
Escape a Black Hole 

 

Black holes are known for their voracious appetites, binging on matter with such ferocity 

that not even light can escape once it's swallowed up. [30] 

During the formation of a black hole, a bright burst of very energetic light in the form of 

gamma rays is produced, these events are called gamma ray bursts. [29] 

A new Tel Aviv University-led study published today in Nature Astronomy finds that some 

supermassive black holes are triggered to grow, suddenly devouring a large amount of 

gas in their surroundings. [28] 

Needless to say, we do not have the capability of performing real experiments in or near 

black holes yet, so scientists resort to theory and simulations to develop an 

understanding, by making predictions and new discoveries. [27] 

Our first glimpses into the physics that exist near the center of a black hole are being 

made possible using "loop quantum gravity"ɂa theory that uses quantum mechanics to 

extend gravitational physics beyond Einstein's theory of general relativity. [26] 

In the shadowy regions of black holes two fundamental theories describing our world 

collide. Can these problems be resolved and do black holes really exist? First, we may 

have to see one and scientists are trying to do just this. [25] 

The authors suggest that this virtual reality simulation could be useful for studying black 

holes. [24] 

Every galaxy is thought to harbor a supermassive black hole in the center, or nucleus, of 

the galaxy, and in active galaxies this black hole is fed by infalling matter. [23] 

A new study by researchers at the University of Colorado Boulder finds that violent 

crashes may be more effective at activating black holes than more peaceful mergers. [22] 

For the first time, a team of astronomers has observed several pairs of galaxies in the 

final stages of merging together into single, larger galaxies. [21] 

In a cluster of some of the most massive and luminous  HYPERLINK 

"https://phys.org/tags/stars/" stars  in our galaxy, about 5,000 light years from Earth, 

astronomers detected particles being accelerated by a rapidly rotating neutron star as 

it passed by the massive star it orbits only once every 50 years. [20] 

https://phys.org/tags/black+holes/
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For the first time astronomers have detected gravitational waves from a merged, 

hyper-massive neutron star. [19] 

A group of scientists from the Niels Bohr Institute (NBI) at the University of Copenhagen will soon 

start developing a new line of technical equipment in order to dramatically improve gravitational 

wave detectors. [18] 

A global team of scientists, including two University of Mississippi physicists, has found 

that the same instruments used in the historic discovery of gravitational waves caused 

by colliding black holes could help unlock the secrets of dark matter, a mysterious and 

as-yet-unobserved component of the universe. [17]  

The lack of so-ÃÁÌÌÅÄ ȰÄÁÒË ÐÈÏÔÏÎÓȱ ÉÎ ÅÌÅÃÔÒÏÎ-positron collision data rules out 

scenarios in which these hypothetical particles explain thÅ ÍÕÏÎȭÓ ÍÁÇÎÅÔÉÃ ÍÏÍÅÎÔȢ 

[16]  

By reproducing the complexity of the cosmos through unprecedented simulations, a new 

study highlights the importance of the possible behaviour of very high-energy photons. 

In their journey through intergalactic magnetic fields, such photons could be 

transformed into axions and thus avoid being absorbed. [15]  

Scientists have detected a mysterious X-ray signal that could be caused by dark matter 

ÓÔÒÅÁÍÉÎÇ ÏÕÔ ÏÆ ÏÕÒ 3ÕÎȭÓ ÃÏÒÅȢ  

Hidden photons are predicted in some extensions of the Standard Model of particle 

physics, and unlike WIMPs they would interact electromagnetically with normal matter.  

In particle physics and astrophysics, weakly interacting massive particles, or WIMPs, are 

among the leading hypothetical particle physics candidates for dark matter.   

The gravitational force attracting the matter, causing concentration of the matter in a 

small space and leaving much space with low matter concentration: dark matter and 

energy.   

