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01) This video is sponsored by curiosity stream home to over 2,500 documentaries and
nonfiction titles for curious minds in a previous video we saw that gravity can be explained by
the curvature of four-dimensional space-time we used to have no idea what caused gravity or
like why the Sun could attract the earth across the vacuum of space with no physical
connection as we just had a mathematical model but it was Einstein's general theory of
relativity that describes how mass bends the fabric of space-time that finally explained the
why of gravity in what many regard as the most beautiful physical theory currently in
existence but what soon followed was another theory that tends to surprise people when they
first hear it this is Theodor Kaluza said that if gravity can be explained by the curvature of
space-time then maybe the electromagnetic force an interaction that occurs between charged
particles could also be explained by some underlying curvature the problem is that the four
dimensions of space-time were already used up in order to explain gravity so Kaluza
introduced the idea of a fifth dimension or a fourth spacial dimension that could explain
electromagnetism and this became known as Kaluza Klein theory this said that
electromagnetism and how electromagnetic waves propagate through the vacuum of space
could all be explained by ripples in an extra spatial dimension it seemed like Kaluza may have
finally unified two forces of nature by just extending general relativity to include one more
dimension and when Einstein was presented with this he at first had no issues with it and we'll
see why in a minute now | know this sounds crazy and kind of out of nowhere but consider
this in a previous video we saw that something known as the metric tensor can describe how
any space is curved this mathematical tool can essentially determine distances between nearby
points on warped surfaces being corrections when the Pythagorean theorem fails and this is
what's needed to fully describe a curved surface the metric used in Einstein's general relativity
looks like this a four by four matrix as this was needed to completely describe the curvature of
four-dimensional space-time but we can use metrics for any dimension as you can guess a
three by three matrix could describe how a three dimensional space is curved and so on so
Kaluza tried something interesting and solved Einstein's equations in five dimensions and one
step to accomplish this involved extending the 4x4 metric to a five dimensional one what he
added was a row and column that incorporated something called the electro magnetic vector
potential the one extra component was an unidentified scalar field that's not as important for a
quick explanation like this so now the metric included the four by four space-time metric from
before and extra terms involving electromagnetism which by the way fit perfectly because the
electro magnetic vector potential did require four components pretty much just what's needed
for the added dimension and what Colusa found was that when he went through with the math
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out came not only Einsteins field equations in four dimensions but now also Maxwell's
equations for electromagnetism discovered decades earlier the idea of just adding a fifth
dimension amazingly made the math work we're two seemingly different forces of nature fit
perfectly together as a five dimensional field which would yield known equations of
gravitation and electromagnetism this seems very promising but it wasn't long before a
problem started to come up for example due to recent quantum discoveries Oscar Klein came
along and changed things up a bit he said that maybe that fifth spatial dimension was actually
curled up on top of our own universe where you can imagine our universe is the flat grid and
those golden circles aren't extra curled spatial dimension existing all around us which by the
way would be extremely small and just to note while these were animated like golden
