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THE BIG TOE: What is the Theory of Everything?
Copyright © Jarmo Koskinen, 2017

The First Piece of the Puzzle: Quantum Gravity
What is the missing "Theory of Everything" (TOE) in physics? What does such a
theory have to do? Firstly TOE is a misnomer as there cannot be a single theory
that is literally about everything. It is really a sought for theory that should
complete the missing pieces of the puzzle of physics that our other respected
theories have failed to fill, such as showing how the four known forces arise and
how they are related. For now our theories of how the universe works are divided
into large scale theories like General and Special Relativity and small scale
theories from quantum mechanics. The universe is interconnected but we do not
know how these differing scaled theories unite. When we discover TOE, to use an
analogy, it will sit on the pinnacle of the pyramid of theories in physics and
illuminate the other theories in lower strata. It will complete our understanding of
forces, matter, space/time and much more. It is amongst the most exciting
searches in the history of science.
Currently we have
three very strongly
confirmed theories
that relate directly to
the TOE. Firstly there is
the Standard Model of
Particle Physics and it
goes to the microrealm of subatomic
particles. Some of
these combine to
create atoms; which in
turn combine to create
molecules. According
to atomic theory,
atoms and molecules
are what make up
common or baryonic
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matter of material things, including us and what we see on earth and in the sky.
The Standard Model contains 17 detected particles and explains their
characteristics and how they behave and interact. Secondly there is Einstein's
General Theory of Relativity that explains how gravity acts primarily in the macrorealm of larger things. Thirdly, Einstein's Special Theory of Relativity describes
things that move at constant velocities, outside of the influence of gravity;
constrained by the speed of light, which is the universal top speed limit in
vacuum. It is to this theory that he added his famous equation E = Mc2; it shows
that mass and energy are two sides of the same coin and given the right high
energy conditions, one can transform into the other.
The problem alluded to earlier, is
the Standard Model only
includes three of the known four
forces; electromagnetism and
the strong & weak nuclear
forces. These are quantum
forces since the Standard Model
carrier particles called bosons
deliver energy in discrete
packets or quanta to matter
particles called fermions. This
model doesn't yet include gravity
and we do not know how the
Standard Model relates to
General Relativity. This is at least
part of the problem called
quantum gravity and answering this mystery is an essential chore for the missing
TOE. It is possible this problem can be solved before we discover the larger
theory; which is to say, the theory of quantum gravity is part of TOE.
There is another part to the problem of quantum gravity. Albert Einstein claimed
the gravitational field and space/time are one and the same. However space/time
is more than just gravity; it is also the container for our universe's matter and
energy and so gravity somehow emerges from space/time. It might not be a
quantum force like the other three and if so we need to explain how it works.
3

Further space/time might not even be elementary but emerges from some
deeper level of unknown interactions. We need to clarify the nature of
space/time; it's more essential work for the TOE.
I think it needs to be said up front, that science isn’t about absolute certainties;
far from it. There isn’t any such thing as a theory that is unassailable; even the
most cherished and time tested laws can be shown to be incomplete in certain
energy levels and improved upon by new theories. Supposed certainties are
found amongst the religions of the world, but not in science. Even when a TOE
contender, two or more appear, no one will say any one is above reproach. It
simply isn’t the way of science. It just keeps marching on and on towards truth
but it never becomes a completely settled issue. Someone can always upset the
apple cart and every time it happens it has to be respected.

Black Hole Mysteries
The strongest gravitational things known in the universe are black holes. These
objects are so gravitationally powerful that not even light can escape them. Super
massive ones are believed to be in the cores of all or at least most galaxies or
collections of stars. There are many differing concepts of how black holes operate
including ideas of wormholes that supposedly create short cuts to distant places
within our universe or possibly even to other universes, assuming they exist.
General Relativity predicts the inner core point of black holes form singularities
and this is where gravity becomes infinite and space/time reduces to zero
volume. If this is so, then the laws of known physics break down and we are in a
realm that is like the Twilight Zone, impossible to comprehend. Perhaps quantum
effects blur out these singularities but no one knows for sure.
In 1973-75 Stephen Hawking with Jacob Bekenstein showed that black holes
radiate energy, now called Hawking Radiation due to quantum effects. He claimed
that virtual pairs of particles which appear everywhere within space/time can also
spontaneously arise around black hole surfaces or borders called event horizons.
Virtual particles need energy or else they blur out and disappear back into
space/time before we can even detect them. However, the virtual paired particles
around an event horizon can be energized and become a longer-lived particles.
One can be sucked into the black hole while the other one which is a little further
4

out could escape and this could constantly happen in large numbers and create
radiation around the event horizon. This is what we have dubbed Hawking
radiation and it relies on the energy of the gravitational field around the event
horizon to convert virtual particles to long-lived ones. When it does, it draws
energy from the black hole that must replenish the gravitational field.

Stephen also realized what is now known as “the Black Hole Information Loss
Paradox”. If something is consumed by a black hole, he claimed its
information would be forever lost to the universe. This goes against a key
principle in quantum mechanics that requires quantum information has to be
conserved. Even if you burn a book in a fire, quantum mechanics claims the
information in the book is not really lost. It is highly transformed & scattered and
very, very difficult to retrieve but in principle it could be.
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If we had some advanced technology to catch and combine all the smoke, heat
and ashes back together you could reconstruct the book. It’s possible since its
quantum information is not really lost; it’s conserved.
A problem that arises if information is truly lost in any process is, it would disrupt
causality but only in any process where information has completely disappeared.
Further if information is truly destroyed in black holes, the probability inherent in
quantum mechanics could allow information to vanish anywhere in space/time. It
would be highly improbable outside of black holes and perhaps it wouldn’t even
happen once in a billion or more years, but it would be possible.
All of this disturbed many physicists; notably John Preskill, Leonard Susskind and
Gerard ‘t Hoof. In 1997 Preskill placed a bet with Hawking and Kip Thorne that
information was not lost in black holes. Leonard Susskind and Gerard ‘t Hooft
declared war on Hawking’s claim and a decades long public debate ensued.
Susskind even published a book in 2008, “The Black Hole War: My Battle with
Stephen Hawking to Make the World Safe for Quantum Mechanics.”
The holographic principle was firstly proposed by Gerard ‘t Hooft. It claims the
information in any volume of space is encoded on a two dimensional boundary on
the said region. It is strange since it is more natural to think the information
would be stored within any three dimensional box of space/time. However ‘t Hoof
and Susskind says no, even the entire observable universe can be viewed as
information on the two dimensional boundary called the cosmological horizon.
The idea that the information of black holes and really anything within space/time
is stored on the area of a boundary rather than in its volume was firstly proposed
by Jacob Bekenstein when he was developing the concept of black hole entropy. ‘t
Hoof stretched the concept into the holographic principle.
The principle goes on to say any volume in space/time even your bedroom is said
to be enclosed by a two dimensional boundary that contains all of the information
for things that are within it, people, furniture, bed, clothes, a box of tissue paper
etc. The concept is only similar to how a real two dimensional film called a
hologram contains three dimensional information. It has to be illuminated by a
laser beam to project a three dimensional still image onto the environment called
a holograph. The holographical principle doesn’t include an analogue to laser
6

beam illumination and everything we see is not a three dimensional still image.
We see moving and interacting things and so the analogy breaks down.
D’ Hoof and Susskind do not even say how their principle really works; so as a
theoretical idea it is shallow as a physical mechanism; something that is still at
least in part a mystery. I am not saying they’re completely wrong but to date it is
still inexplicable, but there it is. The holographic principle is said to have become a
core concept in today’s physics. If you ask me, it’s hard to believe and/or is at
least incomplete and therefore should be criticized.
The holographical principle was inspired by black hole thermodynamics that
claims the maximal entropy of a black hole goes to its radius squared and not
cubed, as again we would more naturally expect. Thermodynamics is the science
of heat and Hawking showed that black holes radiate so they must also have
entropy or else the well-established second law of thermodynamics would be
violated. He claimed that black holes, like other black bodies, also must increase
in entropy. The concept of entropy is tricky and even seasoned experts disagree
on details. I’m going to try to make it as simple as I can; but no doubt I’ll have
probably also erred in the attempt. In any case I’ll be in good company with many
others; perhaps to some degree with everyone who’s tried. My aim in this essay
isn’t to really solve problems but to point to those that are unsolved and
hopefully TOE will someday either aid to and/or do the solving.

Entropy, Boltzmann’s Brains and Campbell’s Tomato Soup
It is often claimed that entropy is disorder or chaos; but according to Dr. Frank
Lambert this is not so. He claimed that thermodynamic entropy is simply a
quantitative measure of what the second law of thermodynamics does in a given
system. Specifically, he said entropy is a measure of how much energy is radiated
or spread out in a particular process within a temperature range in a given
system. It is Lambert’s point of view that I’ve adopted and applied to try to
understand black hole thermodynamics. This differs from Stephen Hawking’s
approach in the famed 1974 Bekenstein-Hawking equation.
Entropy “S” according to Hawking, is the heat inherent in black
holes.
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Recall that it was Bekenstein who firstly suggested black holes have entropy. One
view of black hole entropy is it’s the number of possible arrangements of
something inside it. The problem is that black holes are as bald and featureless as
anything can get. What is there to count? This continues to baffle physicists and
there are a number of differing ideas. I think the concept is flawed but more
about this later; this is after all a short history of what people were thinking about
black holes. Right now, it doesn’t matter what I think; most likely it doesn’t
matter at-all!
Bekenstein based his new ideas on a thought-experiment that goes something
like this. Imagine you have a box of hot gas and you throw it into a black hole. The
box gets destroyed and the gas is released but what happens to its entropy?
Recall this is viewed as all the ways the gas particles can combine. Is it destroyed
or absorbed? Since the second law of thermodynamics claims that entropy
doesn’t decrease; therefore Bekenstein concluded that black holes must have
entropy and hence they have to be thermodynamic. This went against the then
conventional wisdom that nothing can escape a black hole; not even light. Further
John Wheeler claimed that black holes don’t have hair. He meant they didn’t have
any characteristics beyond mass, charge and spin. Bekenstein claimed they also
have entropy and that was double trouble; even Stephen Hawking initially
dismissed it as nonsense.1
Bekenstein’s achievement can be watered down and summarized by saying that
he mathematically showed that, “The entropy of a black hole, measured in bits, is
proportional to the area of its horizon, measured in Planck units.” (Planck units
are the smallest ones possible in quantum theory). He was almost concluding that
information precisely equals area but his mathematics indicates it is only
approximately so. Stephen Hawking by this time had woken up. He showed that
black holes not only had entropy but temperature. Black holes glow and in the
end it leads to their destruction.2 The issue was not only to develop the foresaid
Bekenstein/Hawking equation but also to explain its mechanism of radiation. All
of that, perhaps some rightly or wrongly, is history.

