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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)- Dékujeme spolecnosti Brilliant za podporu PBS. Fyzika postupuje tim, ze 1ame nase
intuice, ale nyni jsme v bod¢, kdy dalsi pokrok mtize vyzadovat, abychom se zbavili téch
nejintuitivnéjsich a zdanlivé zakladnich pojmi ze vSech — samotného prostoru a ¢asu. Fyzika
ptisla do své moderni podoby jako popis toho, jak se predméty pohybuji prostorem a ¢asem.
Jsou to jevisté, na kterém se hraje fyzika. Ale tato faze se zaCina rozpadat na nejmensich
meéfitcich a nejvétSich energiich a fyzika se rozpada s ni. Mnozi véfi, ze jediny zplsob, jak
ucinit fyziku znovu celistvou, je zlomit to, co miiZze byt dosud nasi nejsilnéj$i intuici. V naSich
myslich se prostor a ¢as zdaji docela zasadni, ale toto prvenstvi nemusi pfesahovat nasi mysl.
V mnoha novych teoriich, které posouvaji hranice fyziky, neni casoprostor na své elementarni
urovni tim, ¢im si myslime, Ze je. V nékolika nadchézejicich epizodach prozkouméame
»skute€nost* prostoru a Casu. Zeptame se: Uchovava nase mysl vérnou reprezentaci néceho
skute¢ného tam venku, a pokud ne, pro¢ pfemyslime o prostoru a ¢ase tak, jak to délame? A
pokud prostor a ¢as nejsou zakladni, pak co je zakladni? Z ¢eho vznika prostor a ¢as? Ale
dnes délame prvni krok tim, Ze zkoumame, jak vitbec vznikl pojem absolutniho prostoru a
Casu ve fyzice a jak se tento pojem zaciné rozpadat. Tento pocit prostoru mame jako
rozsifenou prazdnotu — objem ¢ekajici na zaplnéni hmotou — pravidelny, souvisly,
mapovatelny... prostor, ve kterém je zasazeno vse, co existuje. Mezitim ¢as je nepietrzité
rolovani budoucnosti do minulosti pfes pfitomnost, Ani Matt O'Dowd dosud nepochopil, ze
,,Cas nebézi ndm, ale my bézime jemu‘,| my béZime ,,po ¢ase*, tj, my posouvame se ( a nejen
my, vie hmotné) po ¢asovych dimenzich a tim ,,vyrabime* tok — plynuti dasu. Casoprostor je
pouze stoicky artefakt jsoucna, je to predivo, je to miizka, je to sit 3+3D. A také se ,,vyrabi*
tok plynuti ¢asu ,,rozbalovanim = narovnavanim® k¥ivosti ,,zmackaného* 3+3D ¢asoprostoru.
V makrosvété mame lokality s riznou kiivosti dimenzi a proto je i tok plynti ¢asu rizny

v riiznych potencidlovych hladinach od hmotnych téles (i galaxii l1ze pokladat za ,,téleso

s vys$si kiivosti dimenzi nez ,,okolni prostiedi®... v8e fizeno stejnymi nezastavitelnymi
hodinami. Hodiny=hodinky=mechanizmos na tikani zastavitelné jsou, ale ¢as = tok plynuti
>hmotného bodu< zastavitelny neni. Ale tato pfedstava prostoru a ¢asu jako existence ,,tam
venku®, nezdvisle na jeho obsahu, se upevnila v populéarni intuici relativné neddvno, ve
stejnou dobu, kdy se upevnila ve fyzice. Lid¢ se vSak po tisicileti dohadovali o realité ¢i
fundamentélnosti dimenzi. Dvé hlavni koncepce Casoprostoru miizeme shrnout bud’ jako
rela¢ni — prostor 3+3D jako sit’ polohovych vztaht objektd — nebo jako absolutni — jako
skute¢nou entitu, ktera existuje nezdvisle na objektech a spiSe objekty obsahuje. Zda se, ze
posledni jmenovany se objevil teprve relativné neddvno. Zaénéme u starovéku. Urcité hodné
pfemysleli o vesmiru — vZdyt’ méli mapy a vynalezli geometrii. Ale geometrie Euklida a
Pythagora a dalSich nepotfebovaly pojem prostoru jako absolutni entity — byly vztahové.
Naptiklad trojuhelnik je definovan relativnimi délkami jeho stran a jeho