Tauruses or rings they're meant to portray flat circles since the is just that one extra spatial
dimension but then when physicists tried to do things like incorporate the electron into the
theory there are discrepancies between theoretical values and measured values such as mass
or charge that could not be accounted for after a few years the clues of Klein theory

01) Toto video je sponzorovano proudem kuriozit, domovem vice nez 2 500 dokumentarnich
a popularné nau¢nych titula pro zvédavé mysli. V predchozim videu jsme vidéli, Ze gravitaci
Ize vysvétlit zakiivenim ¢tyirozmérného ¢asoprostoru, kdy jsme netusili, co zpusobilo
gravitaci nebo podobné pro¢ by Slunce mohlo pfitahovat Zemi napii¢ vakuem vesmiru bez
fyzického spojeni, protoze jsme pravé méli matematicky model, ale byla to Einsteinova
obecna teorie relativity, ktera popisuje, jak hmota ohyba strukturu ¢asoprostoru, ktera
nakonec vysvétlila pro¢ gravitace v to, co mnozi povazuji za nejkrasnéjsi fyzikalni teorii,
kterd v soucasné dob¢ existuje, ale to, co brzy nasledovalo, byla dalsi teorie, ktera ma
tendenci piekvapovat lidi, kdyz to poprvé uslysi, to je Theodor Kaluza tekl, ze pokud 1ze
gravitaci vysveétlit zaktivenim ¢asoprostoru, pak mozna elektromagneticka sila interakce,
kterd nastdvd mezi nabitymi ¢asticemi, Ize vysvétlit také zékladnim zakiivenim, problém
spociva v tom, ze ¢tyfi dimenze ¢asoprostoru jiz byly vycerpany, aby vysvétlily gravitaci,
takze Kaluza predstavil mySlenku paté dimenze nebo ¢tvrté prostorové dimenze, ktera by
mohla vysvétlit elektromagnetismus, a to se stalo znamé jako Kaluza Kleinova teorie, ktera
iika, Ze elektromagnetismus a jak se elektromagnetické viny $ifi pres vakuum vesmiru by se
dalo vysvétlit vinénim v extra prostorové dimenzi, zdalo se, ze Kaluza mohla kone¢né
sjednotit dvé prirodni sily pouhym rozsifenim obecné relativity tak, aby zahrnovala jesté
jednu dimenzi, a kdyz tomu byl Einstein ptedstaven, zpocatku s tim nemél problémy a
uvidime, pro¢ za minutu vim, Ze to zni $ilené a trochu odnikud, ale vezméme to v piedchozim
videu, vidéli jsme, Ze néco zndmého jako metricky tenzor muze popsat, jak je zakiiven
jakykoli prostor, tento matematicky nastroj mize v podstaté urcit vzdalenosti mezi blizkymi
body na poktivenych povrsich, které jsou korekcemi, Pythagorova véta selze a to je to, co je
zapotiebi k upIlnému popisu zak#iveného povrchu, metrika pouzita v Einsteinové obecné
relativité vypada takto matice ¢tyii ku ¢tyfem, protoze to bylo nutné k tiplnému popisu
zaktiveni ¢tyfrozmérného casoprostoru, ale mizeme pouzit Uplne popsat zaktiveni ¢tyi-
dimenzionalniho ¢asoprostoru, ale muzeme pouzit metriky pro jakoukoli dimenzi, jak mizete
uhodnout tti o t¥i matice by mohly popsat, jak je trojrozmérny prostor zakiiveny atd., takze
Kaluza zkusil néco zajimavého a vytesil Einsteinovy rovnice v péti dimenzich a jednim
krokem k dosazeni tohoto cile bylo rozsiteni metriky 4x4 na pétimenzionalni, co ptidal byl
fadek a sloupec kterd zahrnovala néco, co se nazyva elektromagneticky vektorovy potenciél,
jednou dalsi slozkou bylo neidentifikované skalarni pole, které neni tak dulezité pro rychlé
vysvétleni, jako je tato, takze nyni metrika zahrnovala metriku ¢asoprostoru ¢tyfi krat ¢tyfi
diive a dalsi vyrazy zahrnujici elektromagnetismus, ktery zpusob, jak dokonale zapada,
protoze potencial elektromagnetického vektoru vyzadoval témét ctyii komponenty, piesné to,
Co je potieba Ed pro ptidanou dimenzi a to, co Kalusa zjistil, bylo, Ze kdyz prosel



matematikou, ptisly nejen Einsteinovy polni rovnice ve ¢tyiech dimenzich, ale nyni také
Maxwellovy rovnice pro elektromagnetismus objevily pted desitkami let mySlenka pouhého
piidani paté dimenze izasné udélala matematiku prace jsme dvé zdanlive odlisné sily piirody
dokonale zapadaji do sebe jako pétrozmeérné pole, které by poskytlo zndmé gravitacni rovnice
a elektromagnetismus, coz se zda byt velmi slibné, ale nebylo to dlouho pfedtim, nez se zacal
objevovat problém naptiklad kvuli nedavnému kvantu objevy, které Oscar Klein piisel a
trochu to zménil, fekl, Ze mozna ta pata prostorova dimenze byla ve skute¢nosti sto¢ena na