There is an asymmetry between the mass of the electric charges, for example proton and 

electron, can understood by the asymmetrical Planck Distribution Law. This 

temperature dependent energy distribution is asymmetric around the maximum 

intensity, where the annihilation of matter and antimatter is a high probability event. 

The asymmetric sides are creating different frequencies of electromagnetic radiations 

being in the same intensity level and compensating each other. One of these 

compensating ratios is the electron ɀ proton mass ratio. The lower energy side has no 

compensating intensity level, it is the dark energy and the corresponding matter is the 

dark matter.   
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The Big Bang  
The Big Bang caused acceleration created radial currents of the matter, and since the matter is 

composed of negative and positive charges, these currents are creating magnetic field and 

attracting forces between the parallel moving electric currents. This is the gravitational force 

experienced by the matter, and also the mass is result of the electromagnetic forces between the 

charged particles. The positive and negative charged currents attracts each other or by the 

magnetic forces or by the much stronger electrostatic forces!?  

The gravitational force attracting the matter, causing concentration of the matter in a small space 

and leaving much space with low matter concentration: dark matter and energy.  

There is an asymmetry between the mass of the electric charges, for example proton and electron, 

can understood by the asymmetrical Planck Distribution Law. This temperature dependent energy 

distribution is asymmetric around the maximum intensity, where the annihilation of matter and 

antimatter is a high probability event. The asymmetric sides are creating different frequencies of 

electromagnetic radiations being in the same intensity level and compensating each other. One of 

these compensating ratios is the electron ς proton mass ratio. The lower energy side has no 

compensating intensity level, it is the dark energy and the corresponding matter is the dark matter.  

How to escape a black hole: Simulations provide new clues about 

powerful plasma jets  
Black holes are known for their voracious appetites, binging on matter with such ferocity that not 

even light can escape once it's swallowed up. 

Less understood, though, is how black holes purge energy locked up in their rotation, jetting near-

light-speed plasmas into space to opposite sides in one of the most powerful displays in the 

universe. These jets can extend outward for millions of light years. 

New simulations led by researchers working at the Department of Energy's Lawrence Berkeley 

National Laboratory (Berkeley Lab) and UC Berkeley have combined decades-old theories to 

provide new insight about the driving mechanisms in the plasma jets that allows them to steal 

energy from black holes' powerful gravitational fields and propel it far from their gaping mouths. 

The simulations could provide a useful comparison for high-resolution observations from the Event 

Horizon Telescope, an array that is designed to provide the first direct images of the regions where 

the plasma jets form. 

The telescope will enable new views of the black hole at the center of our own Milky Way galaxy, as 

well as detailed views of other supermassive black holes. 

"How can the energy in a black hole's rotation be extracted to make jets?" said Kyle Parfrey, who 

led the work on the simulations while he was an Einstein Postdoctoral Fellow affiliated with the 

Nuclear Science Division at Berkeley Lab. "This has been a question for a long time." 

Now a senior fellow at NASA Goddard Space Flight Center in Maryland, Parfrey is the lead author of 

a study, published Jan. 23 in Physical Review Letters, that details the simulations research. 

https://phys.org/tags/black+holes/
https://phys.org/tags/plasma/
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The simulations, for the first time, unite a theory that explains how electric currents around a black 

hole twist magnetic fields into forming jets, with a separate theory explaining how particles 

crossing through a black hole's point of no returnτthe event horizonτcan appear to a distant 

observer to carry in negative energy and lower the black hole's overall rotational energy. 

It's like eating a snack that causes you to lose calories rather than gaining them. The black hole 

actually loses mass as a result of slurping in these "negative-energy" particles. 

Computer simulations have difficulty in modeling all of the complex physics involved in plasma-jet 

launching, which must account for the creation of pairs of electrons and positrons, the acceleration 

mechanism for particles, and the emission of light in the jets. 

Berkeley Lab has contributed extensively to plasma simulations over its long history. Plasma is a 

gas-like mixture of charged particles that is the universe's most common state of matter. 