(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)- vnitini thly. K definovani trojahelniku nepotiebujete souradnicovou miizku — coz je
dobfe, protoze staii Rekové ji neméli. Jist&, jejich mapy mély zemépisnou délku a §iiku, ale
nem¢li nas vlastni matematicky zvyk mfizkovat prazdny prostor osami X, y a z. Jako takové
nem¢li tendenci myslet si, ze prazdny prostor ma svou vlastni nezavislou existenci. Myslenka
soufadnicové sité pfisla mnohem, mnohem pozdéji. A myslenka, Ze i ¢as ma vice dimenzi
nenapadla doposud nikoho (krom¢ mé a nékolika par fyzika, zavrzenych a piehlizenych). Ja
navic pfidal stavbu hmoty z 3+3 dimenzi ¢asoprostoru. http://www.hypothesis-of-
universe.com/index.php?nav=e stavbu elementarnich ¢astic pouze ,,balickovanim* tfi plus tfi
dimenzi dvou veli¢in, takZe na moje vSechny elementarni Castice i slozitou hmotu postaci
»dva znaky*“ =2 ,x“, a ,.t“. http://www.hypothesis-of-universe.com/docs/eb/eb_002.pdf
Mozna jste slySeli o kartézském soufadnicovém systému. osy X, y a z, kazdéd v uhlu 90 stupiiti
k ostatnim a mfizkované tak, aby kazdy bod v prostoru mohl byt definovan tfremi ¢isly —
hodnotou nejblizsi znacky miizky na kazdém z
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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
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
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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 azZ 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 prostorti — a tato aplikace by
brzy zpusobila revoluci v celé fyzice. Pokud jde o skute¢nou povahu prostoru, Descartes byl
pevné v taboie filozofl jako Platon, ktefi nevéfili v prazdny prostor. Descartes fekl, ze prostor
je skute¢ny pouze tehdy, pokud definuje rozsiteni objektti a hmoty. Ale vynalez prvniho
skute¢ného matematického souradnicového 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.

~
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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 Xx, v,
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)- Newtonovska mechanika je postavena na Descartovych soufadnicich a predpoklada
univerzalni hodiny. Tyto mehkaniky se ukazaly jako velmi GispéSné — skutecné revoluéni.



