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(01)- Thank you to Brilliant for supporting PBS. Physics progresses by breaking our
intuitions, but we are now at a point where further progress may require us to do away with
the most intuitive and seemingly fundamental concepts of all—space and time themselves.
Physics came into its modern form as a description of how objects move through space and
time. They are the stage on which physics plays out. But that stage begins to fall apart on the
tiniest scales and the largest energies, and physics falls apart with it. Many believe that the
only way to make physics whole again is to break what may be our most powerful intuition
yet. In our minds, space and time seem pretty fundamental, but that primacy may not extend
beyond our minds. In many of the new theories that are pushing the edge of physics,
spacetime at its elementary level is not what we think it is. We’re going to explore the
“realness” of space and time over a few upcoming episodes. We’ll ask: Do our minds hold a
faithful representation of something real out there, and if not, why do we think about space
and time the way we do? And if space and time aren’t fundamental, what is? What do space
and time emerge from? But today we’re taking the first step by exploring how the notion of
absolute space and time in physics came about in the first place, and how that notion is
beginning to fall apart. We have this sense of space as an extended emptiness - a volume
waiting to be filled with matter - a regular, continuous, mappable ... space, in which
everything that exists is embedded. Meanwhile time is the continuous rolling of future into
past through the present, all governed by the same unstoppable clock. But this idea of space
and time as having an existence “out there”, independent of its contents, became cemented in
popular intuition relatively recently, at the same time that they became cemented in physics.
However humans have been arguing over the reality or the fundamentalness of the dimensions
for millenia. We can summarise the two main conceptions of spacetime as either relational—
space as a network of positional relationships of objects —or absolute—a real entity that
2:40
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exists independently of objects, and rather, contains the objects. The latter seems to have
emerged only relatively recently. Let’s start with the ancients. They certainly thought a lot
about space—after all, they had maps and they invented geometry. But the geometries of
Euclid and Pythagorus and others didn’t need the notion of space as an absolute entity—they
were relational. For example, a triangle is defined by the relative lengths of its sides and its

(01)- Thank you to Brilliant for supporting PBS. Physics progresses by breaking our
intuitions, but we are now at a point where further progress may require us to do away with
the most intuitive and seemingly fundamental concepts of all—space and time themselves.
Physics came into its modern form as a description of how objects move through space and
time. They are the stage on which physics plays out. But that stage begins to fall apart on the
tiniest scales and the largest energies, and physics falls apart with it. Many believe that the
only way to make physics whole again is to break what may be our most powerful intuition
yet. In our minds, space and time seem pretty fundamental, but that primacy may not extend
beyond our minds. In many of the new theories that are pushing the edge of physics,
spacetime at its elementary level is not what we think it is. We’re going to explore the
“realness” of space and time over a few upcoming episodes. We’ll ask: Do our minds hold a
faithful representation of something real out there, and if not, why do we think about space
and time the way we do? And if space and time aren’t fundamental, what is?

What makes space and time? But today we take the first step by examining how the concept
of absolute space and time in physics came about in the first place, and how this concept
begins to break down. We have this sense of space as an extended void — a volume waiting to
be filled with matter — a regular, continuous, mappable...space in which everything that exists
is embedded. Meanwhile, time is the continuous scrolling of the future into the past through
the present, Not even Matt O'Dowd has yet understood that ['time does not run for us, but We|
, we run “through time", i.e. we move (and not only us, everything material) along
time dimensions and thus "produce” flow - the passage of time. Space-time is only a stoic
artifact of being, itisayarn, itis a grid, it is a 3+3D network. And also the flow of the
passage of time is "produced™ by "unpacking = straightening™ the curvature of the "crumpled"
3+3D space-time. In the macro world we have localities with different curvature of
dimensions and therefore the flow of time is different at different potential levels from
material bodies (even a galaxy can be considered a "body" with a higher curvature of
dimensions than the "surrounding environment"... all controlled by the same unstoppable
clock . Clocks=clocks=ticking mechanizmos are stoppable, but time = the flow of /material
point/ is not stoppable. But this idea of space and time as an existence "out there",
independent of its content, has become established in popular intuition relatively recently, at
the same time that it was established in physics. However, for millennia people have argued
about the reality or fundamentality of space-time. of objects - or as an absolute - as a real
entity that exists independently of objects and rather contains objects. The latter appears to
have appeared relatively recently. They certainly thought a lot about the universe - after all,
they had maps. But the geometries of Euclid and Pythagoras and others did not need the
concept of space as an absolute entity - they were relational. For example, a triangle is defined
by the relative lengths of its sides and its




(02)- internal angles. You don’t need a coordinate grid to define a triangle—which is good,
because the ancient Greeks didn’t have one. Sure, their maps had longitude and latitude, but
they didn’t have our own mathematical habit of gridding up empty space with x, y, and z
axes. As such, they didn’t tend to think of empty space as having its own independent
existence. The idea of the coordinate grid came much, much later. Perhaps you’ve heard of
the Cartesian coordinate system. X, y, and zZ axes, each at 90 degrees to the others and gridded
up so that any point in space can be defined with three numbers - the value of the closest grid-
mark on each of
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(02)- interior angles. You don't need a coordinate grid to define a triangle - which is good
because the ancient Greeks didn't have one. Sure, their maps had longitude and latitude, but
they didn't have our own mathematical habit of gridding empty space with X, y, and z axes. As
such, they didn't tend to think of empty space as having its own independent existence. The
coordinate grid idea came much, much later. And the idea that even time has more dimensions
has not yet occurred to anyone (except me and a few physicists, rejected and overlooked). In
addition, | added the *structure of matter* from 3+3 dimensions of space-time.
http://www.hypothesis-of-universe.com/index.php?nav=e the construction of elementary
particles only by "packing" three plus three dimensions of two quantities, so that "two signs"
are enough for all my elementary particles and complex matter —> "x", and "t".
http://www.hypothesis-of-universe.com/docs/eb/eb_002.pdf You may have heard of the
Cartesian coordinate system. x, y, and z axes, each at 90 degrees to the others, and gridded so
that each point in space can be defined by three numbers—the value of the nearest grid mark
on each of 3:52 am3:52
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(03)- the axes. This idea feels pretty intuitive to many of us, but it wasn’t commonly used
until after 1637, when the French mathematician and philosopher Rene Descartes made it
cool. With the coordinate system, it became possible to represent abstract numerical concepts