Parfrey said he realized that more complex simulations to better describe the jets would require a 

combination of expertise in plasma physics and the general theory of relativity. 

"I thought it would be a good time to try to bring these two things together," he said. 

Performed at a supercomputing center at NASA Ames Research Center in Mountain View, 

California, the simulations incorporate new numerical techniques that provide the first model of a 

collisionless plasmaτin which collisions between charged particles do not play a major roleτin the 

presence of a strong gravitational field associated with a black hole. 

The simulations naturally produce effects known as the Blandford-Znajek mechanism, which 

describes the twisting magnetic fields that form jets, and a separate Penrose process that describes 

what happens when negative-energy particles are gulped down by the black hole. 

The Penrose process, "even though it doesn't necessarily contribute that much to extracting the 

black hole's rotation energy," Parfrey said, "is possibly directly linked to the electric currents that 

twist the jets' magnetic fields." 

While more detailed than some earlier models, Parfrey noted that his team's simulations are still 

playing catch-up with observations, and are idealized in some ways to simplify the calculations 

needed to perform the simulations. 

The team intends to better model the process by which electron-positron pairs are created in the 

jets in order to study the jets' plasma distribution and their emission of radiation more realistically 

for comparison to observations. They also plan to broaden the scope of the simulations to include 

the flow of infalling matter around the black hole's event horizon, known as its accretion flow. 

"We hope to provide a more consistent picture of the whole problem," he said. [30] 



 

 

The orderly chaos of black holes  
During the formation of a black hole, a bright burst of very energetic light in the form of gamma 

rays is produced, these events are called gamma ray bursts. The physics behind this phenomenon 

includes many of the least understood fields within physics today: general gravity, extreme 

temperatures and acceleration of particles far beyond the energy of the most powerful particle 

accelerators on Earth. 

In order to analyse these gamma ray bursts, researchers from the University of Geneva (UNIGE), in 

collaboration with the Paul Scherrer Institute (PSI) of Villigen, Switzerland, the Institute of High 

Energy Physics in Beijing and the National Center for Nuclear Research of Swierk in Poland, built the 

POLAR instrument to analyze gamma ray bursts, which was sent in 2016 to the Chinese Tiangong-2 

space laboratory. Contrary to prevailing theories, the first results of POLAR reveal that the high 

energy photons coming from gamma ray bursts are neither completely chaotic, nor completely 

organized, but a mixture of the two: Within short time intervals, the photons are found to oscillate 

in the same direction, but the oscillation direction changes with time. These unexpected results are 

reported in a recent issue of the journal Nature Astronomy. 

When two neutron stars collide or a super-massive star collapses into itself, a black hole is created. 

This birth is accompanied by a gamma ray burst (GRB)τa very energetic light wavelength such as 

that emitted by radioactive sources. 

Is the black hole birth environment organiz ed or chaotic? 
How and where the gamma rays are produced is still a mystery, and there are two schools of 

thought on their origin. The first predicts that photons from GRBs are polarized, meaning the 

majority of them oscillate in the same direction. If this were the case, the source of the photons 

would likely be a strong and well-organized magnetic field formed during the violent aftermath of 

the black hole production. A second theory suggests that the photons are not polarized, implying a 

more chaotic emission environment. But how to check this? 

"Our international teams have built the first powerful and dedicated detector, called POLAR, 

capable of measuring the polarization of gamma rays from GRBs. This instrument allows us to learn 

more about their source," said Xin Wu, professor in the Department of Nuclear and Particle Physics 

of the Faculty of Sciences of UNIGE. Its operation is simple. It is a square of 50 x 50 cm2 consisting of 

1600 scintillator bars in which the gamma rays collide with the atoms that make up these bars. 

When a photon collides in a bar, we can measure it. Afterwards, it can produce a second photon 

which can cause a second visible collision. "If the photons are polarized, we observe a directional 

dependency between the impact positions of the photons, continues Nicolas Produit, researcher at 

the Department of Astronomy of the Faculty of Sciences of UNIGE. On the contrary, if there is no 

polarization, the second photon resulting from the first collision will leave in a fully random 

direction." 