Natolik, ze mnozi, v¢éetné¢ Newtona, zacali vidét zakladni stavebni kameny mechaniky —
soufadnici prostoru a ¢asu — jako né€jakym zptisobem fyzicky realné. Newton sdm trval na
tom, Ze prostor je absolutni; existuje zcela nezavisle na jakychkoli objektech v ném. A to je to
jak 1ja tikam svymi slovy, ze 3+3D Casoprostor je stoicky, nekone¢ny, plochy jakozto
ptedivo, sit, mfizka, plochd, v niz ,,plavou* (po big-bangu chaoticky ,,nekonecné pokiivené*
dimenze, anebo do lokalit zabalené, svinuté (nikoliv do strun, z ni¢eho) kokony, balicky
hmoty, elementl hmoty....co se pak spojuji do konglomerati velmi slozit¢ hmoty, od chemie
po biologii az DNA. Prazdny objem implikovany kartézskou mtizkou je véc sama o sob¢. A
podle Newtona je ¢as také absolutni. Ten stoicky, nekonecny. Ale ten co se zac¢ne rozbalovat
anebo ten po nemz zac¢ne se posouvat element hmoty nebo 1 ,,kursor®, tak ten uz ,,bézi jakozto
plynuti ¢asu®... Od Aristotela po Descarta byl ,,¢as* vétSinou chépan jako pocitani udalosti.
0O.K. Ale podle Newtona existuji jediné univerzalni , které udrzuji stejny Cas stejné
tempo plynuti casu, jsou nastaveny na ,,predepsané* tempo tikotu pro vSechny pozorovatele —
¢as plyne ,,sam od sebe®, ano, ale Newton jesté nepoznal, ze mize existovat i jiné tempo
plynuti ¢asu a Ze v kolosalnim vesmiru probiha rozbalovani dimenzi ¢asoprostoru, coz vede ,,
v této lokalité* (slune¢ni soustavé) k jistému tempu, které se neméni dlouhodobé. Cert vi, jaké
bylo tempo plynuti ¢asu po zrodu slunecni soustavy.? a to i bez jakékoli zmény. Newton také
vetil, 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 osdm pevnd, pak jste byli skutecné
nehybni. To je v rozporu s mysSlenkami Galilea pted stoletim, ktery nam ukézal, ze rychlost je
relativni — rychlost, kterou naméfite jinému cestujicimu, zavisi na vasi vlastni rychlosti.
Fyzikalni zakony jsou stejné v jakémkoli nezrychlujicim se nebo inercialnim rdmci, a proto
jsou si vSechny takové ramce rovny. Zatimco Newton akceptoval matematické disledky
Galileovy relativity, myslel si, Ze potiZe, které jsme méli pti definovani preferované inercialni
soustavy, jsou omezenim lidské mysli, nikoli vesmiru. Uspéch newtonovské mechaniky
povysil pfedstavu o realnosti prostoru a ¢asu v myslich kazdého. Ale byl tu jeden prominentni
odptirce. Newton mél nepfitele. Nebo to mozna byl Newton, kdo byl nepfitelem toho chlapa.
Dobie, sdilel oboustranné negativni vztah s némeckym matematikem Gottfriedem
Wilhelmem Leibnizem. Jejich nejslavngjsi rivalita spocivala v objevu kalkulu, na ktery pftisli
nezavisle — pticemz Leibniz se k nému pravdépodobné dostal jako prvni. Newton ho vSak
obvinil z plagiatorstvi a tim, Ze je zdaleka nejmocnéj$im védcem své doby, si zajistil uznani.
Ale dalsi bod sporu mezi t€émito dvéma byl o povaze prostoru a ¢asu. Leibniz nepfijal
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 viibec znamena? Znamena to,
ze predm¢éty existuji, ale neziji ve 3- nebo jiném rozméerném prostoru. To, co si myslime o
prostorové separaci, je spise kvalita objektli samotnych — nebo spiSe spojeni mezi nimi.
Ptesné to, pro€ si to Leibnitz myslel a odmitl Newtona, je celd véc, kterou ted’ nemame ¢as
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 pfedstavime pouze jeden rozmér prostoru, zndzornény jako
¢ara. Toto je newtonovsky prostor, kde kazdy bod ptedstavuje absolutni pozici v 1-D vesmiru.
Muzeme dat néjaké Castice do vesmiru. Poloha kazdého z nich v prostoru je definovana — tedy
jeho pozici v prostoru — bez ohledu na zna¢ku miizky, vedle které se nachazi, pokud piidame
soutadnicovy systém. Castice mohou mit vnitini nebo vnitini vlastnosti — Ffeknéme
hmotnost, pozoruhodné, ze slyéim néjakého védce Fici - jak sam stale to pisi - ze
hmotnost je vlastnost. (!) elektricky naboj atd., ale jejich poloha neni veli¢inou, ktera je



Gastici vlastni. V Leibnizové pohledu neni misto, takze se zbavime ¢ary. Castice stale existuji,
ale nikde nejsou. Jsou to jen baliky nemovitosti bez velikosti nebo umisténi. Prostor
neexistuje, takze bychom mozna méli umistit tyto ¢astice na sebe, ale pokud umisténi nema
smysl, mizeme je také odd¢lit, abychom je mohli vidét. Pridejme ke kazdé ¢astici novou
vlastnost, kterou budeme nazyvat X. X je to, cemu fikame stupen svobody volnosti — néco o
castici, kterd miize nabyvat riznych hodnot a mize se ménit. Dal§imi stupni volnosti mohou
byt energie a faze a rotace a tak dale. X se chova urcitym zpisobem. Miize se naptiklad
libovolné ménit. Pokud se méni, pak se méni stale stejnym tempem a stejnym smerem. Nyni
tyto Castice nemaji ponéti o vzdjemné existenci, s vyjimkou zvlastnich okolnosti. Napftiklad,
jestlize dvé Castice maji hodnoty X, které jsou blizko u sebe, pak se tyto hodnoty X vzdjemné
ovliviiuji a méni rychlost otaceni Ciselnikii. Mozna si chtéji byt vice podobni, nebo se mozna
snazi byt vice odli$ni. Pokud bychom méli tyto hodnoty X zndzornit polohou na ¢iselné ose —
0se X — pak chovani ¢astic vypada jako Castice, které se pohybuji v prostoru a vzajemn¢ se
ptitahuji nebo odpuzuji, pouze kdyz jsou

(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 vychdzejicimu 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 potifebujeme 3 prostoroveé
rozméry, ne jeden. X, Y a Z by musely byt vSechny blizko sebe, aby Castice interagovaly.