1

Susskind,, Leonard, The Black Hole War: My Battle with Stephen Hawking to Make the World Safe for Quantum
Mechanics, p.p. 148-149, Copyright © 2008 by Leonard Susskind, Little, Brown & Co., New York, NY.
2
Ibid, p. 156.
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Frank Lambert was a professor of chemistry and not a physicist but he labored to
make entropy and the second law of thermodynamics understandable to wider
audiences. Bekenstein and Hawking’s work was applied directly to problems
related to the second law and black holes. Much other thinking has been done
and the opinions of what black hole entropy specifically means differs widely.3
One idea is that entropy is the heat that is released in a process that didn’t go to
doing work. This, then has to be a by-product or excess radiation that simply
escapes. This was an early observation during the steam age when people were
employing steam engines to power trains, pumps and other machines of industry.
There was a lot of excess or wasted energy that spewed out into the
environment; seemingly gone and forever unusable. This concept of entropy hits
close to the bone of Lambertian entropy.
Lambert showed that we encounter the action of the second law of
thermodynamics daily in common processes that involves the radiation,
dissipation and spreading of energy and/or heat. It includes events, such as: how
hot pans cool, the gasoline that burns in your car’s engine, wood that burns in a
fireplace, water that falls from your roof, cream that mixes in your coffee, iron
that rusts, cells that breakdown as we age, the heat that radiates from any warm
or hot thing, when your car’s tire punctures and the pressurized air rushes out
etc. It is all about energy dispersal and/or atom or molecules dispersing into
larger volumes of space such as perfume that is sprayed into the air. These are all
spontaneous everyday events due to locked up energy in substances that are
released and dispersed provided there isn’t anything that blocks or hinders it. It’s
the transfer of concentrated energy to diffused energy and this continually occurs
due to the second law of thermodynamics. However some of these processes
happen quickly and others take much time. The second law is completely silent
about how long any of these dispersal processes take.4
Entropy, collectively speaking, is also a summary of such processes and as we’ve
seen, many are common to our daily experience. Heat is always in some way also
dispersed in these processes even if it isn’t apparent; hence it is thermodynamic.
Incidentally only the second law of thermodynamics gives us the arrow of time
that points from the present into the future. Dispersed energy such as sunlight
3
4

scholarpedia.org/article/Bekenstein-Hawking_entropy
Entropy is Simple – If We Avoid the Briar Patches! Frank L. Lambert, Aug. 2013, entropy.oxy.edu/content.htlm
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flows in one direction and never naturally reverses. At one moment it exists the
sun, another it reaches the Earth, eventually it leaves our solar system; never to
be seen in our location again. It is an example of the one way processes of
thermodynamics, occurring over time, that stamps time with its direction.
Entropy is about measuring changes in energy, specifically its radiation and
spreading. A messy room with papers, books, cups, bottles, pizza boxes scattered
around is not an increase in entropy. People moved these objects but this is
looking at the objects and their locations not at any energy that had been
dispensed and spreading. A shuffled deck of cards is mixed up but it is also not a
result that we can call an increase in entropy. The muscles in your hands
produced a slight amount of heat but the cards themselves didn’t undergo any
change in energy and that’s what Lambertian entropy specifically speaks to.
There isn’t any energy emission or loss that doesn’t involve an increase in entropy
since it’s a measure of its dispersal and spreading. Energy naturally disperses
providing it isn’t obstructed by humans such as when we build dams to hold back
water or by nature such as when trees fall into rivers and obstruct the flow of the
water. Any spontaneous process when energy was dispersed such as chemical
interactions or when lightning strikes the earth, there has to be increase in
entropy of the system.
It follows that when a system disperses energy it loses some of its density or loses
something of its former content. This means that we can also view an increase in
entropy as a decrease in a system’s density. Recall the other way for a system to
increase its entropy and that is due to an increase in the spreading of a system’s
content. Nothing says the energy has to keep on spreading as if something
obstructs it, it stops. In any case the system’s density has still decreased due to
spreading but it can also be seen as an increase in volume. The later simply gives
the mass/energy more elbow room even when it is in a fixed container. A simple
example of this is cream that is mixed with coffee in a cup. The molecules become
mixed and the creamed coffee occupies slightly more space or volume than the
coffee alone. The mixed beverage has increased entropy compared to the coffee
alone. When we say entropy has increased in a system we mean that it is only so
compared to a before and after state. Entropy in this view, is only and always
comparative or relational.
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Here is a clearer and simpler example of increasing the volume of a state. Imagine
a sealed box of gas where it is all trapped in one side by a middle partition. When
I remove it, I have increased the volume wherein the gas molecules can move and
interact. However it can also be viewed as an increase in the degrees of freedom
the gas molecules gained since there is more space for them to move and
interact. This will be important later.
Let’s look at a commonly misunderstood example. If I drop a beer glass and it
breaks, pieces and shards are scattered and so its degree of entropy has
increased. It’s true; but not for the reason commonly given. People, even some
physicists, often claim it is due to scattered glass on the floor being in a more
disorderly state; but no. According to Lambert, entropy is not that kind of mess or
disorder! The increase in entropy occurs because when something breaks its
atomic or molecular bonds have been broken and some heat was dispersed into
the environment.
Now that we have, I think, a better understanding of entropy we can apply it to
some examples in cosmology; which is our main interest. It follows the entropy of
the observable universe must always increase as it’s an expanding system. Its
volume is constantly increases as its density decreases; so continually, up goes its
entropy. It can never decrease in an overall sense unless the expansion stops and
reverses towards a collapse due to gravity overcoming the universal expansion.
This is an eventual possibility but less likely today, since the discovery of dark
energy and the accelerated expansion of the universe.
Complex things like our planet, life and all the species temporarily exist due to
conditions achieved on the coattails of increasing entropy, at least for a time. This
follows since the degrees of freedom for things in it increases, in the expanding
volume of space/time. This allows for more ways for things to interact and
increases the probability for more complex things to exist but only in pockets that
are gravitationally bound.
This brings us to an interesting, if not bizarre, concept that arose in the later
stages of people thinking and theorizing about the second law and entropy. This is
the strange idea of the Boltzmann’s Brain. We’ll encounter it after some
necessary preliminary comments.
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Ludwig Boltzmann (1884-1906) was an Austrian physicist who developed
statistical mechanics to understand the properties of large numbers of
atoms/molecules interacting in a system. In his time the reality of atoms etc. was
highly disputed but Boltzmann insisted on them and found he had to apply
statistics to understand gases. It is impossible to track each atom and its
interactions in a volume of numerous others. It is this understandable ignorance
that forced him to rely on statistics to understand concepts like temperature and
pressure in any contained volume of gas.
Boltzmann’s mathematics showed that the second law is only a statistical fact due
to the large numbers of interacting atoms in gases. Within the overwhelming
chaos there are small occurrences of temporary sequences or patterns that arise;
but they always rapidly subside. The atoms of gas in a large box can very
occasionally, the odds are small, appear to be isolated in only one corner of the
box. His statistical mechanics foreshadowed the probability in quantum theory;
only here the probability is inherent in nature. It’s as if nature spins a roulette
wheel each time a detection is made and whatever comes up is the result and
absolutely nothing preceded the measurement.
The idea that Boltzmann’s probability is due to our inability to track a large
number of interacting atoms needs more explanation. It’s based on ignorance and
therefore isn’t primary. If we had a supernatural detector that could track, sum up
and calculate each particle and interaction then we could appeal to causality;
however we don’t know how. In quantum mechanics such as powerful detector is
useless because before there is a detection there isn’t anything to detect or
measure. However probability is still always uncertain and it doesn’t matter which
form of it, is observed; the two are equivalent. It is in this way that Boltzmann’s
probability foreshadowed that of the quantum realm.
Boltzmann’s formula is: S = k Log W (k is the Boltzmann constant & W = the
probability of a particular arrangement of atoms). Statistics and hence probability
had entered into physics of necessity but it wasn’t readily accepted by many
physicists who insisted that causality was the only reliable road.
In 1900 A.D. Max Planck reluctantly turned to Boltzmann’s equation when
classical physics failed to solve the ultra violet catastrophe that arose during high
temperatures in ovens called black bodies. The classical formulas worked to
12

accurately model lower ranged temperatures but when the heat hit the ultra
violet range, it predicted infinite values. This is impossible nonsense and Planck
wanted to solve the problem, called the ultra violet catastrophe. Boltzmann’s
statistical version of the second law of thermodynamics was still unpopular. It
allowed momentary violations of the second law during energy fluctuations but
Planck was plumb out of ideas. He was forced to consider Boltzmann’s
relationship between entropy and probability.
Planck incorporated three of Boltzmann’s premises about entropy: 1. His
statistical equation 2. Entropy must be maximal at equilibrium. This is the point
when it can no longer increase. 3. His counting technique that determines the
probability W. Planck realized he had to accept the chunks of energy that
emerged from oscillations in black bodies but as energies increased the chunks
decreased and would eventually become zero. The 0 value destroyed the
calculation so he modelled it so there was a tiny but non-zero chunk at the lowest
level of energy. When he did, it led to an agreement with the observations and
solved the ultra violet catastrophe.5
The result left his head spinning as it destroyed the assumed continuous nature of
energy. It could only have discrete values or consisted of tiny chunks or pieces.
The nature of energy is like stepping up or down on a staircase. It’s one step at a
time; there’s nothing in-between each step. Energy has a quantum nature and the
steps collectively are called quanta. Planck was delighted but also confounded. He
thought it was merely a mathematical trick, but he was wrong. Nature had
revealed something fundamental about energy and quantum physics was born!
Even Planck couldn’t put the genie back into the bottle.
In 1905 Albert Einstein applied the Planck solution to the photoelectric effect.
When light hits metals like thin foils it knocks out some electrons. Einstein’s
calculations showed that for this to work, light had to consist of particles that hit
and displaced electrons. These came to be called photons. Einstein won the 1921
Nobel Prize but now the world had two competing and well established views of
light. Not only did it act like waves which had also been experimentally proven