http://www.hypothesis-of-universe.com/docs/eb/eb_002.pdf

in spatial terms—for example, by graphing an algebraic function. But it also gave us a tool for
describing arbitrarily large and imaginary physical spaces—and this application would soon
revolutionise all of physics. Regarding the actual nature of space, Descartes was firmly in the
camp of philosophers like Plato, who didn’t believe in empty space. Descartes said that space
is only real as far as it defines the extension of objects and matter. But the invention of the
first true mathematical coordinate system opened the door for a very, very different
conception of space. And that new conception was almost entirely due to Isaac Newton. He
gave us a set of equations that could, apparently, completely describe the motion of objects
and how those motions change through the forces of their interactions.

(03)- osy. Tato myslenka se mnohym z nas zda docela intuitivni, ale bézné se pouzivala az po
roce 1637, kdy ji francouzsky matematik a filozof René Descartes ucinil cool. Diky
soufadnicovému systému bylo mozné reprezentovat abstraktni numerické pojmy v
prostorovych terminech — napiiklad pomoci grafu algebraické funkce. Ale také nam poskytl
nastroj pro popis libovolné velkych a imaginarnich fyzickych prostort — a tato aplikace by
brzy zptisobila revoluci v celé fyzice. Pokud jde o skute¢nou povahu prostoru, Descartes byl
pevné v tabofte filozofl jako Platon, ktetfi nevétili v prazdny prostor. Descartes fekl, Ze prostor
je skute¢ny pouze tehdy, pokud definuje rozsiteni objektti a hmoty. Ale vynalez prvniho
skute¢ného matematického soutadnicového systému oteviel dvefe velmi, velmi odliSnému
pojeti prostoru. A toto nové pojeti bylo témét vyhradné zasluhou Isaaca Newtona. Dal nam
sadu rovnic, které by zjevné mohly zcela popsat pohyb objektl a to, jak se tyto pohyby méni
prostfednictvim sil jejich interakci.

4 —
Newtonian mechanics is built on Descartes’
coordinates, and assume a universal clock.
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(04)- Newtonian mechanics is built on Descartes’ coordinates, and assume a universal clock.
Those mehcanics proved wildly successful— revolutionary, really. So much so that many,
including Newton, began to see the foundational building blocks of the mechanics—the
coordinate of space and time—as in some way physically real. Newton himself insisted that



space is absolute; it exists completely independently of any objects within it. The empty
volume implied by the Cartesian grid is a thing in itself. And according to Newton time is also
absolute. From Aristotle to Descartes, “time” was mostly understood as a counting of events.
But In Newton’s view, there’s a single universal clock that keeps the same time for all
observers--time passes “by itself ”, even in the absence of any change. Newton also believed
that there was an absolute notion of stillness. Like, a master frame of reference whose X, vy,
and z axes are unmoving, and if your position was fixed relative to those axes then you were
truly still. This is contrary to the ideas of Galileo a century prior, who showed us that velocity
is relative—the speed you measure for another traveller depends on your own speed. The laws
of physics are the same in any non-accelerating, or inertial frame, and so all such frames are
equal. While Newton accepted the mathematical consequences of Galilean relativity, he
thought the difficulty we had in defining a preferred inertial frame was a limitation of the
human mind, not of the universe. The success of Newtonian mechanics elevated the notion of
the realness of space and time in everyone’s minds. But there was one prominent naysayer.
Newton had a nemesis. Or maybe it was Newton who was the nemesis to this guy. Ok, he
shared a mutually nemetical relationship with the German mathematician Gottfried Wilhelm
Leibniz. Their most famous rivalry was over the discovery of calculus, which they figured
out independently—with Leibniz probably getting to it first. Newton however accused him of
plagiarism, and being by far the most powerful scientist of his day, secured the credit for
himself. But another point of contention between these two was on the nature of space and
time. Leibniz did not accept Newton’s assertion that these dimensions were in some sense real
and independent of anything in them. Instead, he thought that both space and time were
relational. What does that even mean? Well, it means that objects exist, but they don’t live in
a 3- or any other dimensional space. Rather, what we think of spatial separation is a quality of
the objects themselves—or rather of the connection between them. Exactly why Leibnitz
thought this and rejected Newton is a whole thing, that we don’t have time to get into right
now. Instead, let me try to give you a sense of what it could mean for space to be encoded in
objects or in their relationships, rather than existing independently to those objects. Let’s start
by imagining only one dimension of space, represented as a line. This is a Newtonian space,
where every point represents an absolute position in a 1-D universe. We can put some
particles in the universe. The position of each in space is defined by - well, its position in
space—whatever grid mark it’s next to if we add a coordinate system. The particles might
have intrinsic or internal properties—say, mass, electric charge, etc., but their position isn’t a
quantity that’s intrinsic to the particle. In Leibniz’s view there is no space, so we get rid of the
line. The particles still exist, but they aren’t anywhere. They’re sort of just bundles of
properties with no size or location. Space doesn’t exist so maybe we should place these
particles on top of each other, but then again if location is meaningless we might as well
separate them so we can see them. Let’s add a new property to each particle that we’ll call X.
X is what we call a degree of freedom—something about the particle that can take on
different values, and it can change. Other degrees of freedom could be energy and phase and
spin and so on. X behaves in a particular way. For example, it can change freely. If it’s
changing, then it keeps changing at the same rate and in the same direction. Now these
particles have no idea about each other's existence, except in a special circumstance. For
example, If two particles have values of X that are close to each other then those X values
influence each other, changing the rate at which the dials turn. Maybe they want to try to be
more similar, or maybe they try to be more different. If we were to represent these X values



with position on a number line - an x-axis - then the behaviour of the particles looks just like
particles moving around in space and attracting or repelling each other only when they’re