Also, Leibnitz thought that position was
encoded in the relationship between particles,
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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)- Také si Leibnitz myslel, ze poloha je zakodovana ve vztahu mezi ¢asticemi, nikoli v
objektech samotnych. Svym elementarnim ¢asticim dal jména — monady — které mély mimo
jiné zakladni védomi a tento prostor se vynofil z jejich vzajemné perspektivy z pohledu prvni
osoby. Ale ve skutecnosti tyto extra vlastnosti nepotiebujeme — myslenka castic s
interagujicimi vnitfnimi stupni volnosti ilustruje, jak se prostor miiZze vynofit ze vztaht mezi
prvky, ktere samy v prostoru nejsou. Takze to je Leibnitz ve vesmiru. Podobnym zptisobem
nesouhlasil s Newtonem ohledné Casu, véfil, Ze je to ¢as mira zmény vlastni kazdému prvku,
spise nez kosmické hodiny, které udrzuji vesmir v synchronizaci. Newtom ani Leibnitz tedy
jesté neuvazovali jako ja, ze ,,tikani* Casu, plynuti Casu, je v podstate ,,rozbalovavani‘ kiivosti
ktivych 3+3 dimenzi. AZ mé to zneklidiiuje... Newton byl tehdy samoziejmé nespornym
Séfem védy, a tak jeho preference absolutniho prostoru a €asu zvitézily nad fyziky a nakonec
si nasly cestu do popularni piedstavivosti. Ale kdo mél skute¢né pravdu? Jsou objekty v
prostoru a pohybuji se ¢asem, nebo jsou prostor a ¢as néjak v objektech oboji (!) a to je



moje HDV..., hmotové objekty jsou postaveny = vyrobeny z 3+3 dimenzi ¢p, takze jsou,
ano, jsou prostor a ¢as ,,v objektech, uvniti jak by ne, kdyZ jsou z nich postaveny
http://www.hypothesis-of-universe.com/index.php?nav=e A zarovei objekty = hmota
»plavou, pluji“ kfivym ¢asoprostorem a moZna i tento krivy ¢asoprostor (to jsou ta 4
pole) jesté plave v zakladnim plochém 3+3D ¢asoprostoru a

12:14
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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,
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