5

McEvoy, J.P. & Zarate, Oscar, Introducing Quantum Theory: A Graphic Guide, © 2013, Icon Books, London,
England, p.p. 38-43.
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but also as particles.6 This strange duality also became part and parcel of the new
but confusing quantum mechanics.
Unfortunately Ludwig Boltzmann committed suicide the following year. He was
unaware of Einstein’s other 1905 paper on Browning Motion, that not only
proved the existence of atoms but how to measure the size of molecules in a
liquid. Boltzmann had spent much of his life in physics modelling their interactions
in gases and some of his skeptical colleagues cruelly ridiculed his work. The world
lost a brilliant physicist who didn’t even know that Einstein had proven the
existence of atoms and molecules. His statistical mechanics proved to be highly
useful and a solid contribution to physics. Further he did have a clue that he was
one of the fathers of quantum mechanics that later changed the world.
Boltzmann had proposed our universe is an eternal big box of gas out of which
our low-entropy state emerged from a random fluctuation. This is why we
observe so much organization. Most fluctuations are relatively small and result in
small amounts of organization; larger ones result in greater levels of organization
but are comparatively rarer. He also claimed it is the large size of the universe
that accommodates fluctuations that produce more organized things. If we are
the results of such a fluctuation then we lucked out and are observing a universe
that has very unlikely conditions. This is an expression of the anthropic principle
which generally says we are here due to the complex life friendly initial conditions
of the universe we live in. His concept is also similar to the modern idea of a
multiverse; that there are numerous universes with differing conditions and laws
of physics. We of necessity are in one that allows for complex life to exist;
otherwise we would not be here as observers. Of course we don’t know if there
really is a multiverse; but it’s a popular modern idea.
A Boltzmann’s brain is supposed to be a self-aware entity that didn’t arise
gradually by evolution over much time in a universe like ours that started in a
state of very-low entropy. Instead they simply pop into existence due to even
larger quantum fluctuations. The key idea here considers these very large
fluctuations to have been popping up over incredibly long periods of time on a
backdrop of eternity. Its only recourse is to give much faith to probability to allow
the practically miraculous appearance of fully functioning Boltzmann brains in a
6
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single instance. The idea is even expressed as a probabilistic paradox. The
believers point out that since they are disembodied entities they are less
complicated than us. We have bodies loaded with organs, tissues, bones etc. They
are simpler, only self-maintaining brains; therefore they should in an overall sense
be more plentiful.
The problem is our universe isn’t an eternal box of gas; our observable universe
started 13.8 billion years ago and that’s a mere speck compared to eternity.
Further our universe contains more than just gas and not only is it expanding but
its rate is accelerating; it is continually losing density and becoming emptier.
However if space/time contains a cosmological constant it must maintain the
same repulsive value per unit of volume, even as space expands. Space/time’s
expansion could conceivably continue forever. If so, then the theory claims at
some distant time in the future some regions could in theory fluctuate into any
configuration allowable by the local laws of physics. You could get not only atoms
appearing but viruses, people, dragons and Boltzmann brains.7
All of this is highly speculative as the universe’s expansion might be due to a
different mechanism; a dynamical field called quintessence. The universe’s future
expansion would be uncertain as it depends on the action of a changing field.
Perhaps the space/time vacuum or even the Higgs field will decay in time and
undergo transitions to lower states that can’t support large fluctuations. We just
don’t know.
We do know that virtual particles spontaneously appear and disappear constantly
in space/time but these cannot be directly detected. However a virtual particle
can gain energy and become a long-lived or detectable particle but this isn’t
anything like the supposed appearance of Boltzmann brains. Here we are looking
at the simultaneous appearance of consciousness and that’s got to be huge
stretch.
There are several other reasons to doubt that Boltzmann brains or any complex
thing can just pop into existence, be aware and start thinking. Boltzmann’s brains
practically need an eternity to even have any likelihood of appearing. We don’t
know enough about the endurance of space/time. Can it last forever in any
7
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locality? Are there hidden physics within it that can cause it to deteriorate?
Boltzmann could have simply be making more out of the fluctuations possible in
boxes of gas than any theoretical scenario of complex things popping into
existence warrants. I doubt a Boltzmann brain will appear near our earth or
anywhere else, anytime soon. It could simply be impossible and I, for one, am not
convinced they’re real. In any case it’s fun to read of the ideas that have traveled
on the coattails of entropy and the second law.
Here is some of what we do know. Life is an extremely complex arrangement of
molecules and so far we only know of it on our world – the Earth. Its existence
isn’t only due to increasing entropy, as it increases practically everywhere in the
universe. It depends on many other factors congealing in one place in space/time.
An important one is an abundance of liquid water, the universal solvent. Our
planet is in the habitable zone around the Sun where the temperature range
allows for the existence of liquid water. Complex life also needs to be in a place
that has fairly consistent temperatures and seasons that don’t vary widely. Our
large moon gravitationally stabilizes our planet’s wobble as it spins on its axis,
which is tilted about 23.5 degrees. The combination has created fairly stable
seasons over vast periods since the seeding of life on Earth about 3.85 billion
years ago.
There are approximately 115 known elements and most are listed on Periodic
Tables of Elements commonly used in chemistry. 92 of them occur naturally and
of them, about 19 are essential for humans. Of these 5 are known as bulk
elements as we need large amounts of them. These are oxygen, carbon,
hydrogen, nitrogen and sulfur. Next in line of constituents are the 6 macrominerals: sodium, magnesium, potassium, calcium, chlorine and phosphorus.
Finally there are 22 trace elements that are needed in very small quantities.8 All of
these had to be present on Earth to enable human life but other life forms’
constituents differ. Boron is required for the growth of some plants, bromine is
common among marine organisms and tungsten is necessary for some
microorganisms.
There are other necessary factors for the appearance of life on Earth but I think
you get the picture; entropy only allows for the degrees of freedom needed so
8
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that complex molecules can arise due to the principles of physics and chemistry. It
creates the necessary starting conditions; but the rest is up to chance
arrangements congealing in one place. Luckily for us the universe is vast and
contains billions upon billions of stars and planets. Earth is where we know life
exists but perhaps it also exists in other places in the universe. If so, singular
cellular life should be more abundant than more complex arrangements like us.
We have yet to discover ET even though the search for extraterrestrial
intelligence or SETI program has been searching since Carl Sagan and Frank Drake
founded it in 1984. It was founded by Carl Sagan and Frank Drake. There are some
people who have claimed ET’s have contacted and even abducted them but so far
their claims don’t live up to the level of scientific scrutiny. These people aren’t all
unbalanced or liars. They experienced something; but we don’t know what.

Here is what really has to happen to deliver the ingredients essentials for life to
arise. Lambertian entropy is a measure of the dispersal and spreading of energy
but here it has to have been acted upon by the laws of physics and chance
arrangements of matter. In order to create all the elements necessary for life, it
has to be a lot of lucky activity in one place in space, like our earth. Nature had to
firstly create stars large enough for nuclear fusion to create heavier elements; up
to iron in the periodic table. Then these stars had to explode in what is called a
novae or supernovae. These stellar explosions create even higher fusion energies
so some even heavier elements necessary for life could also appear. There could
also have been contributions to the heavier yet elements, such as gold, that
perhaps were produced in high energy impacts such as neutron star collisions.
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In any case it is essential that these elements were dispersed into outer space and
then later recombined into a subsequent solar system that has at least the
essential ingredients necessary for life to appear. The measure of these kinds of
dispersals and spreading is what Lambertian entropy is all about. If it didn’t
happen we would not be here.
As time marches on, the universe’s overall entropy has to keep increasing and at
some point complex things in pockets have to break down. Human beings and all
forms of life aren’t permanent as their molecules also keep gaining in their
degrees of freedom; complex things eventually must break down. Entropy is a
bitch that allowed for complexity on earth but as things continue to disperse, and
thereby keep increasing in entropy, they will eventually be dismantled. It will be
sometime in the very distant future. It’s important to keep in mind that it’s not
the increasing entropy that causes the breakdown. That can only be done by the
laws of physics and chance arrangements and encounters in the states where
entropy had increased enough. I’ll have more to say about this later.
Black holes have been thought of as entropy hoarders and it’s been estimated
they encompass most of the entropy in the universe; but I think otherwise. In
Lambertian entropy, areas where the most energy dispersal and spreading occurs,
is where entropy increases the most. This simply has to be space/time and it’s
constantly increasing in volume to boot. This means the density of radiation in
space/time constantly spreads. Emptier space/time or the areas outside of
astronomical objects have the most entropy and it grows in volume. Space/time is
also the prison that houses all things, including us; and there’s no hope of
breaking out alive as physical humans. After all, where else is there to go?
Humans, we know, are born and die here.
It’s time to introduce new concepts. I claim there are really positive and negative
entropy. Positive entropy is the measure of the amount/degree where energy is
dissipating and spreading. Negative entropy is stored or potential positive entropy
and this is concentrated mass/energy. That means that all matter, such as in you
and me, all things we see on earth and those that are in outer space: meteoroids,
asteroids, comets, moons, planets, galaxies, cluster of galaxies etc. have negative
entropy. Black holes are the densest known objects as there isn’t anything that
has as much energy/mass in equivalent volumes. Black holes then, have the most
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negative entropy in one place but conversely space/time houses the most positive
entropy.
However, surprisingly this reverses our understanding of entropy in black holes.
While feeding, a black hole grows in mass and this increases its negative entropy.
However since its volume also grows, this adds to its positive entropy but in this
case the negative entropy trumps the positive entropy and by a long shot since
black holes are so massive. It equals a net negative entropy which has the
potential to be converted into positive entropy when it radiates into outer space
via the Hawking radiation. Some black holes are supermassive and can be millions
or even billions of times the mass of our sun; that is a lot of potential entropy.
The mass of a black hole can be radiated because E = Mc2; mass can be converted
into energy and when it radiates, it increases the negative entropy of the area
immediately outside the event horizon. However there’s a conversion period; as
the energy continues to radiate and spread it loses density and space/time
outside of objects becomes the place where the most positive entropy exists. This
is so, as this is where the most energy is radiating and spreading in the space/time
that is void of astronomical objects.
When black holes stop feeding and become dormant they still disperse energy
into the outer universe via the Hawking radiation. Meanwhile black holes lose
content as they radiate and this process causes them to lose negative entropy or
mass/energy. While black holes constantly lose mass/energy while dormant it
means that black holes are never completely closed systems. When they feed
they take on mass/energy but are all-the-while still radiating. In the first scenario
the input and output are open and active. In the second scenario only the output
works; but black hole never stop acting on the outside universe.
Sometimes determining what a system actually is, isn’t clearly apparent. The
universe is the interconnection of all things; however humans like to break things
down and give them names; such as: atoms, molecules, chairs, horses etc. In our
case we want to know what systems are that increase in positive entropy. Here is
an example. When an ice cube melts in a warm room, some of the room’s heat
had transferred into the ice. Secondly the locked up or latent heat in the ice was
released and dispersed into the room while it melted. In one process, heat from
the room interacted with the ice. It appears that the negative entropy of the
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room decreased at least initially, since its heat entered into the ice; but no. The
ice is part of the room’s system as its temperature simply moved towards
stability. The room didn’t lose any energy as its overall negative entropy stayed
the same. I am ignoring open windows or doors, leaks allowed by cracks & other
openings, and the radiation that passes through materials. This is an unreal and
idealistic room.
We can view the ice as a system but It doesn’t matter whether the ice is inside a
room or outside in the open air. What is important is that it radiates heat and that
converts its negative entropy into positive entropy. The ice did lose some of its
negative entropy. It’s the second law that makes it so and therefore it’s a second
law abiding system. We have to look to the second law to demarcate systems.
There isn’t anything else that can slice up the pie of reality, at least in the
“entropy systems” sense.
Positive entropy doesn’t only increase in the air or space/time. It can also increase
through material objects that can also radiate and disperse heat. Take any hot
oven with its door shut. Some heat still escapes through the door and other parts
of its container. The oven is a radiating system and even its insulated container
radiates some of its heat and is therefore part of a thermodynamic system that
conducts, and/or disperses heat. The dispersal continues as the heat flows in the
air. Ultimately the earth radiates or disperses heat into outer space where its
spreading continues. It can still interact with other things and add to their heat
but it still gets radiated back into empty space. This is why space/time has the
most positive entropy even though on average its temperature is close to
absolute zero Kelvin. Ironically its low temperature is evidence of its high entropy.
It’s telling that the density or content of space/time is very low on average and
therefore high in positive entropy. Recall that entropy in an expanding volume
increases.
Since all of this may be a little confusing for some readers, it’s worth summarizing
for the sake of clarity. What I’ve really done is introduced the new concepts of
positive and negative entropy. Positive entropy is really what Lambert thought of
as dissipating energy, spreading or increasing in volume. A medium such as
space/time allows for the dissipation and spreading of energy/heat. No problem
here. However, negative entropy equals stored mass/energy locked up in
something, like any material thing be it an ice cube, rock, star or black hole. This
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means black holes, for example, must have a net negative entropy or else they
wouldn’t be black holes. Once all their mass/energy has been dissipated they’re
no longer in existence. What I’m saying is based on simple arithmetic; it’s just like
having money in your bank account that you can spend when you want to. Once
it’s gone you’re out of cash; the bank has been spent.
Of course all of this about black holes hinges on the reality of Hawking radiation
and it has yet to be detected. Yet, it’s one of those concepts in theoretical physics
that is extremely convincing. It’s why I have some confidence with the strange
idea that black holes hoard negative entropy. It’s like a balloon full of air. The air
sits relatively quietly locked up, as if it were by analogy waiting for the chance to
dissipate and disperse and create positive entropy abroad. If you poke a pin into
the balloon we know what happens; the air rushes out, dissipates and spreads.
Black holes are similar but nature has to provide the mechanism that can release
its energy into the outer universe. The Hawking radiation (most probably) is just
that mechanism.
Let’s go further. As the Hawking radiation continues over much time the black
hole’s negative entropy diminishes. Stephen Hawking has shown that the lower
the mass of a black hole, the faster goes its rate of radiation and eventually it
explodes in a blast of energy. This means that all of the negative entropy has been
converted to positive entropy and added to the bank of space/time which we
know is accelerating in its expansion. It’s even tempting to claim the increase of
positive entropy in space/time is causing the acceleration but, no. Firstly as
space/time expands in volume it causes a huge net positive entropy. Secondly
entropy is a measure of the quantity of energy dissipating or the degree it spreads
out in space/time. It doesn’t cause anything; since it is a measure of the results of
the second law of thermodynamics.
Entropy is not a fundamental force or even a force of any kind that directly
interacts with Standard Model particles or their composites. Let me put it another
way; entropy is a relational description comparing the before and after conditions
of states in a system. These states are caused by the laws or interactions in
nature. The forces do the acting or pushing and pulling and then only on their
compatible targets, be they particles and composites or even space/time. Entropy
cannot cause anything. But there is something more!
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Everything that I’ve been saying really confirms the predictions of the second law
of thermodynamics and if you understand the power of that law then you’ll know
that I’m appealing to an extremely established theory or law of nature. One of the
law’s tenets claims that heat naturally seeks a state of equilibrium. It requires
massive or denser things to dissipate energy and then that radiated energy or
heat seeks to or settle into a state of stability. However if something prevents
equilibrium it will maintain its potential until a way opens. It is like rolling a ball
down a hill but it gets stopped half way down by an obstacle such as a rock. It will
sit there with a stored gravitational potential until the obstacle is moved. When it
does, the ball will keep rolling down to the bottom of the hill until it comes to
another stop. This is its final resting place as far as this system is concerned.
Whenever a process runs out of steam and comes to equilibrium it’s called
reaching its ground state. That’s where we’ll leave our discussion of the rolling
ball that can’t roll any more. That is, unless someone kicks it; but then that’s
another system to consider.
According to the second law our universe must enter into its ground or final state
of equilibrium; it’s called its heat death. When this happens there will no longer
be radiating stars, black holes or anything else that dissipates energy. The
universe will become smooth and uniform like Campbell’s Tomato soup. The
universe will become an empty place without any notable activity. The heat death
will have arrived. It is the conversion of negative entropy to positive entropy that
allows for the forces to simply break everything down and smoothen everything
out. The second law is in good shape despite what some critics have to say about
possible problems with the heat death issue. No wonder it is also called the Law
of Entropy.
Everything I’ve said in this last part of this section is really an extension of the
Lambertian model or perspective of entropy. To include my contribution, I’ll
conclude with this simple statement:
Entropy is really the result of the conversion of potential or negative entropy into
positive entropy which is a relational measure of dispersing and spreading out of
energy including heat. Yes, it’s based on the second law of thermodynamics!
Whether there are any other changes beyond the heat death will depend on what
the TOE teaches us about space/time. Are there other forces and influences
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hidden there that can further interact? If so, then there’s potential/negative
entropy locked up and hidden in space/time until the laws of nature release it
when conditions are right. When and if it does, space/time’s negative entropy will
transform into positive entropy and there will be more fireworks. Hopefully the
TOE will help us to also answer these questions.
If there will be an eventual heat death it will take a very long time to appear; it’s
on the scale of trillions of years, long after the likely demise of human beings. So
don’t commit suicide! Your life is a tiny blimp on the current stage of time; enjoy
it while you can.
Earlier I said I disagreed with the concept of black hole entropy as the sum of the
number of possible arrangements of something within them. By now you
probably can see why. Lambertian entropy goes to dispersal and spreading of
energy and it eventually ends up flowing in outer space/time. Black holes I claim
contain potential or negative entropy but it doesn’t have anything to do with
adding up the possible arrangements of things within them. Their negative
entropy only goes to their mass/energy content alone which diminishes over time
due to mass to energy conversions (E = Mc2) and of course the Hawking radiation.
That’s enough about entropy; hopefully the TOE will help us sort out the details of
what it all really means.
Post Script: The concept of entropy is one of the most confusing ideas in physics. There are
numerous differing and contradictory ideas and most are very difficult to understand, written by
science writers, and some very learned physicists and mathematicians’ all with good intentions.
Since all of them can’t be right, some simply have to be wrong. I’m been wrong about many
things and most certainly could also be wrong about what I’ve written about entropy. The reader
should know there are several different ideas of the meaning of black hole entropy. For starters
see: scholarpedia.org/article/Bekenstein-Hawking_entropy
Luckily after much frustration I stumbled upon Professor Dr. Frank L. Lambert’s internet essay
entitled: “Entropy Is Simple — If We Avoid The Briar Patches!” This post (August 2013) cites
him as Professor Emeritus (Chemistry) @ Occidental College, Los Angeles, CA. He has been
noted for ditching the entropy is disorder definition of entropy and claiming it is really based on
energy dispersal and/or spreading.
I am uncertain whether Lambert is still alive as a source cites he was born in 1918 and I didn’t
find any reference to his demise. It would make him almost 100 years old since the year now is
2017 A.D. It’s not too likely, but not impossible.
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I credit his essay with presenting at least clear rational ideas of the meaning of entropy, written
for general audiences. I used them to spring off of to write this section. If you want to learn more
of what he says about entropy, I suggest you do a search for him on the internet. The web
address to his essay uses the hlm extension and you might not have the right software to
directly surf there: entropy.oxy.edu/content.hlm