(04)- Newtonian mechanics is built on Descartes' coordinates and assumes a universal clock.
These mechanicals have proven to be very successful — truly revolutionary. So much so that
many, including Newton, came to see the basic building blocks of mechanics—coordinate
space and time—as somehow physically real. Newton himself insisted that space is absolute;
it exists completely independently of any objects in it. And this is how | say in my words, that
3+3D space-time is stoic, infinite, flat as a yarn, a net, a grid, flat in which "float" (after the
big-bang chaotically "infinitely warped" dimensions, or cocoons wrapped in localities, coiled
(not in strings, out of thin air), packages of matter, elements of matter... which then combine
into conglomerates of very complex matter, from chemistry to biology to DNA. The empty
volume implied by the Cartesian grid is a thing By itself. And according to Newton, time is
also absolute. But the one that begins to unfold or the one along which the element of matter
or even the "cursor" begins to move is already "running as the flow of time". ... From
Aristotle to Descartes, "time" was mostly understood as counting events. O.K. But according
to Newton, there are only universal that keep the same time the same rate of passage of
time is set to a "prescribed" ticking rate for all observers - time flows "on its own", yes, but
Newton did not yet recognize that there could be other rates of time flow and that in the
colossal universe there is an unfolding of the dimensions of space-time, which leads "in this
locality” (solar system) to a certain rate that does not change in the long term. The devil
knows what the pace of time was after the birth of the solar system.?

a to 1 bez jakékoli zmény. Newton také véfil, Ze existuje absolutni pojem klidu. Jako hlavni
referencni soustava, jejiZ osy X, y a z se nepohybuji, a pokud byla vase poloha vzhledem k
témto osam pevna, pak jste byli skute¢né nehybni. To je v rozporu s myslenkami Galilea pted
stoletim, ktery ndm ukazal, Ze rychlost je relativni — rychlost, kterou naméfite jinému
cestujicimu, zavisi na vasi vlastni rychlosti. Fyzikalni zdkony jsou stejné v jakémkoli
nezrychlujicim se nebo inercialnim ramci, a proto jsou si vsechny takové rdmce rovny.
Zatimco Newton akceptoval matematické disledky Galileovy relativity, myslel si, ze potiZe,
které jsme méli pfi definovani preferované inercialni soustavy, jsou omezenim lidské mysli,
nikoli vesmiru. Uspé&ch newtonovské mechaniky povysil pfedstavu o redlnosti prostoru a ¢asu
v myslich kazdého. Ale byl tu jeden prominentni odpiirce. Newton mél nepfitele. Nebo to
mozna byl Newton, kdo byl nepfitelem toho chlapa. Dobfe, sdilel oboustranné negativni vztah
spocivala v objevu kalkulu, na ktery pfisli nezavisle — pti¢emz Leibniz se k nému
pravdépodobné dostal jako prvni. Newton ho vSak obvinil z plagiatorstvi a tim, Ze je zdaleka
nejmocngjSim védcem své doby, si zajistil uznani. Ale dalsi bod sporu mezi témito dvéma byl
o povaze prostoru a ¢asu. Leibniz nepiijal Newtonovo tvrzeni, Ze tyto dimenze byly v jistém
smyslu skute¢né a nezavislé na ¢emkoli v nich. Misto toho si myslel, Ze prostor i ¢as jsou
vztahové. Co to vibec znamena? Znamena to, ze piedméty existuji, ale neZiji ve 3- nebo
jiném rozmérném prostoru. To, co si myslime o prostorové separaci, je spise kvalita objekti
samotnych — nebo spiSe spojeni mezi nimi. Pfesné to, pro¢ si to Leibnitz myslel a odmitl
Newtona, je celd véc, kterou ted’ nemame Cas rozebirat. Misto toho se vam pokusim nastinit,
co by pro prostor mohlo znamenat, ze je zakddovan v objektech nebo v jejich vztazich, misto
aby existoval nezavisle na téchto objektech. Za¢néme tim, ze si predstavime pouze jeden



rozmér prostoru, zndzornény jako cara. Toto je newtonovsky prostor, kde kazdy bod
ptedstavuje absolutni pozici v 1-D vesmiru.