vrcholu naseho vlastniho vesmiru, kde si mtizete predstavit, Ze na§ vesmir je plocha mfizka a
ty zlaté kruhy nejsou extra sto¢ena prostorova dimenze existujici v§ude kolem nas, coz by
mimochodem bylo extrémné malé a jen na védomi, zatimco tyto byly animovany jako zlati
Byci nebo prsteny jsou zamysleny k vykresleni plochych kruhd, protoZe je to pravé ta jedna
dalsi prostorova dimenze, ale kdyz se fyzici pokusili udélat véci jako zaclenit elektron do
teorie, existuji rozdily mezi teoretickymi hodnotami a naméienymi hodnotami, jako je
hmotnost nebo ndboj, které nemohly byt po nékolika letech vysvétleny stopy Kleinovy teorie
02) was dead but it did start the real conversation of using higher dimensions to unify the
forces of nature that occur in our universe it's said to be the precursor to current theories that
go way beyond five dimensions and although we currently have absolutely no proof that
higher dimensions exist the math says they just might which is where we're headed but first
we're going to explore the fourth spatial dimension just a little bit more where we have a bit of
tuition still at least when we make comparisons so as with any video going into higher
dimensions we need to visit flatland this is the hypothetical world of flat creatures that can
only see along a completely flat plane and have no concept of height or a third dimension so
even if a 3d object were to visit the Flatlanders they could only see a cross-section technically
just a line segment get larger and then smaller as the sphere interacts with inner world even
though the intersection would be an entire circle that could only be seen from above the plane
as you can see a 3d creature like us would have godlike powers to Flatlanders able to enter
their world at any point and see everything at once even if the two-dimensional creature were
in their version of a completely boxed in region blocked off from everything in their world we
could still see them and interact with that space so just imagine you got in an enclosed box
thinking you're safe well now a 4 dimensional creature let's say a hyper sphere could still see
you and if it wanted it could enter that space at any moment from out of nowhere you'd only
be able to see a 3d cross-section as it interacts with our world but just like before there's an
entire higher dimensional creature who you're only seeing a little sliver of hopefully you're
seeing the comparisons and how a 4 dimensional creature would have godlike powers to us
now if we could take that flatlander out of its two dimensional world and show it ours it
would be a very weird experience the flatlander would only see an infinitely small sliver of
our world at a time as we moved it in the third dimension things would weirdly change colors
and they'd have no grasp from what's really happening they could see our world but only the
tiniest bit at a time there's no way for their brain or eyes to appreciate the beauty of the 3d
world and while we cannot imagine a four spatial dimension beyond the three we know of we
can use similar analogies where if a 40 creature took us on a little adventure of their world
whatever it would look like it would be very strange to us but we'd have no true appreciation
for what it really was and there's nothing | or anyone can do to change this beyond finding the
weirdest stock footage that | can then another interesting property in the fourth dimension is
what it's like to invert objects in two dimensions if there's a flatland are on a piece of paper it
can only turn and move side to side but if I pull it up into the third dimension flip it and put it
back | have now completely inverted the object in a way that's impossible for it to do without
access to a higher dimension the flatland creatures alone could not accomplish this but now
just imagine this extended to us if you were lifted into the fourth dimension and flipped over



in that dimension and then placed back into our three-dimensional universe you would be
completely inverted your heart would be on the wrong side of your body any birthmarks
would be on the wrong side and you would just be a completely mirrored version of yourself