Back to the Black Hole Information Paradox
Leonard Susskind added to Gerard d’Hoof’s concept of the holographic principle
by aligning it with superstring theory. It’s today’s most popular theoretical model
of the micro-world but we will we see more about it later.
In any case, d’Hoof and Susskind presented their concept of how information
could at least in theory be preserved on two dimensional black hole event
horizons. This was one part of the problem, but it didn’t explain how information
escapes back into the outer universe. Hawking at this point still claimed
information was destroyed in black holes.
Leonard Susskind came up with a solution that he called the black hole
complementary principle. He proposed there is an additional event horizon
outside black holes. It is a Planck scale or micro-stretched horizon that is hot due
to the outgoing Hawking radiation, but it also re-reradiates it. Generally, that’s his
mechanism that explains how information escapes from black holes. This could
only be seen by an outside observer, often humorously named Bob, who looks at
it from afar. However a close up and in-falling observer, often named Alice,
wouldn’t see anything special at the event horizon. She can’t see the proposed
micro-stretched event horizon, radiation or anything else out of the ordinary and
simply moves through seemingly empty space/time. Susskind insisted that only
one set of these differing observations can be seen at a time. It means that Bob &
Alice are both right but only from their point of view. Hence it was
complementary but relative to an observer’s location. However he needed to
employ two kinds of quantum entanglement and this contradicted another
quantum principle. There will be more about this shortly.
In 2004 Hawking changed his mind and published a short paper, “Black Holes and
the Information Paradox.” He didn’t adopt Susskind’s solution but his explanation
was also complex. Watered down and generalized, Hawking claimed quantum
fluxes around a black hole’s surface or event horizon could allow information to
eventually escape but after much black hole radiation. He conceded the 1997 bet
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to Preskill and gave him a baseball encyclopedia “from which information can be
retrieved at will.” Thorne wasn’t convinced by Hawking’s paper and therefore
didn’t concede. Uncertainties still abound and it doesn’t matter very much what
any one physicist thinks; even though she/he could be right. The issue goes to
proofs and convincing others and no one has yet totally won the day.

EPR & Entanglement
The idea that entangled particles can act simultaneously even when separated by
great distances disturbed Albert Einstein and he framed it as, “spooky action at
distance!” He and Niels Bohr, one of the founders of quantum mechanics,
engaged in periodic debates that began during the 1927’s Solvay Conference for
the top scientists of their day. The two giants of physics engaged in a debate that
spanned over many years. They often met during the then Solvay Conference that
convened every three years. Einstein came up with thought experiments that
attempted to show contradictions in the quantum theory and in these he
specifically challenged Heisenberg’s Uncertainty Principle. Einstein challenged
Bhor to his limits but never succeeded; he always found flaws in his portrayals.
Einstein, if he was anything he was persistent and later came up with his most
famous test case, now called EPR; but more about it shortly.
Einstein acknowledged that quantum mechanics is systematic and produces
predictable results but all of its weirdness might eventually be ironed out after
some hidden variables were discovered. He meant that quantum mechanics is
incomplete and this strange instantaneous interaction or communication among
entangled particles must be flawed. It contradicted his well-established theory of
Special Relativity that established the speed of light in vacuum as the fastest
possible rate of interaction. It’s fast but nowhere near instantaneous. He also
disliked how probability replaces causality in the micro-realm. He famously
quipped that “God doesn’t play dice in the universe!” Bhor argued quantum
mechanics was complete; despite its strangeness. His reply was telling, he said,
“Stop telling God what to do!” He meant nature is what it is and it doesn’t care
about our opinions.
What we now refer to as two entangled particles were then referred to as two
particles in a singlet state. The idea then was and still is, the two differing possible
quantum qualities have to add to zero. So if we are detecting for spin qualities
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(but you could also use electric charge) there are only two possible outcomes
such as up/down. So it goes like this: up spin direction detected on the first or A
particle + down spin direction detected on the second or B particle = 0 spin. In
short form this is: up + down = 0. This mysterious addition to zero was then also
called single net spin; since the two kinds of spin cancel each other and we get a
perfect result, which agrees with the quantum mechanical prediction. The A
particle doesn’t have any spin value before it is measured. Its spin is only
determined at the time of measurement but once it’s detected the B particle’s
spin instantly becomes its opposite.
In 1935 Albert Einstein wrote a paper with Boris Podolsky and Nathan Rosen,
entitled “Can Quantum Mechanical Description of Physical Reality Be Considered
Complete?” It is generally referred to as “EPR” as I introduced earlier. In it they
raised a paradox. They tried to demonstrate the wave function (an amazing
mathematical model in quantum physics developed by Erwin Schrodinger that
goes to understanding quantum processes and their unfoldment over time) does
not provide a complete understanding of physical reality. Hence Bohr’s
interpretation, called the Copenhagen interpretation (CPI), which accepted the
strange results of quantum mechanics, including quantum entanglement, is
unsatisfactory.
One problem addressed by EPR is the wave function, a mathematical equation,
which follows a quantum particle’s process only treats the outcomes of specific
measurements in time. It makes no claims about what is even likely to be true in
the absence of observation. It is like saying objects such as the moon only exist
when you look at them. This tied quantum theory to irrealism and its probabilistic
nature made it indeterministic. Hence Einstein claimed the theory dropped the
ball compared to known science as it didn’t provide a complete picture such as
knowledge of nature when it wasn’t being observed. Another strange issue is that
quantum mechanics doesn’t allow separation between the observer and the
observed. It goes further and says that two entangled particles (photons,
electrons etc.) and the observer are part of a single system. The big question was
whether this kind of crazy non-locality can be confirmed or would Einstein’s
separateness be proven?
The huge issue is the implications of Heisenberg’s Uncertainty Principle that
doesn’t allow us to know the position and momentum of a particle to arbitrary
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accuracy at the same time. If you want to know its position then you lose
understanding of its momentum and vice versa. You can’t know both at the same
time with precision. It’s like saying that precise position only exists when you
detect it and likewise momentum. The same restrictions go to knowing the
energy of a particle and the time of its emission. To the mindset of EPR this shows
the theory is incomplete since these qualities should have independent real, fulltime values.
The arguments then and since go to issues with realism, locality-separability and
causality of things in the micro-realm and differing opinions about the
completeness of the quantum theory. The instantaneous communication
between two entangled particles also violated Special Relativity’s top speed limit.
Bohr was totally accepting and comfortable with whatever nature revealed to us
in experiments. It didn’t matter to him how weird things seemed in the microrealm compared to what we are accustomed to in our everyday world.
In 1964 John Bell came up with a statistical way of testing for the existence of
hidden variables called Bell’s Inequality. An inequality is really a simple concept,
common in mathematics. If I say that 3 = 5 we know it isn’t correct and hence is
an inequality. You can also have statistical inequalities but these too aren’t
specific to only physics. If you sum up outcomes of any statistical study, these can
be compared to a range of expected or ideal results. If the results are outside of
the expected parameters it is also an inequality. It means something skewed the
results away from the ideal outcome; there’s a fly in the ointment. It is again like
saying 3 = 5; it just can’t be; there has to be some explanation for the discrepancy.
Bell ingeniously came up with a way of using a statistical inequality to test EPR
hidden variables.
His paper is entitled, “On the Einstein Podolsky Rosen Paradox.” Bell started with
the same two assumptions as did EPR. These are common in the everyday world
but injected into the quantum realm: (1) reality; that microscopic things have real
properties that determine the outcomes of quantum measurements (2) locality;
that reality in one location isn’t influenced by measurements done simultaneously
at distant locations. These are the concepts which are tested by his inequality. A
violation of this in a statistical study implies that at least one of these two
assumptions must be false and hence there can’t be any hidden variables.
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Here is a simple way of understanding it. Quantum mechanics indicates that some
measured qualities of quantum objects can only be one of two possibilities. These
are the ones we referred to earlier like electric charge (either positive or negative)
or the direction of spin of subatomic particles. Recall the direction of spin of a
subatomic particle can be, let’s say again either in the up or down direction but it
could also be left or right or even angled pairs. If we measure the spin of one
photon of an entangled pair, quantum mechanics says it is randomly determined.
Let’s again say the first measurement came up as spin up. Then a second observer
measures the second photon which is separated by some distance and she/he
must see it is as down. Every time these two measurements are made, even at
very great distances, we see the same pattern; they always show up as opposite
spins. Their spins are somehow mysteriously connected. If you run a lot of tests
and sum up the results and quantum mechanics is correct, the expected results
must always be 50/50 for spin up/down. There isn’t any wiggle room in these
results; short of experimental error.
The hidden variables idea claims the photon has hidden instructions somehow
encoded within it. If this is the case, then the spin measurements on the first
photon is determined by these instructions but it’s the same for the second
photon. It is not random; it’s determined! Let’s do this many times and record
our measurements. Bell’s inequality says that if physics is local and there are
hidden variables then there are probabilistic limits to how similar the two sets of
outcomes can be. If the results are not within the ideal range then we’ve
experimentally confirmed there aren’t any hidden variables.
Several experiments have been done to test Bell’s Inequality over the years. It
began with John Clauser et al in 1978 but notably Alain Aspect et al in 1982 and
several others since. All these experiments pitted hidden variables versus
quantum mechanics. There has been much criticism of the earlier experiments
whose outcomes have always favored quantum mechanics and it continues
today. Some physicist are really good at seeing tiny flaws in experiments and
when they see loop holes the experimenters try and close them with new
experimental designs for the next experiment. It’s a cat and mouse game that has
been ongoing since 1978; but the experimenters are really close to catching the
mouse. Now violations of Bell’s inequalities have nearly definitively demonstrated
that quantum mechanics cannot be explained by any classical picture of physics.
The weight of the evidence shows that quantum mechanics is a probabilistic,
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strange but true portrayal of the micro-realm.