We can put some particles into space. The position of each one in space is defined - that is, by
its position in space - regardless of the grid mark it is next to if we add a coordinate system.
Particles can have intrinsic or intrinsic properties - say mass, notably that ffor the first time|
| hear some scientist say - as I'm still writing - that weight is a property. (!) electric charge,
etc., but their position is not a quantity intrinsic to the particle. There is no place in Leibniz's
view, so we get rid of the line. The particles still exist, but they are nowhere. They are just
parcels of real estate with no size or location. Space doesn't exist, so maybe we should place
these particles on top of each other, but if the placement doesn't make sense, we can also
separate them to see them. Let's add a new property to each particle, which we'll call X. X is
what we call a degree of freedom freedom - something about the particle that can take on
different values and change. Other degrees of freedom can be energy and phase and spin and
so on. X behaves in a certain way. For example, it can change arbitrarily. If it changes, then it
keeps changing at the same rate and in the same direction. Now these particles have no idea of
mutual existence, except in special circumstances. For example, if two particles have X values
that are close to each other, then those X values interact and change the speed of the dials.
Maybe they want to be more alike, or maybe they're trying to be more different. If we were to
represent these values of X by a position on a number axis—the x-axis—then the behavior of
the particles looks like particles moving through space, attracting or repelling each other only
when they are

(05)- close together. We can’t tell the difference between particles moving in space versus
space-like behaviour emerging from a degree of freedom within the particles. This thought
experiment isn’t explicitly what Leibniz described, nor is it how things should really be to
explain a universe like our own. For one thing, we need 3 spatial dimensions, not one. X, Y,
& Z would all have to be close to each other for particles to interact.

(05)- blizko sebe. Nedokazeme rozeznat rozdil mezi ¢asticemi pohybujicimi se v prostoru a
chovanim podobnym prostoru vychédzejicimu z urcitého stupné volnosti v ¢asticich. Tento
myslenkovy experiment neni vyslovné tim, co popsal Leibniz, ani to neni to, jak by véci mély
skute¢né byt, aby vysvétlily vesmir, jako je ten nas. Pro jednu véc potiebujeme 3 prostorové
rozméry, ne jeden. X, Y a Z by musely byt vSechny blizko sebe, aby Castice interagovaly.
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(06)- Also, Leibnitz thought that position was encoded in the relationship between particles,
not in the objects themselves. He gave his elementary particles names - monads - which
among other things had rudimentary consciousness, and that space emerged from their first-
person perspectives of each other. But we don’t actually need those extra qualities--the idea
of particles with interacting, internal degrees of freedom illustrates how space can emerge
from the relationships between elements that are themselves not in space. So that’s Leibnitz
on space. He disagreed with Newton on time in a similar way, believing it to be a measure of
the change intrinsic to each element, rather than a cosmic clock that kept the universe in sync.
Of course Newton was the undisputed boss of science back then, and so his preference for
absolute space and time won over the physicists, and ultimately found its way into the popular



imagination. But who was really right? Are objects in space and moving through time, or are
space and time somehow in objects and
12:14

(06)- Leibnitz also thought that position is encoded in the relationship between particles, not
in the objects themselves. He gave names to his elementary particles — monads — which,
among other things, had basic consciousness and this space emerged from their first-person
perspective on each other. But we don't really need these extra properties - the idea of
particles with interacting internal degrees of freedom illustrates how space can emerge from
relationships between elements that are not themselves in space. So that's Leibnitz in space. In
a similar way, he disagreed with Newton about time, believing that it was time the rate of
change inherent in each element, rather than a cosmic clock that kept the universe in sync.
Thus neither Newton nor Leibnitz had yet considered, as | did, that the "ticking" of time, the
passing of time, is essentially the "unwrapping" of the curvature of the crooked 3+3
dimensions. It makes me so uneasy... Newton was, of course, the undisputed boss of science
at the time, and so his preferences for absolute space and time won out over physicists and
eventually found their way into the popular imagination. But who was really right? Are
objects in space and move through time, or are space and time somehow in objects , both
(1) and this is my HDV..., mass objects are built = made of 3+3 dimensions np, so they are,
yes , space and time are "in objects, within™ as they are not, when they are built of them
http://www.hypothesis-of-universe.com/index.php?nav=e And at the same time objects =
matter "floats, floats" through curved space-time and maybe even this curved space-time
(that's the 4 fields) still floats in the basic flat 3+3D space-time a
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(07)- their connections? Are the dimensions absolute or relational? The big next
development seemed to support Newton. Over the 19th century, our understanding of the
phenomena of electricity and magnetism converged, revealing the existence of something
called the electromagnetic field. A field is just some property that can take on a numerical
value at all points in space. For example, temperature is a field defined in the air around you.
It’s emergent from the properties of the air particles. But the electromagnetic field doesn’t
need particles. For the first time, it seemed that a field could be a property of space itself. So,


