinted, this book will contain discussions based on peer-reviewed research to explain the following:


• Why the exact black hole solutions correspond to the ultimate lowest energy ground states of collapsing stars: E=Mc2=0.


• As per black hole paradigm, the event horizon is a mere pathology of the wrong coordinates used, and an observer diving into a black hole can never detect it. This book will convincingly show why this fundamental premise is wrong and why an event horizon is a physical singularity.


• The so-called observed black holes are thus only approximate black holes or horizon-less compact objects.


• Why continued gravitational collapse of massive stars is bound to trap their heat and radiation to transform them into ultra-compact ball of fires supported by their own radiation pressure (ECOs).


• Why such RPSS should possess their own magnetic fields whose strength, measured locally, can far exceed that of the neutron stars (MECOs).


• The fact that the prediction about strong intrinsic magnetic fields of so-called black holes, first made in 1998, have been vindicated repeatedly.


We briefly recall a report dated 1 November 2012 related to an outburst in a so-called black hole H1743– 322:‘Black Hole Ejects Great Balls of Fire’.11 Similarly, in the past few years, there has been direct evidence for the presence of surprisingly strong magnetic fields around many astrophysical black holes. Here is a report dated 4 June 2014: ‘Surprisingly strong magnetic fields can match black holes’ pull: Long-neglected magnetic fields have an unexpected presence’.12


Though there could be various hypotheses for explaining such observations, arguably, the most natural one is that the so-called black holes are ultra-magnetized balls of fire (MECO), which may spit out magnetized balls of fire.




CHAPTER 2


Astrophysics Tidbits


So many books, so little time – Frank Zappa




KEY POINTS: Stars generate their own energy. While the usual process of energy generation is nuclear fusion of light elements, stars can also generate energy when they undergo gravitational contraction. A key feature of stellar evolution is that under exhaustion of central nuclear fuel, the core undergoes gravitational contraction, heats up and releases energy. Usual stars are hot magnetized balls of fire. The cores of low mass stars eventually collapse into compact configurations called white dwarfs, supported against gravity by quantum repulsion of electrons. Cores of more massive stars contract into much more compact configurations called neutron stars, supported against intense gravity by quantum repulsion of neutrons. Even more massive stars are supposed to undergo continued gravitational collapse and end up as ‘black holes’.


As a massive star contracts, its negative gravitational binding energy becomes more and more negative in almost a runaway manner. Hence, in principle, it is possible that the net mass–energy of the star, E=Mc2→0.





This book treats black holes as not only important mathematical objects, apparently predicted by general relativity, but also as key players in astronomy and astrophysics. Accordingly, we shall explore the question whether the black hole paradigm has fallen or not from both theoretical as well as astrophysical perspectives. To this end, it will be prudent to recap some of the pertinent astrophysical topics.


At the outset, I want to remind the readers that, in astrophysical context, I shall be using the term


Trillion = 1012 = One thousand billion (12 zeros after 1)


And then, there is a number that is larger than any large number we can conceive of, trillion trillion trillion or anything else. This limitless large number is known as infinity and is indicated by the symbol ∞. If a physical quantity appears to be infinite, we will be led to a pathological/ singular situation. One mathematically arrives at infinity by dividing a finite number by zero, for instance, 3/0 =∞. Since a ‘point’ has zero volume, its density is infinite.*


We begin taking our baby astrophysics steps by reminding ourselves that what makes our closest star Sun a ‘star’ is the fact that it can generate its own light and heat unlike the Earth, which literally basks in the reflected glory of the Sun!


Fire in the Stars


Though true black holes are empty objects except for their central singularities, all other stars and compact objects are full of matter. How do stars generate their own light? The answer is ‘stars are balls of fire’. For an appreciation of this aphorism, let us understand what ‘fire’ really is.


Whenever we have some fire, there are runaway oxidizing chemical reactions in certain materials like oil vapour or a piece of paper, which release heat and light. In all these processes, some atomic bonds get broken and electrons are freed. When an electron having negative charge leaves a parent atom, the atom becomes positively charged, and in case the electron gets attached to another atom, it becomes negatively charged. Such charged atoms are known as ions.


Thus, in all fire, in all flame, there are some charged atoms/ions among the abundant neutral atoms. This process of formation of charged matter through displacement of electrons is known as ionization. In a flame, ionization of the air atoms occurs because the temperature is high enough to cause the atoms to knock each other and rip off electrons.


Therefore, the atoms of the very hot solar material are highly ionized, much more than what is seen in ordinary fire. Such strongly ionized material is known as plasma, sometimes also called the fourth state of matter to distinguish it from other known states of matter, namely, gas, liquid and solid:


Though plasma or ionized material is charged at the atomic level, it is charge-less or neutral on a larger scale. Further, any material that is not solid or powdery and has no fixed shape – gas, liquid and plasma – is called fluid.


Bosons and Fermions


Stars are made of matter, energy and radiation. Various astrophysical problems like the formation of supposed black holes too involve explosions of radiation and matter. In order to appreciate the structure and formation of stars and compact objects, we need to delve into the basic nature of ‘matter’ and ‘radiation’ in terms of the basic constituents, which are various kinds of elementary particles. In the astrophysical context, the nebulous term ‘radiation’ too implies the flow of elementary particles like ‘photons’ and neutrinos having near zero (rest) masses. Here, the term ‘rest mass’ implies mass energy of the particles in their own rest frames.


Mass apart, elementary particles have important physical attributes like charge. Additionally, they also possess intrinsic angular momentum – as if each elementary particle is a tiny spinning top.
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