An Entangled Mess: The Second Black Hole Paradox
Virtual particles are short-lived, low energy particles that pop up and blur out
before we can detect them. However if they get enough energy from space/time
they can become long-lived particles. A principle in quantum mechanics is called
“monogamy of entanglement.” It only allows for one kind of entanglement at a
time. It’s like monogamous marriage; you can only marry one person. A problem
with Susskind’s complementarity proposal is it requires any outgoing particle to
be entangled not only with its partner but to all the past particles that were
emitted as Hawking radiation. This is over-the-top polygamy to appeal again to
the marriage analogy. His solution breaks the monogamy principle as it requires
the second kind of entanglement that I call multiple entanglement and that’s a
problem. It’s like being married to one spouse and then marrying a horde of
others. However physicists came to realize that this kind of multiple
entanglement is required to preserve information in black holes but adopting
Susskind’s inclusion of both forms came at a cost. We’ll see how much shortly.
In 2012 Amhed Almheiri, Donald Marolf, Joseph Polchinski and James Sully
(AMPS) published a paper entitled “Black Holes: Complementarity or Firewalls?”
They claimed you cannot have two kinds of entanglement within the same event.
Further if you lose the entanglement let’s say between two observers, one close
to the black hole and in-falling, again for fun called Alice, and the other observing
at a distance, called Bob, the broken bond would release energy at the event
horizon and it creates a firewall. The multiple kind of entanglement between the
Hawking radiation and the area outside the event horizon releases even higher
energies. The strength of the multiple entanglement increases as the black hole
evaporates. When about half the mass has radiated away the black hole becomes
maximally entangled. It’s as if the inner singularity creeps up to and collides with
the event horizon creating a dreadful firewall.
Something seems to be amiss as it was determined that adopting this firewall
solution may require giving up of one of three time-tested theories: General
Relativity’s equivalence principle (the in-falling observer doesn’t see anything
unusual), unitarity (the actions of quantum systems must ensure the sum of
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probabilities always equals one; if not, something is missing), or quantum field
theory (the latest extension to quantum mechanics; to be discussed later).
It simply could be that information is lost in black holes but then unitarity would
be violated but only in the strings of quantum events that included lost
information. It wouldn’t affect the vast majority of other quantum calculations
save the small probability of information vanishing outside of black holes. This
hasn’t been observed but the universe is huge so it would be highly unlikely that
we would even notice; but in principle, it could happen. Besides we’re used to
strange things due to quantum mechanics and scientific life would go on. In any
case missing information and/or the loss of any one of the three other
possibilities isn’t appealing to most physicists; but so what? The real goal should
be to try and find out what nature has already decided and this is what physicists
are at least trying to do.
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Let’s assume that any one of the theories that allow information to escape from
black holes is true. It doesn’t matter whether it’s Hawking’s latest explanation,
Susskind’s or anyone else’s. This would preserve unitarity at least; even if it takes
a very long time for the information that was trapped in a black hole to escape
into outer space via some form of Hawking radiation. Even though the
information about the stuff that fell into it was radiated out of the black hole, it
would be in an incredibly scattered and mixed up form but in principle it is all
there. Then let’s assume that Hawking is right that black holes can eventually
reach a microstate and then finally explode; no more black hole, it’s gone forever.
The question is where is the information about the history of the collective black
hole? Put into other words, how would we know, in theory, there was once a
black hole in a location in space/time? How about the information of the black
hole’s history, its mass, angular momentum or spin and electric charge; where did
it go? This problem could mean that information about the life of the black hole
itself is destroyed even if the information about the stuff that fell into it is
somehow preserved.
A black hole has to start life somehow and somewhere. Once a conglomerate of
mass/energy becomes so massive that it can’t emit light, it creates an event
horizon. Anything that passes through that boundary can’t come back out, at least
in one piece. Accretion disks of swirling highly charged plasma spiral around and
into feeding black holes. Some of it enters into the black hole but in the most
powerful feeders there is also a huge back pressure; beams of high energy jets
blast plasma particles back into outer space. These are what we call quasars and
have active galactic nuclei of very high luminosity. They were common in the early
universe. Energy is released as plasma particles and all across the electromagnetic
spectrum: radio, infrared, visible, ultraviolet, x & gamma rays. When a black hole
is actively accreting mass/energy it grows in mass/volume.
We also know black holes can stop feeding and become dormant. However the
Hawking radiation continues unabated and during this stage it must lose
mass/volume. However it isn’t always, if ever, a long one way slide; there are
times when dormant black holes do resume accreting mass/energy. When they
do, their mass/volume increases again. It’s as if black holes are or can be on a yoyo diet; they can go up and down in weight over time. Let’s assume a once large
black hole after millions of years finally radiated itself out of existence. There isn’t
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anything in the Hawking emissions that could preserve the information of all of its
features over its varying history. I think that Hawking was originally right, black
holes do destroy information. There might even be other mechanisms in black
hole dynamics that also cause information loss of even the stuff that falls into
them. Hopefully the TOE will address this possibility.
The black hole firewall paradox is the latest paradox related to black holes and
ironically it was birthed from the first one. General Relativity doesn’t allow
firewalls. They’re also trouble for, as we’ve seen, some cherished principles of
quantum mechanics, and unitarity or statistical arithmetic that sums up the
factors to equal 1. I think the smart money is on black holes losing information
but all of this means that our understanding of black holes is incomplete. The TOE
should tell us more about the nature of black holes and help us to resolve these
problems.

Dark Mysteries
This is a taxing list for the TOE to attempt to solve; but there is much more. We
now know that something outside of our understanding causes things within
galaxies to gravitate and it helps to hold them
and clusters of galaxies together. The known
mass of baryonic matter is insufficient to keep
galaxies and clusters together. It has been
suggested by some that the power of gravity
might not be constant but increases as we go
outward from the core of galaxies. If this is true,
it would require a modification of the laws of
gravity such as either Isaac Newton's theory of
gravity or Albert Einstein's general theory of
relativity. The first modification of Newton’s
theory is called Modified Newtonian Dynamics
(MOND) and it was originally developed in 1983 by Mordehai Milgrom. In 2004
Jacob Bekenstein developed a relativistic generalization of MOND called TensorVector-Scalar Gravity (TeVes). In low-energy spherically symmetric galaxies either
model can be applied and produce similar results. If one wants to go further and
use modified gravity to model cosmological issues, then only a relativistic model
like TeVes can work.
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The currently dominant idea is there
might be some unknown substance or
particle of matter that gravitates but
doesn't interact electromagnetically
(EM). That is, it doesn't interact with,
emit or reflect light or photons, so it is
completely dark to our EM detectors,
such as telescopes. The only way we
know of this dark mystery is due to
gravitational effects alone. It is called
dark matter and this is assumed to
deliver the missing mass that holds
galaxies and clusters of galaxies
together. The studies so far, favor the
dark mater explanation over
modifications of gravity. The TOE
should explain what is really going on
such as why the outer parts of galaxies
aren’t flying off into outer space.
We thought the volume of our universe was still increasing in size due to the left
over energy of the Big Bang; but the rate should be decreasing over time.
However surprisingly in late 1989 two groups of scientists discovered its rate of
expansion has been accelerating over the last 5 billion years or so, due to what
has been dubbed dark energy. These teams of astrophysicists observed a special
kind of astronomical standard candle of known brightness called type 1A
supernovae in distant galaxies. These acted as rulers of distance since if we know
a source’s brightness we can tell how far it is from us by measuring it. The dimmer
it is, the further away it has to be since light’s speed in vacuum is constant.
Observing several of them at various distances adds up to a cosmological history
that reveals the rate of the universe’s expansion. Dark energy is even more
mysterious than dark matter and the TOE will have to shed light on it. We are
clearly in the need of new physics to explain what these dark mysteries really are.
We are very much in the dark about 95% of the content of mass/energy within
space/time.
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We know that space/time is not a dead or idle place but is churning with energies.
Some of these are due to virtual particles constantly popping in and out due to
quantum fluctuations that we previously discussed. Again we cannot directly
detect them but they have to be there and the process has to add energy to the
bank of space/time. The problem is
when we model the amount of energy
that should be there, due to
assumptions about how many differing
particles really exist, all the
mathematical answers skyrocket! The
theoretical prediction goes to at least
1060 times more than what is detected.
The problem is huge, since this
massive energy creates a negative or
outwards pressure and should have caused such a rapid expansion that not even
a single atom could exist. We shouldn't be even be here; but clearly we are!
This means that some unknown thing is cancelling almost all of this energy; but
we don’t know what it is. Our detections only show a tiny residual of this
space/time energy that is only sufficient to explain the current expansion rate.
This mystery is called the vacuum catastrophe or the cosmological constant
problem and it is one of the greatest mismatches between theory and
observation in the history of physics.
The most recent and additional issue regarding the vacuum catastrophe is why
the vacuum energy density is so comparably close to the overall present mass
density of the universe. There are different ways to determine the vacuum
density. If we use astronomical observations that focus on the curvature of
space/time the value is close to zero. In terms of mass density it’s less than 10-26
kilograms per cubic meter.9
The mass density of the universe is known as “omega” (Ω). It is very small but
estimates vary but it could be close to 1 hydrogen atom per cubic meter. This is
equivalent to about 5 x 10-30 of a gram. Surely these two primary density values
differ but they are both small and this seems suspiciously coincidental. The
expansion of the universe can be viewed as an anti-gravity effect and the mass
9
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density is a gravitational effect. It looks as if anti-gravity and gravity are in
collusion; it’s puzzling indeed.10 The TOE has to put the death nail into all of these
mysteries.
Einstein came up with the concept of the cosmological constant. He developed
and added it to General Relativity in order to try and make his theory conform to
a static or unchanging universe; as that was the dominant but incorrect idea of his
day. Scientists thought the universe was a static thing that didn't in an over sense
expand or contract. Edwin Hubble's observations changed all of that in the 1930's
since his telescopic studies proved the universe was expanding.
Einstein relented and removed his cosmological constant from his theory but it
was reintroduced long after his death when the previously mentioned accelerated
expansion of the universe was discovered. It is possible that his constant is
sufficient to solve the acceleration problem but other models are also on the
boards; so again, we currently don't really know the cause of dark energy, nor
what it even is. It is essential for the TOE to also solve this dark problem.