http://www.hypothesis-of-universe.com/index.php?nav=e

surely if space can have properties, then space must objectively exist. And more intrinsic
properties emerged with the development of quantum mechanics—for example, space was
shown to have a sort of energy even in the absence of particles—so-called vacuum energy.
However, if we really want to decide whether space and time are real—to judge between
Leibnitz and Newton—we need the ultimate arbiter. We need the greatest expert of space and
time that ever lived—and that’s Albert Einstein. We’ve talked about Einstein’s special and
general theories of relativity many times before. Let’s just go over what the theory changed
about our notions of the dimensions. With special relativity, the separation of 3-D space and
1-D time ended. They became 4-D spacetime. Einstein showed that our motion through space
and our motion through time are linked. A clock moving relative to you ticks slower from
your perspective. And then with general relativity we see that the presence of mass and
energy stretch and warp both space and time. This causes straight line trajectories that we
expect on a Cartesian grid to become curved, and the apparent change in an object’s path in
the presence of mass is Einstein’s explanation of gravity. Relativity overturned some of
Newton’s notions about absolute space and time: that they are independent entities, that
there’s a universal clock for time, and that there’s some sort of ultimate, rigid coordinate
system for space. But what did these mean for the central question of this episode: what about
the realness of space and time? Actually, spacetime in Einstein’s universe kind of feels even
more substantial than before. It’s like a fabric that can be warped. It can hold energy. It can
even propagate waves—aqravitational waves. Einstein showed that empty space has properties,
so it must be real, right? Well, maybe - but Einstein’s view is really a radical departure from
Newton’s—t0 the extent that Einstein even called himself a Leibnizian. Newton believed in
space as an underlying stage on which the particles and the fields danced. But Einstein
insisted that no such background existed—and that’s because to him, space and the
gravitational field are the same thing. This field is not painted on top of a coordinate system;
rather, the coordinate system is a quality of the field. Absent this field there is nothing. So all
of this landed Einstein somewhere between Leibniz and Newton. He believed that there is an
extended structure “out there” that can hold objects and on which distances and durations can
be defined, but it’s not absolute and fundamental in the way that Newton thought. According
to Einstein, Descartes was right, and so was Plato: there’s no such thing as empty space. To
quote Einstein, "there is no space empty of field" So is Einstein the last word on the matter?
Far from it. We know that general relativity breaks down on very small scales—smaller than
around 10”-35 meters, which is the Planck length. There it comes into hopeless conflict with
guantum mechanics, and it becomes impossible to meaningfully define shorter distances. Just
as it’s meaningless to define durations shorter than the Planck time. This conflict between
Einstein’s theory and quantum mechanics is one of the major challenges and inspirations for
progressing to the next level of physics. And essentially all of the possible paths forward force
us to rethink our understanding of the dimensions—whether multiplying their number as in
string theory, or by having them emerge from elements that, themselves, do not exist within
space—such as in loop quantum gravity, which we’ve discussed, or the cellular automata of
Wolframs physics project, or in the entanglements between elements on a holographic
horizon, or from Arkani-Hamed’s amplituhedron among others.. If any of these latter are true,
then Leibniz may have been onto something; space exists in the relationships between some
sort of elementary... something, not as an absolute and physically real fabric. Leibniz also
had another controversial idea: he thought that space was in our minds. This isn’t the same as
saying that reality is in our minds—it’s not even the same as saying that space doesn’t exist.
Rather, Leibniz felt that whatever it is that’s out there that behaves like space only gains the



(07)- their connection? Are dimensions absolute or relational? Well, here's a question. | am
definitely saddened that scientists do not want to investigate my visions, are silent, or rather
lean against me. Why? Another major development seemed to favor Newton. During the 19th
century, our understanding of the phenomena of electricity and magnetism converged and
revealed the existence of something called an electromagnetic field. IS just some
property, O.K. curvature cp such that it has not yet exceeded the "(s)packing™ of dimensions
into cocoons = packages = a ball of elementary particles (then into conglomerates, chemistry,
biology, DNA), that is ffield]... which can acquire numerical values at all points in space. For
example, temperature is a field defined in the air around you. This results from the properties
of air particles. But the electromagnetic field does not need particles. OK it is a state of
curvature that has not exceeded the limits for packing "dimensions into matter"... For the first
time, it seemed that field might be a property of space itself. So if space can have properties,
then space must objectively exist. And other intrinsic properties appeared with the
development of quantum mechanics - for example, it turned out that the universe has a certain
kind of energy even in the absence of particles - the so-called vacuum energy. Yes, | have
been talking about this for several years too, eg http://www.hypothesis-of-
universe.com/docs/eng/eng_130.pdf ; http://www.hypothesis-of-
universe.com/docs/eng/eng_032.pdf ; and | propose "for the existence of dark energy" that it
may be energy emerging emergently from a boiling vacuum on Planck scales. The boiling
vacuum is matter-forming, every warping of dimensions is matter-forming.
http://www.hypothesis-of-universe.com/docs/eng/eng_078.pdf ; http://www.hypothesis-of-
universe.com/docs/eng/eng_167.pdf ; But if we really want to decide whether space and time
are real—to judge between Leibnitz and Newton—we need a final arbiter. HDV. We need the
greatest expert on space and time who ever lived - and that's Albert Einstein.
http://www.hypothesis-of-universe.com/docs/aa/aa_336.pdf We have talked about Einstein's
special and general theories of relativity many times. Let's just review what this theory has
changed about our ideas about dimensions. With special relativity, the separation of 3-D space
and 1-D time ended. They became 4D spacetime. Unfortunately, it is not enough. Scientists
Overlook My Vision of 3+3D Spacetime... http://www.hypothesis-of-
universe.com/docs/aa/aa_080.pdf ; http://www.hypothesis-of-
universe.com/docs/aa/aa_055.pdf ; Einstein showed that our movement through space and
our movement through time are connected. A clock that moves relative to you ticks more
slowly from your perspective. And then with general relativity we see that the presence of
matter and energy stretches and warps both space and time. This causes the straight
trajectories we expect on a Cartesian grid to curve, and an apparent change in the path of the
object in curved space-time (hence the basic Observer observes, at home in the projectile, that
the rocket (an object in non-uniform motion) rotates..., leading to to explain why there is no
dilation on the rocket, the commander of the rocket does not observe it, only we-the Observer
in the basic frame fit to rest observe it... in the presence of matter is Einstein's explanation of
gravity. Relativity overturned some of Newton's ideas about absolute space and time: that
they are independent entities, that there is a universal clock for time, and that there is some
kind of finite, fixed coordinate system for space.But what did this mean for the central
question of this episode: what about the reality of space and time?In reality, spacetime in
Einstein's universe still seems to be more substantial than before. It's like a substance that can
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be twisted. HDV in pale pink. It can even propagate waves. Einstein showed that empty space
has properties, right? Well, maybe - but Einstein's view is actually a radical departure from
Newton's - to the point that Einstein even called himself a Leibnizian. Newton believed in
space as the fundamental stage on which particles and fields dance.