Order within chaos  
In six months, POLAR has detected 55 gamma ray bursts, and scientist analyzed the polarization of 

gamma rays from the five brightest ones. The results are surprising, to say the least. "When we 

https://phys.org/tags/neutron+stars/
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analyse the polarization of a gamma ray burst as a whole, we see at most a very weak polarization, 

which seems to clearly favour several theories," says Merlin Kole, a researcher at the Department 

of Nuclear and Particle Physics of the Faculty of Sciences of UNIGE and one of the main authors of 

the paper. 

Faced with this first result, the scientists looked in more detail at a very powerful nine-second 

long gamma ray burst and cut it into time intervals of two seconds. "There, we discovered with 

surprise that, on the contrary, the photons are polarized in each slice, but the oscillation direction is 

different in each slice," Xin Wu says. It is this changing direction that makes the full GRB appear as 

very chaotic and unpolarized. "The results show that as the explosion takes place, something 

happens that causes the photons to be emitted with a different polarization direction. What this 

could be, we really don't know," says Kole. 

These first results confront the theorists with new information, requiring them to produce more 

detailed predictions. "We now want to build POLAR-2, which will be bigger and more precise. With 

that, we can dig deeper into these chaotic processes to discover the source of the gamma rays and 

unravel the mysteries of these highly energetic physical processes," explains Nicolas Produit. [29] 

 

Team discovers new way supermassive black holes are 'fed'  
Supermassive black holes weigh millions to billions times more than our sun and lie at the center of 

most galaxies. A supermassive black hole several million times the mass of the sun is situated in the 

heart of our very own Milky Way. 

Despite how commonplace supermassive black holes are, it remains unclear how they grow to 

such enormous proportions. Some black holes constantly swallow gas in their surroundings, some 

suddenly swallow whole stars. But neither theory independently explains how supermassive black 

holes can "switch on" so unexpectedly and keep growing so fast for a long period. 

A new Tel Aviv University-led study published today in Nature Astronomy finds that some 

supermassive black holes are triggered to grow, suddenly devouring a large amount of gas in their 

surroundings. 

In February 2017, the All Sky Automated Survey for Supernovae discovered an event known as AT 

2017bgt. This event was initially believed to be a "star swallowing" event, or a "tidal disruption" 

event, because the radiation emitted around the black hole grew more than 50 times brighter than 

what had been observed in 2004. 

However, after extensive observations using a multitude of telescopes, a team of researchers led by 

Dr. Benny Trakhtenbrot and Dr. Iair Arcavi, both of TAU's Raymond & Beverly Sackler School of 

Physics and Astronomy, concluded that AT 2017bgt represented a new way of "feeding" black 

holes. 

"The sudden brightening of AT 2017bgt was reminiscent of a tidal disruption event," says Dr. 

Trakhtenbrot. "But we quickly realized that this time there was something unusual. The first clue 

was an additional component of light, which had never been seen in tidal disruption events." 

https://phys.org/tags/gamma+ray+burst/
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Dr. Arcavi, who led the data collection, adds, "We followed this event for more than a year with 

telescopes on Earth and in space, and what we saw did not match anything we had seen before." 

The observations matched the theoretical predictions of another member of the research team, 

Prof. Hagai Netzer, also of Tel Aviv University. 

"We had predicted back in the 1980s that a black hole swallowing gas from its surroundings could 

produce the elements of light seen here," says Prof. Netzer. "This new result is the first time the 

process was seen in practice." 

Astronomers from the U.S., Chile, Poland and the U.K. took part in the observations and analysis 

effort, which used three different space telescopes, including the new NICER telescope installed on 

board the International Space Station. 

One of the ultraviolet images obtained during the data acquisition frenzy turned out to be the 

millionth image taken by the Neil Gehrels Swift Observatoryτan event celebrated by NASA, which 

operates this space mission. 