More Garbage to Put to the Curb
There are many other constants in nature other than the speed of light but all are
only known from our detections. Some of these go to the values of mass, charge
or strength of Standard Model particles and forces. There are over 20 constants
here alone but these are again are only known from measurements. Ideally these
values should be predicted from some core theory alone, like the missing TOE. If
these detections ever align with theoretical predictions it would be amazing. This
would be ideal; but any TOE contender has to address this possibility.
There is also the matter/antimatter in-balance. In many high energy processes we
see equal amounts of both coming out of the interactions. For some unknown
reason during the genesis of our observable universe matter dominated over
antimatter; and we aren't certain as to why? All the baryonic things including
galactic clusters, galaxies, solar systems, planets, moons, asteroids, meteors,
comets etc. are known to consist only of matter. Where is the expected equal
amount of anti-matter? The problem is even deeper, since when matter and anti10
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matter interact it results in the complete annihilation of both resulting in the
radiation of pure energy i.e. high energy photons. Nothing of atomic substance
should be here; only a matter empty but radiation filled universe should exist!
Clearly you and me and other things made of matter are here; so the TOE has to
also sort out this enigma.
What about the Big Bang theory, firstly
suggested in 1927 by the Belgian Catholic priest,
astronomer and professor of physics Georges
Lemaitre? His original theory has been modified
but is currently still the dominant one about the
beginning of the universe. He claimed that since
the universe is expanding it had to have been
smaller in the past. If you extrapolate all the way
back into the past then the universe’s matter
and energy must have been contained in a
primeval atom that exploded and created the
observable universe; space/time and all of the
seeds needed to make its content.
The Big Bang theory accommodates several of the early and current universe's
characteristics such as its current large scale isotropy (similarity in density in all
directions), homogeneity (similarity in content in all directions), early high
temperatures & nucleosynthesis (the early creation of light atomic particles). It
also jives with the universe’s current large scale similarity in its curvature;
space/time is practically or almost perfectly geometrically flat; which means it
isn’t curved. Of course it is in areas near large masses like galaxies; but overall
empty space has similar gravitationally flat qualities.
The Big Bang is also compatible with the cosmic microwave background radiation
(CMB) that we have detected. It is the left over energy that was firstly emitted
when the universe was only some 380,000 years old. Prior to this, photons
couldn't free flow as the universe was too dense and opaque and they kept on
being absorbed and remitted by the plasma particles they encountered. When
the universe had cooled and expanded enough; it released these high energy
photons into emptier areas of space/time. The universe then was roughly about
one half of the surface temperature of our Sun, about 3000 degrees Kelvin. Today
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the CMB has cooled to about 2.725
degrees above absolute zero on the
Kelvin scale. Its temperature is
extremely uniform but contains
some anisotropies or tiny deviations
in temperature. The hot spots in the
CMB are areas where it was most
likely for galaxies to eventually form
and the colder spots equate with cosmic voids or areas with comparatively little
matter.
All of this amounts to quite a lot of success for the Big Bang theory; but in order
to achieve it cosmologists had to add a process of extremely rapid exponential
expansion called inflation into the early Big Bang scenario. Inflation is believed to
have lasted from 10-36 seconds after the singularity to about 10-32 seconds. In this
incredibly tiny interval the universe expanded some 1032 times in volume. The
primeval atom ballooned almost instantly to about the size of a basketball. The
universe continued to expand but at a gradually decreasing rate over time until
dark energy kicked in about 5 billion years ago and started to accelerate the rate
of expansion. The rate of the current acceleration is tiny compared to that
modelled by inflation but some physicists wonder if the two accelerations are
somehow connected. Of course if inflation didn’t happen then the theorists are
comparing a fantasy with the later acceleration that does have detections in the
bank.
Inflationary cosmology is not without problems. There are several different
versions or models of an inflationary Big Bang and this is expected but physics
works ideally when it appeals to one strong theory rather than many. If you have
a lot of theories trying to explain the same phenomena; it means we are still lost
in the woods. Physicists then have to work to eliminate theories usually based on
observational data. Inflation was an ad hoc addition to the hot Big Bang theory as
this proposed early exponential expansion is difficult to explain. We can’t truly
justify it, as we don’t really know what is it, how it occurred and/or what really
drove it. In any case the early theorists like Alan Guth, Andrei Linde and Paul
Steinhardt who grafted inflation into Big Bang models did cure some problems.
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Paul Steinhardt later changed his mind about inflation. He, along with Neil Turok,
developed an alternative genesis model called the Cyclic Model based on
superstring theory, which includes extra spatial dimensions. Their theory also
accounts for the same observations as the Big Bang theory but doesn’t include
the process of inflation. Perhaps it didn’t even happen? The Cyclic Model hasn’t
yet trumped the popularity of the Big Bang theory but alternative theories that
also account for the detections should be welcomed when uncertainties abound.
Another mystery goes to the primeval Big Bang singularity already mentioned. It is
uncertain how anything could have side stepped it, or emerged from it, even
when we appeal to quantum factors. You have to consider that if the singularity
was there, it's infinite energy and that has to be considered insurmountable! We
know the early universe had to have been hot enough to act as a nuclear reactor
to create the light elements in the process called nucleosynthesis. This was when
hydrogen, helium, deuterium and some lithium firstly appeared. Most of the
heavier elements are produced in the core of stars and when they explode as
novae and supernovae. However the early universe may not have been as superhot as implied in the hot Big Bang model; there’s some wiggle room on
temperature and even on the rate of early expansion. The observations have to
be accounted for, including the CMB, but it is totally possible the TOE will clean up
the Big Bang picture and/or lead us to an improved model of the genesis of the
observable universe.
Since we've discussed the beginning of the universe let's look again at its potential
end. Physicists like to model the ultimate fate of our universe. We know the
universe has changed much over time and there have been many surprises along
the road. The question is what is the ultimate fate of the universe? Of course
there could be changes in the strength of things like dark energy over long time
periods but given our current understanding, it will eventually result in the heat
death that we’ve discussed earlier. It goes to where nothing of much interest
could exist. However if the value of dark energy increases over time, it might even
result in a big rip when even atoms are eventually torn apart. If the value of
gravity ever overcomes the force of expansion, it could cause the universe to
contract towards a big crunch. If that happens perhaps there could be a rebound
that causes another phase of expansion. The TOE should also enable us to find a
clearer answer on the fate of the universe.
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Quantum Mysteries & the Infinite Mess
Quantum Mechanics is the mother theory that birthed the Standard Model of
particle physics. It is really a collection of different theories; each is about one of
the three quantum forces and their interactions, and these share many
similarities in mathematical structure. The problem with quantum mechanics is
that it is so strange or counter intuitive. Firstly when the developing theories were
penned they found they were loaded with infinities. This is bad news for scientific
theories as it is impossible to calculate with infinite values. Physicists had to cheat
by using inexplicable mathematical techniques to cleanse out these pests. They
call it renormalization but there isn't any rational to justify using this process
other than it usually works and results in equations that accurately predict
phenomena. It did not succeed in renormalizing gravity and perhaps that is a hint
it isn’t a quantum force like the three Standard model forces. In the end we got
three finite theories that work remarkably well; the numerical answers are
accurate to 10 decimal places in many lower energy ranges at least!
We know that even these theories are not complete as in higher energies they
break down and we also don’t understand why the early theories in the Standard
Model needed to be renormalized in the first place. In other words we don’t know
what caused the initial infinities. Despite all of this, these Standard Model
equations have been used to engineer much of the world’s current technology. It
is arguably the most successful model in the history of science. Literally all of the
world’s electronics depend on the theories of quantum mechanics. Who knows
how much more we could do if the TOE improves our understanding?
Secondly the Standard Model particles can at different times and situations act as
particles or waves. Which one we see depends on the nature of the detectors we
use; this is bizarre to say the least. Thirdly the particles can be in more than one
place at a time and fourthly we cannot know both their momentum and position
at the same time due the Heisenberg Uncertainty Principle. Fifthly probability
took over from macro-level causality. You can forget all about cause and effect in
quantum mechanics as results can only be known based on degrees of
probability. Luckily the outcomes of these theories are still highly accurate since
the numbers of particles are huge and that makes the results predictable,
dependable and repeatable. If they weren't, all the electronics we use in the
modern world couldn't work.
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Sixthly particles can be strangely entangled as we saw earlier. Seventhly particles
can tunnel through barriers like ghostly apparitions that seemingly go through
solid walls. This process occurs in the core of stars like our Sun. If it didn’t, the sun
couldn’t shine and we wouldn’t be here. Eighthly quantum interactions can be
displayed as if space/time doesn’t exist and the results are sensible. This doesn’t
mean space/time doesn’t exist but hints it too is emergent from something
deeper.
Ninthly there is what is known as the hierarchy problem and it relates to what is
called the Higgs field; firstly I’ll explain what the field is. The Higgs field was
predicted to exist to explain the electroweak theory which claims that during the
early universe’s extremely high temperatures the weak nuclear force and the
electromagnetic force were united. As the universe cooled these two forces
underwent a symmetry breaking process and became separated as two forces
with differing strengths and functions. The Higgs field also imparts mass to the
Standard Model particles that interact with the field. In 2013 the Higgs boson was
detected at the Large Hadron Collider at CERN, near Geneva. The Higgs field is no
longer just theory as we’ve have added its associated quantum particle to the list
of Standard Model particles.
The hierarchy problem, generally speaking, goes to how largely the strength of
the weak nuclear force differs from the strength of gravity. The weak force is an
amazingly 1024 times as strong as gravity and is a quantum force. It requires
bosons or particles to deliver the force. They are like delivery trucks that drop off
force loads at appropriate locations. The weak force’s bosons are called the W & Z
bosons and their masses are determined by the Higgs field. Since the W & Z
bosons have been detected to about 100 GeV, the Higg’s field can be estimated to
be about 250 GeV. (Giga or a billion electron volts, it’s a measure of
mass/energy).
The Higgs field according to quantum mechanics should be unstable due to
quantum fluctuations. It should jostle between a zero value and the Planck
energy; the latter is the size of the smallest possible black hole; the highest mass
in the micro-realm. The problem is the Higgs field’s apparent size is about 1016
times smaller than the Planck energy. We don’t know what accounts for the huge
discrepancy. Something must be cancelling out a lot of energy in the Higgs field to
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make its value so much smaller than theory predicts.11 Where is all of the missing
energy? In this way it is similar to the vacuum catastrophe or cosmological
constant problem I introduced earlier. The hierarchy problem requires an
explanation.
All of this strangeness suggests we haven't gotten down to the bedrock and
maybe there are fundamental things that constitute or make up all other things. If
we discover them, maybe they'll make more sense of quantum mechanics? These
kinds of issues are also subject to the clarity of TOE.
I have already touched on the problem of infinities arising in physics and shown
why we have to get rid of them if we want sensible answers. Many physicists
think that when infinities arise in calculations it is nature telling us that we are off
on a wrong foot and are missing something important to our understanding. The
TOE should tell us why they arise and why various fixes worked; such as, why
renormalization cast out the bugs in the early equations of the Standard Model.
Infinity is also the problem that leads us to think space/time must be discrete. It
isn’t infinitely divisible.