But Einstein insisted that there was no such background—because for him space and the
gravitational field were the same thing. This field is not drawn on a coordinate system; rather,
the coordinate system is a field quality. Without this field, there is nothing. So all of this
landed Einstein somewhere between Leibniz and Newton. He believed that there was an
extended structure "out there" that could hold objects and on which distances and durations
could be defined, but it was not absolute and fundamental in the way Newton thought.
According to Einstein, Descartes was right and so was Plato: there is no such thing as empty
space. To quote Einstein, "there is no space empty field" So is Einstein the last word on the
matter? Far from it. We know that general relativity breaks down on very small scales -
smaller than about 10"-35 meters, which is the Planck length. O.K. There it runs into a
hopeless conflict with quantum mechanics and it is impossible to meaningfully define shorter
distances. Just as it makes no sense to define a duration shorter than the Planck time. This
conflict between Einstein's theory and quantum mechanics is one of the main challenges and
inspirations for progressing to the next level of physics. And basically all possible ways
forward force us to rethink our understanding of dimensions - either by multiplying their
number as in string theory, or by emerging from elements that do not exist in space by
themselves - such as loop quantum gravity , which we talked about, or the cellular automata
of the Wolframs Physics Project, or in the entanglement between the elements on the
holographic horizon, or from the Arkani-Hamed Amplituhedron, among others. If any of this
is true, then Leibniz may have been on to something; space exists in relations between some
kind of elemental ... something, not as an absolute and physically real substance. Leibniz also
had another controversial idea. And lucky that his surrounding physics community were
intelligent, wise people compared to today, when a lot of mudr-pudras (wannabe physicists,
educated people) are not ashamed to spit and insult laymen to shit, idiots, ***** with well-
thought-out ideas : he thought think that space is in our minds. This is not the same as saying
that reality is in our minds - it is not even the same as saying that space does not exist. Rather,
Leibniz felt that whatever it is out there that behaves like space is just gaining

(08)- subjective feeling of depth, breadth, height, and distance when our brains try to
organise objects that are separated by an altogether more abstract property. Kind of like how
the subjective experience of red only exists when brains interpret a frequency of light. It’s
incredibly difficult to imagine a universe without space or time. The dimensions seem
hardwired into our brains. Perhaps we need to break this preconception to move forward in
physics. If so, we need to explore how and why our brains build our very convincingly spatial
and temporal inner worlds. And we’ll do that in an episode very soon, and perhaps get closer
to figuring out whether we live in an absolute or a relational spacetime. Thank you to Brilliant
for supporting PBS. Brilliant is an online learning platform for STEM with hands-on,
interactive lessons. Brilliant is for curious learners, both young and old, professional and
inexperienced. Brilliant courses teach you how to think (via interactive lessons and problem-
solving activities/exercises.) and solve problems with interactive lessons in STEM.For
example, Artificial neural networks learn by detecting patterns in huge amounts of
information. Like your own brain, artificial neural nets are flexible, data-processing machines



that make predictions and decisions. In fact, the best ones outperform humans at tasks like
chess and cancer diagnoses. In this course, you'll dissect the internal machinery of artificial
neural nets through hands-on experimentation, not hairy mathematics. You'll develop
intuition about the kinds of problems they are suited to solve, and by the end you’ll be ready
to dive into the algorithms, or build one for yourself.To learn more about Brilliant, go to
brilliant.org/spacetime Today we’re looking at your comments from the last two episodes.
There was the one about how Earth really moves through the universe, and then the one
about how the nucleus is held together by meson exchange. Starting with the motion of the
Earth. Matt Thomas asks, when we put together all of our motion through the universe, how
fast are we moving relative to the CMB? And what effect does that motion have on our
experience of time? The answer is that we’re moving at 368km/s relative to the CMB. This
isn’t unusual-—most things in the universe have some relative velocity like this. But you’re
right that there should be a time dilation relative to the CMB. Let’s assume the frame of
reference of the stuff of the Earth has on average been moving at that speed over the history
of the universe. Less time has passed in that reference frame compared to the rest frame of
the CMB—the Big Bang was more recent for our hypothetical moving frame. I figured it
out—the difference is about 10,000 years. Pretty tiny compared to the age of the universe.
Karl Sheffield asks what is in front of our path around the Galaxy? Well, immediately in
front: the interstellar medium. The Sun’s heliosphere—a bubble containing its outward-
flowing solar wind and magnetic field—is plowing its way through very low-density gas and
dust grains. There are also bigger things that we can’t see easily—bits of rock or ice like
oumuamua that were ejected from other star systems. There will be ejected planets, brown
dwarfs, black holes and other stellar remnants. In terms of stuff we can see—well we’re
heading in the direction of the star Vega, but Vega is also orbiting the galaxy and so we’re
not going to collide. That said, we do occasionally get close enough to a star or stellar
remnant to mess with orbits in our system, with the main danger being an increase in inner-
solar system comets. That’s more likely when we’re passing through the disk and especially
in a spiral arm. It’ll be millions of years before that happens again. Moving on to the episode
on the strong nuclear force. Fensox asks whether Hideki Yukawa eventually got the
recognition he deserves for discovery of the strong and weak forces. He did. He got the 1949
Nobel Prize for predicting the existence of the pi meson. And his name is all over the
standard model—the Yukawa interaction governs the strong force part of the standard model
Lagrangian as well the Higgs coupling termSeveral people asked how it is that the exchange
of virtual particles can cause particles to be attracted. After all, in the analogy of particles
throwing balls at each other, it seems that the exchange of momentum should only push them
apart. The short answer is that the balls analogy is a pretty limited one, and even the notion of
virtual particles is something of a metaphor.What’s really happening is that the quantum
fields between and around the particles are disturbed in a way that can be approximated as