something that could not be accomplished by us alone in a 3d world so yeah that's basically
the weirdness of the fourth dimension now although the idea of one extra spatial dimension
predicted by Clues and Klein did die out the idea of extra dimensions did not it's very much
alive and today the most promising theory that would use extra dimensions to unify the
fundamental forces is string theory string theory replaces the idea that point-like particles such
as electrons or neutrinos and so on make up our universe and instead says that on a much
smaller scale if you zoomed in a lot each particle is just a vibrating string and it's the
vibrations of those strings that determine the properties we observe like mass charge and so
on pretty much particles are really just the same string playing different notes and it's the
variety of possible notes that account for everything we observe in our universe see there are
four fundamental forces of nature the strong nuclear force that holds the nucleus of an atom
together the weak nuclear force responsible for radioactive decay of atoms the
electromagnetic force that causes charged particles to repel or attract each other and then
gravity three of the four ofthese can be described with quantum mechanics but gravity is the
odd one out at the moment

02) byl mrtvy, ale zacal skute¢na diskuse o pouZiti vysSich dimenzi ke sjednoceni piirodnich
sil, které se vyskytuji v naSem vesmiru, fika se, Ze je predchidcem soucasnych teorii, které
jdou daleko za pét dimenzi, a piestoze v sou¢asné dobé nemame absolutné zadny dikaz, Ze
vyssi dimenze existuji matematika fika, Ze by mozna mohli, kam mame namiteno, ale
nejdiive prozkoumame ¢tvrtou prostorovou dimenzi jen o néco vic, kde mame trochu vyuky,
pfinejmensim pii srovnavani jako s jakymkoli videem kdyz jdeme do vySSich dimenzi,
musime navstivit rovinu, jedna se o hypoteticky svét plochych tvora, ktefi mohou vidét pouze
po UpIn¢ ploché roving a nemaji zadnou piedstavu o vySce nebo tieti dimenzi, takze i kdyby
3D objekt navstivil Flatlandery, mohli by jen vidét prafez technicky jen Gsecka se zvétsuje a
poté zmensuje, jak koule interaguje s vnitfnim svétem, i kdyZz prusecéik by byl cely kruh, ktery
by mohl byt pouze s Jak vidite nad rovinou, jak vidite 3D tvora, jako jsme my, mél by bozské
sily pro Flatlandery, kteti by mohli vstoupit do jejich svéta v jakémkoli bodé¢ a vidét vse
najednou, i kdyz dvojrozmérné stvoieni bylo v jejich verzi GpIn¢ zabaleného regionu
blokovani od v§eho v jejich svété, mohli by jsme je stéle vidét a komunikovat s timto
prostorem, takze si jen predstavte, Ze jste se dostali do uzaviené krabice a mysleli jste si, ze
jste v bezpeci, nyni vas 4dimenzionalni stvoieni feknéme, Ze by vas hyper koule mohla stale
vidét a kdyby to chtélo mohlo by do tohoto prostoru vstoupit kdykoli z ni¢eho nic, takze byste
mohli vidét pouze 3D priifez, jak interaguje s nasim svétem, ale stejné jako predtim existuje
cela bytost vyssi dimenze, kterou vidite jen maly kousek, doufejme, ze vidite srovnani a jak
by ndm nyni 4-dimenzionalni stvoieni mélo bozské sily, kdybychom mohli vzit toho
flatlandera z jeho dvourozmérného svéta a ukazat mu, Ze by to byl velmi divny zazitek flatlan
der by vidél jen nekone¢né maly kousek naseho svéta najednou, kdyz jsme ho posunuli do
tieti dimenze, véci by podivné zménily barvy a oni by neméli Zadny piehled o tom, co se
skutecné déje, mohli videét nas svét, ale jen ten nejmensi kousek ¢as pro jejich mozek nebo oci
neexistuje zpusob, jak ocenit krasu 3D svéta, a prestoze si nedovedeme predstavit Ctyfi
prostorové dimenze nad ramec téch tii, o kterych vime, mizeme pouzit podobné analogie, kde
kdyby nés stvoieni 40 vzalo na malé dobrodruzstvi jejich svét, jak by to vypadalo, bylo by to
pro nas velmi zvlastni, ale neméli bychom skute¢né ocenéni za to, co to opravdu bylo a neni
nic, co bych ja nebo kdokoli mohl udélat, abychom to zmenili, kromé nalezeni
nejpodivnéjsich zabéra akcii, které mohu, pak dalsi zajimavou vlastnost ve ¢tvrté dimenzi je



to, jakeé to je obracet objekty ve dvou dimenzich, pokud je na kousku roviny, muze se otacet a