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

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)- jejich spojeni? Jsou dimenze absolutni nebo relaéni? No, tod’ otazka. Rozhodné mé
mrzi, ze védci nechtéji mé vize zkoumat, ml¢i, anebo spise se kloni proti mné. Pro¢? Zdalo se,
ze dalsi velky vyvoj podpoftil Newtona. V prubéhu 19. stoleti se nase chapani jevu elektfiny a
magnetismu sbliZilo a odhalilo existenci néceho, co se nazyva elektromagnetické pole. je
jen n&jaka vlastnost, O.K. kiivost ¢p takova, ktera jesté nepiesahla ,,(S)baleni* dimenzi do
kokonti = balickti = klubic¢ek elementarnich castic (ty pak do konglomerati, chemie, biologie,
DNA), to je . .. kterd mize nabyvat Ciselné hodnoty ve vSech bodech prostoru. Naptiklad
teplota je pole definované ve vzduchu kolem vas. Vyplyva to z vlastnosti ¢astic vzduchu. Ale
elektromagnetické pole nepotiebuje Castice. O.K. je to stav kiivosti, kterd nepiesahla meze
pro sbaleni ,,dimenzi do hmoty*... Poprvé se zdalo, ze pole mize byt vlastnosti samotného
prostoru. TakZe pokud prostor miize mit vlastnosti, pak prostor musi objektivné existovat. A
dalsi vnitini vlastnosti se objevily s rozvojem kvantové mechaniky — napiiklad se ukazalo, ze
vesmir ma urcity druh energie i v nepfitomnosti ¢astic — takzvanou energii vakua. Ano, takée
o tom n¢kolik let mluvim, napt. http://www.hypothesis-of-
universe.com/docs/eng/eng_130.pdf ; http://www.hypothesis-of-
universe.com/docs/eng/eng_032.pdf ; a navrhuji ,,pro existenci temné energie*, ze to muze
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byt emergentné vyvérajici energie z viiciho vakua na Planckovskych skalach. Viici vakuum je
hmototvorné, kazdé kiiveni dimenzi je hmototvorné. http://www.hypothesis-of-
universe.com/docs/eng/eng_078.pdf ; http://www.hypothesis-of-
universe.com/docs/eng/eng_167.pdf ; Chceme-li vSak skute¢né rozhodnout, zda jsou prostor
a Cas skute¢né — abychom mohli soudit mezi Leibnitzem a Newtonem — potiebujeme
kone¢ného arbitra. HDV. Potfebujeme nejvétsiho odbornika na prostor a ¢as, ktery kdy zil —
a tim je Albert Einstein. http://www.hypothesis-of-universe.com/docs/aa/aa_336.pdf O
Einsteinovych specidlnich a obecnych teoriich relativity jsme mluvili jiZ mnohokrat. Pojd'me
si jen projit, co tato teorie zménila na nasich ptedstavach o dimenzich. Se specialni relativitou
skoncila separace 3-D prostoru a 1-D casu. Stali se 4D prostorocasem. Bohuzel je to malo.
Védci prehlizi mou vizi o 3+3D prostorocasu... http://www.hypothesis-of-
universe.com/docs/aa/aa_080.pdf ; http://www.hypothesis-of-
universe.com/docs/aa/aa_055.pdf ; Einstein ukazal, Ze na§ pohyb prostorem a nas pohyb
casem jsou propojeny. Hodiny, které se pohybuji vzhledem k vam, tikaji z vaseho pohledu
pomaleji. A pak s obecnou relativitou vidime, Ze pfitomnost hmoty a energie se protahuje a
deformuje jak prostor, tak ¢as. To zptlisobi, Ze se ptimé trajektorie, které ocekdvame na
kartézské mtizZce, zakiivi, a zjevnd zména drahy objektu v zakiiveném casoprostoru (proto
pozoruje zakladni Pozorovatel, doma v primétné ze se raketa (objekt v pohybu
nerovnomerném) pootaci. .., coz vede k vysvétleni, proC na raketé dilatace neni, velitel rakety
ji nepozoruje, jen my-Pozorovatel v zakladni soustavé pasované do klidu ji pozorujeme... v
ptitomnosti hmoty je Einsteinovym vysvétlenim gravitace. Relativita prevratila nekteré z
Newtonovych pfedstav o absolutnim prostoru a Case: Ze jsou to nezavislé entity, ze existuji
univerzalni hodiny pro €as a Ze pro prostor existuje jakysi kone¢ny, pevny soutadnicovy
systém. Ale co to znamenalo pro ustiedni otazku této epizody: co realnost prostoru a ¢asu? Ve
skute¢nosti se ¢asoprostor v Einsteinoveé vesmiru zda byt jesté podstatnéjsi nez diive. Je to
jako latka, kterou Ize pokroutit. HDV v bledéruzovém Dokaze udrZet energii. MiiZze dokonce
Sifit viny — gravitacni viny. Einstein ukazal, Ze prazdny prostor mé vlastnosti, takze musi byt
skute¢ny, ne? No, mozna — ale Einsteintiv pohled je ve skute¢nosti radikalnim odklonem od
Newtonova — do té miry, Ze se Einstein dokonce nazyval Leibnizian. Newton véfil v prostor
jako zékladni jevisté, na kterém castice a pole tanéi. Ale Einstein trval na tom, Ze Zadné
takové pozadi neexistuje — a to proto, ze pro néj jsou prostor a gravitaéni pole totéz. Toto pole
neni nakresleno na soufadnicovém systému; spise je soufadnicovy systém kvalitou pole. Bez
tohoto pole neni nic. Takze tohle vSechno pfistalo Einsteina nékde mezi Leibnizem a
Newtonem. Véfil, Ze ,,tam venku* existuje rozsifena struktura, kterd mize drzet predméty a
na které Ize definovat vzdalenosti a trvani, ale neni absolutni a zdsadni zpisobem, jak si
Newton myslel. Podle Einsteina mél Descartes pravdu a Platon také: nic takového jako
prazdny prostor neexistuje. Abychom citovali Einsteina, "neexistuje zadny prostor prazdny
pole" Je tedy Einstein posledni slovo v této véci? Daleko od toho. Vime, Ze obecna teorie
relativity se rozpada na velmi malych méfitcich — menSich nez asi 10"-35 metrti, coz je
Planckova délka. O.K.Tam se dostava do beznadéjného konfliktu s kvantovou mechanikou a
neni mozné smysluplné definovat kratsi vzdalenosti. Stejné€ jako nema smysl definovat trvani
krat$i nez Plancklv Cas. Tento konflikt mezi Einsteinovou teorii a kvantovou mechanikou je
jednou z hlavnich vyzev a inspiraci pro postup na dalsi aroven fyziky. A v podstaté vS§echny
mozné cesty vpred nas nuti piehodnotit nase chapani dimenzi — at’ uz vynasobenim jejich
poctu jako v teorii strun, nebo tim, Ze se vynofti z prvki, které samy o sob¢ v prostoru
neexistuji — jako je smyckova kvantova gravitace, o kterém jsme mluvili, nebo o bunéénych
automatech Wolframsova fyzikalniho projektu, nebo ve spleti mezi prvky na holografickém
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horizontu, nebo z Arkani-Hamedova amplituhedronu, mezi jinymi. Pokud je néco z toho
pravdivé, pak Leibniz mohl byt na néco; prostor existuje ve vztazich mezi jakymsi
elementarnim ... né¢im, ne jako absolutni a fyzicky realna latka. Leibniz mél také dalsi
kontroverzni napad A $tésti, Ze jeho okolni fyzikalni komunita byli inteligentni moud¥i
lidé oproti dneSku kdy se nestydi spousta mudr-pudri (radoby fyziki, vzdélanci) plivat
a uraZet laiky do zmrdi, idiotd, ***** s promySlenymi napady : myslel si, Ze prostor je v
naSich myslich. To neni totéz jako fikat, Ze realita je v nasich myslich — neni to dokonce totéz,
jako tikat, Ze prostor neexistuje. Leibniz spiSe citil, ze at’ uz je to tam venku cokoli, co se
chové jako prostor, to jen ziskava