(08)- subjektivni pocit hloubky, sitky, vysky a vzdalenosti, kdyZ se nas mozek snazi
uspotadat objekty, které jsou oddéleny zcela abstraktnéjsi vlastnosti. Néco jako, jak
subjektivni zkuSenost s Cervenou existuje pouze tehdy, kdyZ mozek interpretuje frekvenci
svétla. Je neuvéfitelné t€zké si pedstavit vesmir bez prostoru a asu. Zda se, Ze rozmé&ry jsou
pevné zapojené do nasich mozkii. Mozna pottebujeme prolomit tento predsudek, abychom se
posunuli ve fyzice kupiedu. Pokud ano, musime prozkoumat, jak a pro¢ naSe mozky stavi
naSe velmi presvédcCive prostorove a casove vnitini svéty. A to udélame v epizodé velmi brzy



a mozna se priblizime k tomu, abychom zjistili, zda Zijeme v absolutnim nebo vztahovém
Casoprostoru. Dékujeme spole¢nosti Brilliant za podporu PBS. Brilliant je online vyukova
platforma pro STEM s praktickymi interaktivnimi lekcemi. Brilliant je pro zvidavé studenty,
mladé i staré, profesionalni i nezkusSené. Brilantni kurzy vas nauc¢i myslet (prosttednictvim
interaktivnich lekci a aktivit/cviceni k feSeni problémil) a fesit problémy pomoci
interaktivnich lekci STEM. Napiiklad um¢lé neuronové sité se uci detekci vzorcii v
obrovském mnozstvi informaci. Stejné jako vas vlastni mozek jsou umélé neuronové sité
flexibilni stroje na zpracovani dat, které provadéji predpovédi a rozhodnuti. Ve skutecnosti ti
nejlepsi predci lidi v ukolech, jako jsou Sachy a diagnézy rakoviny. V tomto kurzu rozeberete
vnitini masinérii umélych neuronovych siti prostiednictvim praktického experimentovani,
nikoli chlupaté matematiky. Rozvijite intuici o druzich problém, které¢ jsou vhodné k feSenti,
a na konci budete ptipraveni ponofit se do algoritmti nebo si jeden vytvofit pro sebe. Chcete-li
se o Brilliant dozvéd¢t vice, prejdéte na brilant.org/spacetime Dnes se podivame na vase
komentate z poslednich dvou epizod. Byl tam ten o tom, jak se Zem¢ skute¢né pohybuje
vesmirem, a pak ten o tom, jak jadro drzi pohromadé¢ vymeénou mezont. Pocinaje pohybem
Zemé. Matt Thomas se ptd, kdyz ddme dohromady veskery naS pohyb vesmirem, jak rychle se
pohybujeme vzhledem k CMB? A jaky vliv ma tento pohyb na nasi zkuSenost s asem?
Odpovéd je, Ze se pohybujeme rychlosti 368 km/s vzhledem k CMB. To neni neobvyklé —
vétSina véci ve vesmiru ma néjakou relativni rychlost, jako je tato. Ale mate pravdu, Ze by
mélo dojit k ¢asové dilataci vzhledem k CMB. Pfedpokladejme, Ze referen¢ni raimec hmoty
Zemeé se v prib¢chu historie vesmiru pohyboval v priiméru touto rychlosti. V tomto
referenénim ramci uplynulo mén¢ ¢asu ve srovnani se zbyvajicim ramcem CMB — Velky
tiesk byl pro nas hypoteticky pohyblivy ramec novéjsi. Ptisel jsem na to — rozdil je asi 10 000
let. Docela mali¢ké ve srovnani s vékem vesmiru. Karl Sheffield se ptd, co je pfed nasi cestou
kolem Galaxie? No, hned vpiedu: mezihvézdné médium. Sluneéni heliosféra — bublina
obsahujici jeho ven proudici slune¢ni vitr a magnetické pole — si razi cestu skrz zrna plynu a
prachu s velmi nizkou hustotou. Existuji také vétsi veci, které nemtizeme snadno vidét —
kousky skaly nebo ledu jako oumuamua, které byly vyvrzeny z jinych hvézdnych systému.
Budou zde vyvrzené planety, hnédi trpaslici, Cerné diry a dalsi poztstatky hvézd. Pokud jde o
véci, které miZzeme vidét — mifime smérem k hvézdeé Vega, ale Vega také obiha galaxii, takZe
se nesrazime. To znamena, Ze se obc¢as dostaneme dostatecné blizko ke hvézdé nebo
pozustatku hvézdy, abychom si popletli obézné drahy v nasi soustave, pricemz hlavnim
nebezpec€im je nariist komet ve vnitini slune¢ni soustavé. To je pravdépodobnéjsi, kdyz
prochazime diskem a zejména ve spirdlovém rameni. NeZ se to stane znovu, uplynou miliony
let. Pfejdeme k epizodé o silné jaderné sile. Fensox se ptd, zda Hideki Yukawa nakonec ziskal
uznani, které si zaslouzi za objev silnych a slabych sil. Udé€lal to. V roce 1949 dostal
Nobelovu cenu za piedpovéd’ existence pi mezonu. A jeho jméno je po celém standardnim
modelu — interakce Yukawa fidi silnou silovou ¢ast standardniho modelu Lagrangian a také
termin Higgsovy vazby Nékolik lidi se ptalo, jak je mozné, Ze vymeéna virtudlnich ¢astic mize
zpiisobit pfitahovani ¢astic. Ostatné v analogii ¢astic hazejicich po sob¢ koule se zd4, ze
vymeéna hybnosti by je méla pouze od sebe odtlacit. Kratkd odpoved’ je, ze analogie kulicek je
dost omezena a dokonce i pojem virtudlnich ¢astic je néco jako metafora. Ve skutecnosti se
dgje to, Ze kvantova pole mezi ¢asticemi a kolem nich jsou naruSena zptisobem, ktery l1ze
priblizit jako