The research team identified two additional recently reported events of black holes "switched on," 

which share the same emission properties as AT 2017bgt. These three events form a new and 

tantalizing class of black hole re-activation. 

"We are not yet sure about the cause of this dramatic and sudden enhancement in the black holes' 

feeding rate," concludes Dr. Trakhtenbrot. "There are many known ways to speed up the growth of 

giant black holes, but they typically happen during much longer timescales." 

"We hope to detect many more such events, and to follow them with several telescopes working in 

tandem," says Dr. Arcavi. "This is the only way to complete our picture of black hole growth, to 

understand what speeds it up, and perhaps finally solve the mystery of how these giant monsters 

form." [28] 

 

Rotating black holes may serve as gentle portals for hyperspace travel  
One of the most cherished science fiction scenarios is using a black hole as a portal to another 

dimension or time or universe. That fantasy may be closer to reality than previously imagined. 

Black holes are perhaps the most mysterious objects in the universe. They are the consequence of 

gravity crushing a dying star without limit, leading to the formation of a true singularity ς which 

happens when an entire star gets compressed down to a single point yielding an object with infinite 

density. This dense and hot singularity punches a hole in the fabric of spacetime itself, possibly 

opening up an opportunity for hyperspace travel. That is, a short cut through spacetime allowing 

for travel over cosmic scale distances in a short period. 

Researchers previously thought that any spacecraft attempting to use a black hole as a portal of this 

type would have to reckon with nature at its worst. The hot and dense singularity would cause the 

spacecraft to endure a sequence of increasingly uncomfortable tidal stretching and squeezing 

before being completely vaporized. 

https://phys.org/tags/data+collection/


Flying through a black hole  
My team at the University of Massachusetts Dartmouth and a colleague at Georgia Gwinnett 

College have shown that all black holes are not created equal. If the black hole like Sagittarius A*, 

located at the center of our own galaxy, is large and rotating, then the outlook for a spacecraft 

changes dramatically. That's because the singularity that a spacecraft would have to contend with is 

very gentle and could allow for a very peaceful passage. 

 

¢ƘŜ ŦƛŎǘƛƻƴŀƭ aƛƭƭŜǊΩǎ ǇƭŀƴŜǘ ƻǊōƛǘƛƴƎ ǘƘŜ ōƭŀŎƪ ƘƻƭŜ DŀǊƎŀƴǘǳŀΣ ƛƴ ǘƘŜ ƳƻǾƛŜ ΨLƴǘŜǊǎǘŜƭƭŀǊΦΩ /ǊŜŘƛǘΥ 

interstellarfilm.wikia.com 

The reason that this is possible is that the relevant singularity inside a rotating black hole is 

technically "weak," and thus does not damage objects that interact with it. At first, this fact may 

seem counter intuitive. But one can think of it as analogous to the common experience of quickly 

passing one's finger through a candle's near 2,000-degree flame, without getting burned. 

My colleague Lior Burko and I have been investigating the physics of black holes for over two 

decades. In 2016, my Ph.D. student, Caroline Mallary, inspired by Christopher Nolan's blockbuster 

film "Interstellar," set out to test if Cooper (Matthew McConaughey's character), could survive his 

fall deep into Gargantua ς a fictional, supermassive, rapidly rotating black hole some 100 million 

times the mass of our sun. "Interstellar" was based on a book written by Nobel Prize-winning 

astrophysicist Kip Thorne and Gargantua's physical properties are central to the plot of this 

Hollywood movie. 