Schrodinger’s Mystery
Before I leave quantum mechanics I want to discuss one of its most important
ingredients, the Schrodinger wave equation. The development of the quantum
theories are unlike those in relativity which is primarily the work of one great
mind, Einstein’s. Quantum mechanics was hammered out during the decades
after 1900 A.D. Several brilliant physicists made contributions including: Ludwig
Boltzmann, Max Planck, Albert Einstein, Neils Bhor, Werner Heisenberg, Wolfgang
Pauli, Paul Dirac, Louis de Broglie, Max Born, Arnold Sommerfeld, Richard
Feynman, John Wheeler, Erwin Schrodinger and others.
In 1923 Louis de Broglie, a real life prince, was greatly influenced by Albert
Einstein’s notion there had to be a duality to understand light. Earlier he had
written his Nobel Prize winning paper on the photo electric effect that showed
that light acted like particles we now call photons. The photons knocked electrons
in a metal out of orbit. Its wave-like action had already been established and so
11
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now there were two differing views. De Broglie realized there had to be tight
relationship between photons and waves.
He clarified the duality in his doctoral thesis of 1924 entitled “Researches on the
Quantum Theory.” In it he claimed the wave/particle duality was extended to all
of the sub and atomic world and not simply photons. The propagation of a wave
can be associated with the motion of any sort of particle; electrons, protons etc.
He assigned frequencies to waves that he said accompanied particles. The waves
weren’t just abstractions but real phenomena that acted like pilots to their
associated particles; they’re pilot waves. These had two velocities; one to do with
the speed of wave crests and the other was a group speed in the areas where two
or more waves interacted and were superimposed. It was the group speed that
reflects that of its associated particle. It is similar to how a pulse results when
several waves interact and are superimposed.
His math showed that when the frequency of waves increases the particle’s
momentum decreases. Later he applied electron waves as the orbitals in atoms
and produced results that jived with Bohr’s particle model where electrons make
mysterious quantum leaps from one orbit to another. The wave adjusts its length
enough to fit exactly in an atomic orbit, creating a standing wave that distributed
its charge around the orbit. De Broglie had successful explained the wave/particle
equivalence in the heart of the atom.
During the year from June 1925 to June 1926 three successful formalizations of
quantum theory appeared. Werner Heisenberg’s matrix mechanics used highly
abstract math in tables called matrixes. Erwin Schrodinger fathered wave
mechanics and Paul Dirac developed quantum algebra. Each represented a
complete quantum theory but strangely they were all shown to be equivalent.
These differing approaches represented the then new quantum mechanics. The
old quantum mechanics was based on Bhor’s orbital model of the atom and the
improvements developed by Arnold Sommerfeld who skewed the orbitals so they
became elliptical, among other tweaks.
In 1926 Erwin Schrodinger’s was tired of Bhor’s particle picture of quantum
mechanics with electrons in atomic orbits making strange quantum leaps. At one
instant they are in one orbital shell and the next, seemingly magically they’re in
another. It’s as if they didn’t even travel in the space separating the orbits. He
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wanted to turn the clock of the physics world back to continuous waves. He
wasn’t convinced that quantum particles even existed. He built his wave
mechanics on inspiration from de Broglie’s exposition of the wave/particle
duality. He particularly liked his concept of matter waves and tried to extend it.
After a lot of confusion he stumbled on an equation that could be applied to any
physical system if its starting energy was known. Its solutions were waves that
somehow depict the quantum aspects of systems. It’s an amazing
accomplishment but the problem then and now is that no one seems to know
how to physically interpret the waves. It remains one of the most challenging
problems in quantum mechanics.
The picture looks like this. It was shown that Schrodinger’s equation was able to
produce complete and equivalent descriptions of quantum phenomena that
others had developed from the particle approach. This included agreeing with and
reproducing the values that are derived from three quantum variables used in
understanding atomic orbits and expressed as letters in equations i.e. n = the size
of orbits in whole numbers and the angular momentum of electrons ; k = only
quantum values of elliptically shaped atomic orbits are allowed; m = magnetic
influences on quantum orbits. These influences combine to allow the appearance
of emission spectral lines from heated elements when the light is directed
through prisms. There are really two types of spectral lines: emission lines and
absorption lines. Emission lines are formed by light emitted by a source object
such as a star. These appear as discrete colored lines, often highlighted on a black
background. Absorption lines appear as dark bands often superimposed on a
colored continuum. These result when an emitted light travels and specific wave
lengths are absorbed by a gas along the way or line-of-sight.

Emission lines as seen on a black background.

Absorption lines as seen on a colored continuum.
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The resulting images are like bar codes that are scanned by readers when you
purchase products in stores. These contain information such as product identity
and price. The spectral lines we see via astronomical instruments identify the
elements present in a radiating source such as starlight and any gas clouds the
light travels through along the way to our detectors. These reveal the elemental
composition of sources like stars and super novae and clouds of gas as their light
passes through along the path to our instruments. These spectral lines are
compared to those we have catalogued from numerous experiments in our labs
on earth. They can also be used as distance indicators as the spectral lines
produced from outer space sources are red shifted or displaced to the right
direction compared to similar lines we get in lab experiments. The degree of red
shift is a good indicator of distance. It is truly amazing; imagine that we can simply
analyze a product of light and know of things, even if they are many light years
away. Now, back to the Schrodinger’s wave equation.
Prior to any quantum detection, it is said the system is in superposition and
doesn’t simply have one value but a blend of values such as 1 & 0. Once a
quantum measurement is made it is said that the Schrodinger wave function
collapses and then and only then do we have a clear singular value; for example,
let’s say 1. This is also puzzling and Schrodinger disliked what his own equation
was saying. He even developed a now famous thought experiment called
Schrodinger’s Cat to try and dismiss the concept of superposition.
Schrodinger asks us to imagine a cat is locked in a box with lethal poison and a
random trigger; when it goes off it releases the poison and it kills the cat.
However, outside observers cannot determine whether that cat is alive or dead
until they open the box and look. Until then, the cat is supposedly both alive and
dead if superposition is real. Schrodinger was conveying his dislike and disbelief in
the superposition state. However, it can only happen in the micro-world as such
quantum phenomena blurs out until there’s enough energy to collapse the wave
function. In the much more massive macro-realm these interactions result in
longer lived particles that can actually be detected.
If I had to crown anyone of the many contributors to the development of
quantum mechanics I’d have to give it to Niels Bhor! All of the founders of
quantum theory weren’t as accepting and insightful as Niels Bhor. If it weren’t for
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Bhor the quantum theory might have been squashed in the early years after its
inception. However he persisted in insisting the experiments and their
conclusions simply had to be accepted at face value; despite anyone’s rejection
based on their comfort zone due to other known science. It’s either new science
or defiance of the experimental results. Bohr was amazing; he even accepted
corrections to his own early quantum theory of the atom. Quantum mechanics
simply needed a leader like Niels Bhor who played a central role in developing the
Copenhagen Interpretation (CPI) and it still sits as a respected model of quantum
mechanics, among others.
It hearkens back to 1900 when Max Planck discovered the quanta of light while
solving the ultra violet catastrophe that we discussed earlier. Also to 1905 when
Einstein solved the photo electric effect by appealing to Planck’s quantum.
Ironically Planck, Einstein and Schrodinger all backtracked and tried to turn back
the clock on quantum mechanics which they had helped to create and advance.
No mater, quantum mechanics is still alive and heathy producing predictable
experimental results.
The problem of the reality of Schrodinger’s wave function and its mysterious
collapsing still remain to be interpreted. Max Born claimed the wave is a physical
probability of the associated particle’s presence. He went on to say there were no
exact answers; all we get in atomic theory are probabilities. His last assertion is
right but the issue of the collapsing wave function has not been fully answered.
What is going on? There is clearly more work to be done before anyone can claim
we understand the TOE.