(09)- the work of many virtual particles. But those virtual particles don’t simply originate at
particle one and travel in a straight line to particle two. They can originate in a wide region
governed by the uncertainty principle, including on the opposite side of particle two. They
can also have any mass, including complex masses. All of this enables the virtual particles to
transfer momentum in a way that pulls the particles together instead of apart. But really, these
particles are a mathematical fiction to describe field behavior. No balls are being thrown.
Feelincrispy points out that I could easily just make something up and %99.9 of you would
have no idea. | don't know if I agree with that, but otherwise | have no comment. sleekweasel
asks how the island of stability works, given that if a nucleus grows too big, its mesons can't
hold it together. To remind everyone —the island of stability is a region of the periodic table
of very large nuclei that is theoretically more stable than the current heavy end of the table
that we've discovered at this point. Actually, I don’t really know the details of this. But
fortunately Gareth Dean jumped in to the comment section to answer, so I’m just going to
read that. He says: Nuclei aren't just blobs of particles, they have 'nuclear shells'. When these
are empty the few particles in them are far apart and cannot exchange mesons. When they are
full, lots of particles are packed close and can bind strongly. 'Islands of stability' are places
where the shells are full, binding is strong and the nucleus is more stable. Regarding my use
of the labradoodle to illustrate the amount of force between adjacent protons in an atomic
nucleus. Many of you expressed interest in using labradoodles as some sort of standard unit
of measurement. This is a little impractical because we’d need to use the mean weight of a
statistically large number of labradoodles. But | personally volunteer to run the NIST
labradoodle standards facility to make sure those very good boys and girls get all their
standard treats and pets. Many of you also pointed out that a universe without labradoodles is
not a universe they’d want to live in. Also agreed. Which brings us to Steve. Steve sees the
elimination of the strong nuclear force and with it the elimination of all chemistry,

biology and life, as a promising way to rid the world of labradoodles. Steve, you’ve identified
yourself as labradoodle-foe, and your name has been passed to a secret elite team at the NIST
labradoodle
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standards facility. They’ll be watching you. In fact all labradoodles will be watching you.

(09)- prace mnoha virtualnich ¢astic. Ale tyto virtualni ¢astice jednoduSe nepochazeji z
Castice jedna a necestuji po pfimce k ¢astici dvé. Mohou vznikat v Siroké oblasti, kterd se fidi
principem neurcitosti, a to i na opacné strané ¢astice dvé. Mohou mit také libovolnou
hmotnost, véetné komplexnich hmotnosti. To v§e umozZiluje virtudlnim ¢asticim prenaset
hybnost zptsobem, ktery ¢astice stahuje k sobé&, nikoli od sebe. Ale ve skutecnosti jsou tyto
¢astice matematickou fikci k popisu chovani pole. Nehdzi se Zadné koule. Feelincrispy
poukazuje na to, ze bych si mohl snadno néco vymyslet a %99,9 z vas by o tom nemélo
tuSeni. Nevim, jestli s tim souhlasim, ale jinak nemam komentaf. sleekweasel se pta, jak
funguje ostrov stability, vzhledem k tomu, Ze pokud se jadro pfili§ zvétsi, jeho mezony ho
nemohou udrzet pohromadé. Abychom v§em ptipomnéli — ostrov stability je oblasti
periodické tabulky velmi velkych jader, kterd je teoreticky stabilngj$i nez soucasny tézky
konec tabulky, ktery jsme v tomto bod¢€ objevili. Popravdé, podrobnosti o tom opravdu
neznam. Ale naStésti Gareth Dean skocil do sekce komentait, aby odpovédél, takze si to
preétu. Rika: Jadra nejsou jen kapky ¢astic, maji ,,jaderné obaly*. KdyZ jsou prazdné, téch par
¢astic v nich je daleko od sebe a nemohou si vyménovat mezony. KdyZ jsou plné, spousta



¢astic je zabaleno blizko a mohou se siln¢ vazat. ,,Ostrovy stability* jsou mista, kde jsou
skofapky plné, vazba je pevna a jadro stabilnéjsi. Pokud jde o mé pouziti labradoodle k
ilustraci velikosti sily mezi sousednimi protony v atomovém jadru. Mnoho z vés projevilo
zajem o pouziti labradoodles jako néjaké standardni jednotky méteni. To je trochu
nepraktické, protoze bychom museli pouzit priimérnou hmotnost statisticky velkého poctu
labradoodlii. Ale ja osobné dobrovoln¢ provozuji zatizeni pro standardy labradoodle NIST,
abych zajistil, ze tito velmi dobfti chlapci a divky dostanou vSechny své standardni pamlsky a
domaci mazlicky. Mnoho z vas také poukézalo na to, ze vesmir bez labradoodles neni vesmir,
ve kterém by chtéli zit. Souhlasim také. Coz nas ptivadi ke Stevovi. Steve vidi likvidaci silné
jaderné sily a s ni i likvidaci veskeré chemie, biologie a Zivota jako slibny zptisob, jak zbavit
svét labradoodlu. Steve, identifikoval jsi se jako nepfitel labradoodle a tvé jméno bylo
predano tajnému elitnimu tymu v NIST labradoodle
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standardni zafizeni. Budou vas sledovat. Ve skute¢nosti vas budou vsichni labradoodlové
sledovat.

JN, 27.08.2024
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