Building on work done by physicist Amos Ori two decades prior, and armed with her strong 

computational skills, Mallary built a computer model that would capture most of the essential 

physical effects on a spacecraft, or any large object, falling into a large, rotating black hole like 

Sagittarius A*. 

http://gravity.phy.umassd.edu/
https://phys.org/tags/black+holes/
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Not even a bumpy ride?  
What she discovered is that under all conditions an object falling into a rotating black hole would 

not experience infinitely large effects upon passage through the hole's so-called inner horizon 

singularity. This is the singularity that an object entering a rotating black hole cannot maneuver 

around or avoid. Not only that, under the right circumstances, these effects may be negligibly small, 

allowing for a rather comfortable passage through the singularity. In fact, there may no noticeable 

effects on the falling object at all. This increases the feasibility of using large, rotating black holes as 

portals for hyperspace travel. 

 

¢Ƙƛǎ ƎǊŀǇƘ ŘŜǇƛŎǘǎ ǘƘŜ ǇƘȅǎƛŎŀƭ ǎǘǊŀƛƴ ƻƴ ǘƘŜ ǎǇŀŎŜŎǊŀŦǘΩǎ ǎǘŜŜƭ ŦǊŀƳŜ ŀǎ ƛǘ ǇƭǳƳƳŜǘǎ ƛƴǘƻ ŀ ǊƻǘŀǘƛƴƎ 

black hole. The inset shows a detailed zoom-in for very late times. The important thing to note is 

that the strain increases dramatically Χmore 

Mallary also discovered a feature that was not fully appreciated before: the fact that the effects of 

the singularity in the context of a rotating black hole would result in rapidly increasing cycles of 

stretching and squeezing on the spacecraft. But for very large black holes like Gargantua, the 

strength of this effect would be very small. So, the spacecraft and any individuals on board would 

not detect it. 

The crucial point is that these effects do not increase without bound; in fact, they stay finite, even 

though the stresses on the spacecraft tend to grow indefinitely as it approaches the black hole. 

There are a few important simplifying assumptions and resulting caveats in the context of Mallary's 

model. The main assumption is that the black hole under consideration is completely isolated and 

thus not subject to constant disturbances by a source such as another star in its vicinity or even any 

falling radiation. While this assumption allows important simplifications, it is worth noting that 

most black holes are surrounded by cosmic material ς dust, gas, radiation. 

Therefore, a natural extension of Mallary's work would be to perform a similar study in the context 

of a more realistic astrophysical black hole. 

Mallary's approach of using a computer simulation to examine the effects of a black hole on an 

object is very common in the field of black hole physics. Needless to say, we do not have the 

https://phys.org/news/2019-01-rotating-black-holes-gentle-portals.html
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capability of performing real experiments in or near black holes yet, so scientists resort to theory 

and simulations to develop an understanding, by making predictions and new discoveries. [27] 

 

Beyond the black hole singularity  
Our first glimpses into the physics that exist near the center of a black hole are being made possible 

using "loop quantum gravity"τa theory that uses quantum mechanics to extend gravitational 

physics beyond Einstein's theory of general relativity. Loop quantum gravity, originated at Penn 

State and subsequently developed by a large number of scientists worldwide, is opening up a new 

paradigm in modern physics. The theory has emerged as a leading candidate to analyze extreme 

cosmological and astrophysical phenomena in parts of the universe, like black holes, where the 

equations of general relativity cease to be useful. 

Previous work in loop quantum gravity that was highly influential in the field analyzed the quantum 

nature of the Big Bang, and now two new papers by Abhay Ashtekar and Javier Olmedo at Penn 

State and Parampreet Singh at Louisiana State University extend those results to black hole 

interiors. The papers appear as "Editors' suggestions" in the journals Physical Review Letters and 

Physical Review on December 10, 2018 and were also highlighted in a Viewpoint article in the 

journal Physics. 

"The best theory of gravity that we have today is general relativity, but it has limitations," said 

Ashtekar, Evan Pugh Professor of Physics, holder of the Eberly Family Chair in Physics, and director 

of the Penn State Institute for Gravitation and the Cosmos. "For example, general relativity predicts 

that there are places in the universe where gravity becomes infinite and space-time simply ends. 