(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—Dbits 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 na§ mozek snazi
uspotradat objekty, které jsou oddéleny zcela abstraktnéjsi vlastnosti. Néco jako, jak
subjektivni zkuSenost s ¢ervenou existuje pouze tehdy, kdyz mozek interpretuje frekvenci
svétla. Je neuvéfitelné t¢zké si predstavit vesmir bez prostoru a asu. Zda se, Ze rozméry jsou
pevné zapojené do nasich mozkl. Mozna potfebujeme prolomit tento ptedsudek, abychom se
posunuli ve fyzice kupiedu. Pokud ano, musime prozkoumat, jak a pro¢ nase mozky stavi
nase velmi presveédCive prostorové a ¢asoveé vnitini svéty. A to udélame v epizod¢ velmi brzy
a mozna se priblizime k tomu, abychom zjistili, zda Zijeme v absolutnim nebo vztahovém
casoprostoru. Dékujeme spolecnosti Brilliant za podporu PBS. Brilliant je online vyukova
platforma pro STEM s praktickymi interaktivnimi lekcemi. Brilliant je pro zvidavé studenty,
mladé 1 staré, profesionalni 1 nezkuSené. Brilantni kurzy vas nauc¢i myslet (prostfednictvim
interaktivnich lekei a aktivit/cviceni k feSeni probléml) a feSit problémy pomoci
interaktivnich lekci STEM. Naptiklad umélé neuronové sité se uci detekei vzorct v
obrovském mnozstvi informaci. Stejné€ jako vas vlastni mozek jsou umeélé neuronové sité
flexibilni stroje na zpracovani dat, které provadéji predpovedi a rozhodnuti. Ve skute¢nosti ti
nejlepsi pred¢i lidi v kolech, jako jsou Sachy a diagn6zy 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 feSeni,
a na konci budete ptipraveni ponofit se do algoritmil nebo si jeden vytvofit pro sebe. Chcete-li
se o Brilliant dozveédét vice, pfejdéte na brilant.org/spacetime Dnes se podivame na vase
komentate z poslednich dvou epizod. Byl tam ten o tom, jak se Zemé skute¢né pohybuje
vesmirem, a pak ten o tom, jak jadro drzi pohromad€ vyménou mezont. Po¢inaje pohybem
Zemé. Matt Thomas se ptd, kdyz ddme dohromady veskery naS pohyb vesmirem, jak rychle se
pohybujeme vzhledem k CMB? A jaky vliv mé tento pohyb na nasi zkuSenost s Casem?
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
méelo dojit k Casové dilataci vzhledem k CMB. Piedpokladejme, Ze referencni rdmec hmoty
Zem¢ se v prubéhu historie vesmiru pohyboval v priméru touto rychlosti. V tomto
referen¢nim ramci uplynulo mén¢ ¢asu ve srovnani se zbyvajicim ramcem CMB — Velky