Strings & Loops: Are We Closing in on the TOE?
Today the Standard Model of cosmology is the Lambda Cold Dark Matter model
(ΛCDM). It contains Einstein’s cosmological constant denoted by Lambda or the
Greek letter Λ. It assumes there is a constant amount of dark energy in equal
volumes of space/time. Since the universe’s space is expanding then the amount
of dark energy per volume stays the same; but increases in an overall sense
causing the observed acceleration. It also includes cold dark matter (CDM). If dark
matter were hot or even warm then it would move too quickly to clump and
couldn’t help create stable matter-filled objects, like we see in outer space.
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The model assumes General Relativity is the correct theory of gravity on
cosmological scales. It can even accommodate an alternative idea to the
cosmological constant, called quintessence. It assumes that dark energy is not
constant but is a force in space/time that changes over time and hence causes the
accelerated rate of expansion. However good the Lambda Cold Dark Matter
model (ΛCDM) is or turns out to be, it’s not the TOE. Its range is simply too
narrow.
Although superstring theory is the most popular on-going research that aims to
discover the TOE, it hasn’t been verified. Rather than viewing particles as points in
space/time it uses tiny wiggly strings that vibrate and give rise to the Standard
Model particles. The analogy is that the Standard Model particles and their more
complex arrangements are like the sounds that arise when you pluck a string on a
musical instrument, like a guitar. They are more like disturbances in space/time,
fleeting sound or music-like, than they are solid points or objects. The good thing
in this concept is that vibrating strings aren’t subject to the density problems of
point-like particles and hence avoid the rise of some pesky infinities. Strings are
more spread out in space/time and of course they wiggle smearing out infinite
values. It’s a real breakthrough.
The dominant superstring theory has one time dimension and ten spatial
dimensions; seven of which are so tiny and curled up that we can’t see or detect
them in daily life. Even smoke in a room doesn’t mysteriously disappear into any
tiny hidden spatial dimensions; so, if they exist, they would have to be extremely
tiny. Of course no one has seen or detected any hidden spatial dimensions and
nor can they be clearly seen in equations. They were added into the theory when
mathematical anomalies appeared in their calculations; as these were interpreted
as the need for extra hidden spatial dimensions. Each time physicists had to
renormalize the math they supposed they had discovered another spatial
dimension. A few early models had as many as 26 space/time dimensions; that is
22 extra spatial dimensions. We are not used to thinking about spatial dimensions
that differ so much from the common three; length, width and height. So far, the
Large Hadron Collider (LHC) near Geneva hasn’t seen as much as a stitch of
evidence for them. They might not even exist.
Superstring theory also relies on the existence of hypothetical supersymmetric
partner particles with differing spin values to the known Standard Model
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particles. The known particles are divided into two groups. The boson’s spin have
integer or whole number values such as the photon’s spin is 0 and each of their
supersymmetric partners have a spin that differs more by a half-integer. The
fermions naturally have half integer spin and this gives them fractional spin
values. The electron, for example, has a ½ spin value. Each of their hypothetical
partner’s spin also differs by adding a half integer. This would approximately
double the number of particles but so far, despite much hope and expectation,
none have appeared in LHC experiments. To make matters worse the particles
didn’t show up in their theoretically expected energy levels. The problem is that if
the supersymmetric particles do not exist then superstring theory can’t be right.
They would have to start from scratch or try to tweak or adjust the theory. The
issue is, all of the theory’s current elements are needed to keep its consistency. It
looks as if there might be a theoretician’s nightmare on the horizon. We can only
wait and see.
Superstring theory also suffers from an overload of possible theories. It comes in
an estimated 10500 versions and that is not good. Instead of having one theory of
everything; it is more like a host of theories of anything. We need one strong
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theory and physicists have dubbed it the “M theory”; but no one has written it.
Another problem with Superstring theory is that it is modelled on a fixed
space/time like Newton had assumed; it is termed “background dependent.” It is
not the dynamic curve-able space/time shown to us by General Relativity and
proven by our detections. This means the theory as it is stands has to be wrong or
at least can’t be totally right. The physicists know this; but such research is often
done in hypothetical and incorrect contexts when it allows for easier modeling.
The hope is they’ll learn essential things and later translate them into realistic
models when they learn the mathematical techniques. Currently it looks as if
some of the wind has been taken out of the sails of Superstring theory. The hope
is that maybe something will show up in future LHC experiments as they amp up
the power; but so far it has been disappointing, at least to string theorists.
Perhaps the second mostly researched deep physics project is Loop Quantum
Gravity. It partially competes with Superstring theory but Loop physicists are
content in searching only for the theory of quantum gravity; but success here
would still be a remarkable achievement. They could always keep going after
making the significant first step as quantum gravity is an essential part of the TOE.
Loop quantum gravity, like superstring theory, models space-time as discrete or
made up of interconnecting parts just as matter and forces of nature are viewed.
However it uses the correct geometry of space/time as given to us by Einstein; a
flexing container of mass and energy that is termed background independent.
The problem of quantum gravity has been on the books since the 1930’s. A
Russian physicist named Marvei Bronstejn realized that general relativity and
quantum mechanics when taken together are incompatible when modeled using
an infinitely divisible or continuous concept of space/time. He realized that at the
smallest scale space/time had to be quantized; it’s made of parts just like matter
and the forces. He was a pure Leninist and had written critical articles about the
direction of the Stalin regime. It wasn’t the kind of ideal communism Lenin had
prescribed. Stalin’s police arrested him, he was given one of their mock trials and
was executed on the same day; February 18, 1938. Unfortunately the world lost a
brilliant theoretical physicist. He was only 30 years old.12
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John Archibald Wheeler the imaginative and famed American physicist who gave
us the name “black holes” also worked on the problem of quantized space/time.
He envisioned it on the smallest or Planck scale as a bubbling churning foam of
probabilities. It was his collaboration with Bryce DeWitt that produced a
memorable formula now called the Wheeler DeWitt equation. It is a wave
function of space that determines the probability of curved spaces. However it,
like the Schrodinger Equation, is difficult to interpret and also when used to
calculate, it produced infinities. Strangely it dismissed the time variable so it’s
difficult to understand how it can compute the evolution of space without time.
Nevertheless it was considered a step forward in understanding quantum gravity;
even if it needed to be tweaked.
In the 1980’s Abhay Ashtekar succeeded in simplifying the Wheeler DeWitt
equation. Lee Smolin and Ted Jacobson used it and firstly found solutions to the
equation that depended on closed lines or loops in space. These were determined
to be interlocked like two or more key rings; just think of the chain mail that
knights once wore and you’ll have a pretty good picture of their model. Jorge
Pullin and Jurek Lewandowski determined the places where the loops connected
called nodes created space’s volume and the lines that extended from the nodes
called links, appropriately connected the volumes. This created an early first
picture but it took years before they succeeded in transforming the Wheeler
DeWitt equation to a form they could compute with. The result was a robust
spectra of volume and area forming space; hence loop quantum gravity was born.
13
The Russian Marvei Bronstejn would have been pleased.
I cannot tell the entire story of loop quantum gravity, give credit to all its many
contributors in just a few short paragraphs. Let it be said, they went on to show
how each loop is a quantum of gravity. These form space itself which is a network
they call a spin network. Their mathematical model derives only from general
relativity and quantum mechanics but the surprise is that space as a container
disappears and only emerges due to the interactions of things that dwell one over
the other. Also, in line with the Wheeler DeWitt equation, time as an inert flow
disappears. Time is merely a count of the interactions of the quanta of gravity.14
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However this doesn’t mean everything is stationary as changes are ongoing
everywhere. It is just that that we have to discard the notion of instants. Yes the
Loopers as they are called, are serious and continue in the hunt.
The question is whether their Twilight Zone-like model can be verified as a theory
of quantum gravity. When we enter into the micro-realm of quantum mechanics,
we are talking about things that are billions of times smaller than even an atomic
nucleus. Things on this scale may never be directly detected and so rather than
wait for the arrival of some futuristic hard-to-even-imagine technology, we have
to do what’s possible today.
The Loopers currently can only use methods that are either theoretical or indirect
since their theory models loops so tiny and deep in space that direct detections
aren’t currently possible. Even so, there’s still hope for verification points. One
thing they are looking at is a black hole called a Planck star. Loop quantum gravity
doesn’t allow infinities since matter, forces and space/time are all discrete. When
a star collapses into a black hole, matter or mass/energy cannot collapse into a
singularity or point of infinite density and zero volume. For one thing infinitesimal
points don’t exist, only loops of space. They also rely on quantum mechanics to
create a counterbalancing force that prevents the crushing singularity. However
this balancing act creates an instability and once pushed to a maximum density it
rebounds; the black hole explodes! Loopers would be delighted if a black hole
explosion were detected. It would hint that all black holes are singularity-less
Plank stars and that would be a feather in the Loopers’ cap.15 Unfortunately even
if this were discovered other models also make the same claim. They’d have a
story to publish but it wouldn’t be an exclusive one.; but the Loopers would be
smiling just the same.
The superstring theorists do have somethings they think should be detectable
using today’s technology. As we’ve seen, if evidence of supersymmetric particles
and extra spatial dimensions shows up in the LHC or perhaps in some future
particle accelerator, then it would put superstring theory into a higher gear. There
would still be a list of problems to clean up before we could christen it the TOE. If
this evidence emerges the Loopers claim their model could accommodate
supersymmetry and extra spatial dimensions. There have been some references
to the possibility that the best of superstring theory could be combined with the
15
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best of loop quantum gravity. Physicist and one of the founders of loop quantum
gravity, Lee Smolin has written that both theories could be part of an unwritten
single fundamental theory. Smolin is a rare physicist who has worked in both
camps. He claims the hardest problem faced by both groups seems to have been
solved by the other. Loop quantum gravity is background independent and this is
lacked in superstring theory. Superstring’s strings could be formulated so
gravitons, the supposed bosons or carriers of gravity, appear as their excitations.
This could produce a convincing picture of classical space/time that we live in.16 I
am uncertain whether any group is proceeding on this project but it might be an
interesting prospect.
Of course the main challenge of any potential TOE has to go to explanatory
power, even if we don’t have a lot in the way of direct detections. In this paper,
I’ve highlighted about two dozen or so unsolved mysteries as necessary
homework projects for any such theory to help solve. The number of problems I
presented depends on whether you lump some together or split them into
separate issues. There could well be other important mysteries than I didn’t even
address. If someone can come up with a theory that convincingly solves most of
the problems, then the physics community would have to take notice. Who knows
where such a theory might arise? There are a lot of incredibly brilliant physicists
working on the TOE but it often written that we need another Einstein; but where
is she or he hiding? I don’t think Einstein was that much more intelligent than
others in his time but he was extremely imaginative and intuitive. That, coupled
with his intelligence, curiosity, dogged determinism, scientific education and
some old fashioned, non-scientific luck, I think, mostly accounts for his many
breakthroughs. Einstein number two, please show up! There’s a lot of work to be
done.
Some good work has been done and there are other approaches on-going that I
haven’t mentioned such as Roger Penrose’s twister theory and Alain Connes’ noncommutative geometry.17 However perhaps the best that can currently be said is
there is a faint mirage of a TOE on the distant horizon but the ship is still far from
port. Push onwards we will, push onwards we do.
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The Reign of Fields over Particles
After all this talk about particles of the Standard Model it's time to speak of the
latest chapter that has been added to the story. This is about quantum field
theory, briefly referred to earlier. We now understand that the fundamental
entity of the universe as understood to date, aren't really quantum particles. It is
really quantum fields and fields aren't particles; they are spread out waves of
interactions within space/time. There are quantum fields related to each of the 17
Standard Model particles. The particles are still telling and successfully predictive
but this is due to them being representative of characteristics, activity and
interactions of their associated fields.
The 19th century
experimenter and
theorist Michael Faraday
was the one who firstly
described a quantum
field and it was the
magnetic field. One thing
he did was sprinkle iron
filings on paper and place
a magnet under it. The
filings, as most grade
school students now also
know, trace out some of
the symmetric magnetic field lines. Even though quantum fields are invisible to
the naked eye, they exist. Quantum particles emerge from quantum fields that
are stressed or that we aim energy at. They are like knots that emerge along the
field lines and as we model and experiment with them they reveal the activity of
the primary fields.
In 1926 The British physicist, Paul Dirac developed the first formulation of a
quantum field theory. His theory was the third complete theory of quantum
mechanics after Heinsenberg’s matrix theory and Schrodinger’s wave mechanics.
Schrodinger had shown that his theory and Heinsenberg’s were mathematically
equivalent. Dirac showed all three theories were equivalent. Dirac’s theory was
able to derive both the wave and particle properties of light. He succeeded in
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combining special relativity with quantum theory and
discovered a new wave equation for the electron,
known as the Dirac Equation. It implied the electron
had spin which agreed with experimental results. Spin
was also applied to the other Standard Model particles.
The Dirac equation also predicted the existence of a
positively charged electron that we now call the
positron. This was the first indication that anti-matter
existed. It has the same mass and spin as matter but it
carries an opposite electric charge. In 1933 Dirac along
with Schrodinger were awarded the Nobel Prize for
advancing quantum theory. Dirac was somewhat shy and reclusive; he practically
always worked alone; but became a famed name in the world of physics. It didn’t
change him very much but he is probably the best known British physicist second
only to Isaac Newton. Now back to quantum field theory.
Why then, do we speak of subatomic particles, atoms and molecules? It's because
they temporarily emerge from their fields and reveal things of them that we
couldn't know if they didn't flash by our detectors. It's confusing but the reality is,
these objects do not really have a long term existence; but their fields do. This of
course overturned our initial conclusions derived from quantum mechanics that
nature is discrete and made of quantum particles. No ... again ... it’s made of
quantum fields and they propagate in the primary field of space/time. I think
Schrodinger would be all smiles today.
Thinking about this led me to a unique insight. Werner Heisenberg the 20th
century physicist was one of the key figures who played a role in developing
quantum mechanics. He developed the previously mentioned uncertainty
principle and much more. I’m introducing "the atomic temporal principle" and it
says subatomic particles, atoms and molecules only appear when we or nature
stress quantum fields. Otherwise they don't have a full time existence. They pop
up long enough for detection and/or interaction but when we remove the
detecting energy they subside back into their quantum fields.
You might ask me about particle accelerators like the Large Hadron Collider (LHC)
near Geneva where the Higgs boson was recently detected. How can you collide
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protons in these machines if they don't really have a long term existence? The
colliders use powerful magnetic fields and these power the particles' very
existence as well as their acceleration and direction of travel. If you turn off the
power the protons disappear back into their field. It's as if the knots in the field
lines become undone when you turn off the switch.
What happens when you turn on any light bulb, your computer screen or
television? You’ll see the light emitted by the device. This is because the powered
device has made the electromagnetic field visible to the human eye; but we don't
seen singular photons. You can also feel the forces between two magnets if you
bring them closely together. In this case your hands/skin can feel the effect of the
field and it's similar to when we feel heat. The fields are there and yes we can
detect them and do so daily.
It is still totally possible that the quantum fields and that of space/time are made
up of some lower level or bedrock entities that constitute them. If so, the
granularity or discreteness of the universe might reappear; only in a tiny realm
that could even be sub-quantum in nature. Perhaps the TOE will speak to this
hidden realm. Time will tell, if we work at it; and work at it, I do. Yes, I am
developing a version of the TOE and plan to publish it sometime soon. You’ll be
able to get a free copy at my website.
Since you’ve made it through my paper, I hope that your understanding and
appreciation of physics and the search for the TOE has increased. If so, my goal
has been met and that encourages me to keep on, keeping on! We are all alive in
this amazing world together; and one great thing we can do is to help others to
realize the wonders all around us. All that Is (ATI) is awesome!
If you liked this essay, several others are freely available @
http://antspub.com
Donations are appreciated and can be made at the above
web address. I hope you enjoy visiting my website!
You can freely send unedited PDF copies of this essay to
others. The conditions of copyright are stated on the cover
page. Good Luck!
Jarmo “Ken” Koskinen 06/15/2017
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