We refer to these places as 'singularities.' But even Einstein agreed that this limitation of general 

relativity results from the fact that it ignores quantum mechanics." 

At the center of a black hole the gravity is so strong that, according to general relativity, space-time 

becomes so extremely curved that ultimately the curvature becomes infinite. This results in space-

time having a jagged edge, beyond which physics no longer existsτthe singularity. Another 

example of a singularity is the Big Bang. Asking what happened before the Big Bang is a 

meaningless question in general relativity, because space-time ends, and there is no before. But 

modifications to Einstein's equations that incorporated quantum mechanics through loop quantum 

gravity allowed researchers to extend physics beyond the Big Bang and make new predictions. The 

two recent papers have accomplished the same thing for the black hole singularity. 

"The basis of loop quantum gravity is Einstein's discovery that the geometry of space-time is not 

just a stage on which cosmological events are acted out, but it is itself a physical entity that can be 

bent," said Ashtekar. "As a physical entity the geometry of space-time is made up of some 

fundamental units, just as matter is made up of atoms. These units of geometryτcalled 'quantum 

excitations'τare orders of magnitude smaller than we can detect with today's technology, but we 

have precise quantum equations that predict their behavior, and one of the best places to look for 

their effects is at the center of a black hole." According to general relativity, at the center of a black 

hole gravity becomes infinite so everything that goes in, including the information needed for 

physical calculations, is lost. This leads to the celebrated 'information paradox' that theoretical 

physicists have been grappling with for over 40 years. However, the quantum corrections of loop 

https://phys.org/tags/general+relativity/
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quantum gravity allow for a repulsive force that can overwhelm even the strongest pull of 

classical gravity and therefore physics can continue to exist. This opens an avenue to show in detail 

that there is no loss of information at the center of a blackhole, which the researchers are now 

pursuing. 

Interestingly, even though loop quantum gravity continues to work where general relativity breaks 

downτblack hole singularities, the Big Bangτits predictions match those of general relativity quite 

precisely under less extreme circumstances away from the singularity. "It is highly non-trivial to 

achieve both," said Singh, associate professor of physics at Louisiana State. "Indeed, a number of 

investigators have explored the quantum nature of the black hole singularity over the past decade, 

but either the singularity prevailed or the mechanisms that resolved it unleashed unnatural effects. 

Our new work is free of all such limitations." [26] 

 

Will we ever see a black hole?  
In the shadowy regions of black holes two fundamental theories describing our world collide. Can 

these problems be resolved and do black holes really exist? First, we may have to see one and 

scientists are trying to do just this. 

Of all the forces in physics there is one that we still do not understand at all: Gravity. 

Gravity is where fundamental physics and astronomy meet, and where the two most fundamental 

theories describing our worldτquantum theory and Einstein's theory of spacetime and gravity 

(aka. the theory of general relativity) ς clash head on. 

The two theories are seemingly incompatible. And for the most part this isn't a problem. They both 

live in distinct worlds, where quantum physics describes the very small, and general relativity 

describes the very largest scales. 

Only when you get to very small scales and extreme gravity, do the two theories collide, and 

somehow, one of them gets it wrong. At least in theory. 

But there is once place in the universe where we could actually witness this problem occurring in 

real life and perhaps even solve it: the edge of a black hole. Here, we find the most extreme gravity. 

There's just one issue ς nobody has ever actually 'seen' a black hole. 

So, what is a black hole? 
Imagine that the entire drama of the physical world unfolds in the theatre of spacetime, but gravity 

is the only 'force' that actually modifies the theatre in which it plays. 

The force of gravity rules the universe, but it may not even be a force in the traditional sense. 

Einstein described it as a consequence of the deformation of spacetime. And perhaps it simply does 

not fit the standard model of particle physics. 

When a very big star explodes at the end of its lifetime, its innermost part will collapse under its 

own gravity, since there is no longer enough fuel to sustain the pressure working against the force 

of gravity (yes, gravity feels like a force after all, doesn't it!). 
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