tiesk byl pro nas hypoteticky pohyblivy ramec novéjsi. Pfisel jsem na to — rozdil je asi 10 000
let. Docela mali¢ké ve srovnani s vékem vesmiru. Karl Sheffield se ptd, co je pred nasi cestou
kolem Galaxie? No, hned vpfedu: 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 véci, které nemtizeme snadno vidét —
kousky skaly nebo ledu jako oumuamua, které byly vyvrzeny z jinych hvézdnych systému.
Budou zde vyvrzené planety, hnédi trpaslici, ¢erné diry a dalsi pozistatky hvézd. Pokud jde o
véci, které mizeme vidét — mifime smérem k hvézd€ Vega, ale Vega také obiha galaxii, takze
se nesrazime. To znamena, ze se obc¢as dostaneme dostate¢né blizko ke hvézd¢ nebo
poziistatku hvézdy, abychom si popletli obézné drahy v nasi soustave, pricemz hlavnim
nebezpecim je nartist komet ve vnitini slunecni 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 pta, 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 ptedpovéd’ existence pi mezonu. A jeho jméno je po celém standardnim
modelu — interakce Yukawa tidi silnou silovou ¢ast standardniho modelu Lagrangian a také
termin Higgsovy vazby Nékolik lidi se ptalo, jak je mozné, Ze vymeéna virtudlnich ¢astic mize
zpusobit pritahovani ¢astic. Ostatné v analogii ¢astic hazejicich po sobé koule se zda, Ze
vymeéna hybnosti by je méla pouze od sebe odtlacit. Kratka odpovéd’ je, ze analogie kulicek je
dost omezena a dokonce i pojem virtudlnich Castic je néco jako metafora. Ve skutecnosti se
déje to, ze kvantova pole mezi Casticemi a kolem nich jsou naruSena zpisobem, ktery lze
ptiblizit 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 | 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 virtudlni ¢astice jednoduse nepochazeji z
Castice jedna a necestuji po piimce k ¢astici dvé. Mohou vznikat v Siroké oblasti, ktera se tidi
principem neurcitosti, a to i na opacné strané ¢astice dvé. Mohou mit také libovolnou
hmotnost, véetné¢ komplexnich hmotnosti. To v§e umoziuje virtudlnim casticim pienaset
hybnost zptsobem, ktery ¢astice stahuje k sobé&, nikoli od sebe. Ale ve skutecnosti jsou tyto
¢astice matematickou fikci k popisu chovani pole. Nehazi se zddné koule. Feelincrispy
poukazuje na to, Ze bych si mohl snadno néco vymyslet a %99,9 z vés 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 piipomnéli — ostrov stability je oblasti
periodické tabulky velmi velkych jader, ktera je teoreticky stabilnéjsi nez soucasny tézky
konec tabulky, ktery jsme v tomto bod¢€ objevili. Popravdé, podrobnosti o tom opravdu
neznam. Ale nastésti Gareth Dean skocil do sekce komentéit, aby odpovédél, takze si to
predtu. 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
castic je zabaleno blizko a mohou se siln¢ vazat. ,,Ostrovy stability* jsou mista, kde jsou
skofapky plné, vazba je pevna a jadro stabilné;si. Pokud jde o mé pouziti labradoodle k
ilustraci velikosti sily mezi sousednimi protony v atomovém jadru. Mnoho z vas projevilo
z4jem o pouziti labradoodles jako néjaké standardni jednotky méteni. To je trochu
nepraktické, protoze bychom museli pouzit primérnou hmotnost statisticky velkého poctu
labradoodlii. Ale ja osobn¢ dobrovolné provozuji zafizeni pro standardy labradoodle NIST,
abych zajistil, Ze tito velmi dobii chlapci a divky dostanou vSechny své standardni pamlsky a
domaci mazlicky. Mnoho z véas také poukazalo 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 1 likvidaci veskeré chemie, biologie a Zivota jako slibny zptisob, jak zbavit
svét labradoodli. Steve, identifikoval jsi se jako nepfitel labradoodle a tvé jméno bylo
pfedano 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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