pohybovat pouze ze strany na stranu, ale pokud ji vytahnu do tieti dimenze, oto¢i ji a dé ji
back, ted’ jsem UplIn¢ pievratil objekt takovym zpisobem, Ze je nemozné, aby to udélal bez
piistupu k vys$si dimenzi, kterou by samotni tvorové z roviny nemohli dosahnout, ale ted’ si
jen piedstavte, Ze by se to rozsifilo i na nas, kdybyste byli zvednuti do ¢tvrté dimenze a
prevraceni v té dimenzi a poté umisténi zp&t do naseho trojrozmérného vesmiru byste byli
Upln¢ obraceni, vase srdce by bylo na Spatné strané vaSeho téla, jakdkoli mateiska znaménka
by byla na $patné stran¢ a vy byste byli (pIn¢ zrcadlenou verzi sebe sama néceho, co sami
jsme nemohli dosédhnout ve 3D svété, takze jo, to je v podstaté podivnost étvrté dimenze, i
kdyZ myslenka jedné dal$i prostorové dimenze piedpovézend Cluesem a Kleinem vymiela
mysSlenku dalSich dimenzi, neni to pfili§ Zivé a dnes nejslibnéjsi teorie, kterd by ke sjednoceni
zakladnich sil pouzivala dalsi dimenze, je teorie strun, teorie strun nahrazuje myslenku, ze
bodova ¢astice elektrony nebo neutrina atd. co tvoii nas vesmir a misto toho fika, ze v
mnohem mensim métitku, na planckovych skalach pokud jste hodné¢ priblizili, kazda ¢astice
je jen vibrujici struna a jsou to vibrace téchto strun, které urcuji vlastnosti, které pozorujeme
jako hmotu-hmotnost naboj a tak dale, ¢astice jsou ve skutec¢nosti jen stejny fetézec hrajici
rizné noty a je to fada moznych not, které tvoti vse, co v naSem vesmiru pozorujeme, Vidét,
ze existuji ¢tyti z&kladni sily ptirody, silna jaderna sila, ktera drzi jadro atom spolec¢né slaba
jaderna sila odpovédna za radioaktivni rozpad atomu elektromagneticka sila, kterd zptasobuje,
7e se nabité ¢astice navzajem odpuzuji nebo ptitahuji, a potom gravitace tii ze ¢tyt 1ze popsat
kvantovou mechanikou, ale gravitace je v tuto chvili licha

03) gravity cannot be explained at the quantum scale where quantum effects can't be ignored
as in quantum mechanics and general relativity don't seem to get along and thus we have not
unified all the fundamental forces of nature but string theory says that one of the vibrations of
these tiny strings that make up our universe yields the graviton a particle that carries
gravitational force and this explanation would finally describe gravity according to the
principles of quantum mechanics just like the other three forces no we have not detected or
discovered these so right now this is speculation but this could be what helps us create a
theory of everything but it's the mathematics of string theory where things get interesting
because as you can guess the math says that higher dimensions not just might exist but are
required to exist in order for string theory to work in fact if strings only existed in three or
four dimensions then string theory wouldn't unify the laws of physics as we hope that it
should how many dimensions that are predicted kind of depends on which specific part of
string theory are looking at for example bosonic string theory predicts 26 dimensions super
string theory predicts ten dimensions and M theory predicts eleven dimensions now all the
sources | could find say it's extremely difficult to explain why these dimensions are required
without getting very technical many will just say that meaningless or unwanted terms appear
whenever you do the math but they go away when you fix the dimensions to ten or twenty six
for example in those dimensions the math just works out among all the mathematical jargon
though you'll encounter something called modular forms a lot and something more specific is
Ramanujan's theta function which has direct applications to string theory physicists say it's
deep within this kind of math that you find why extra dimensions must exist but these
definitely aren't trivial and aren't met in for a video like this what we can talk about though is
how the extra dimensions that are predicted aren't what you think we talked before about a
four dimensional creature taking us on a tour of their universe but that isn't what theories
predict physicists believe not that there are these higher dimensions that are large and extend
beyond ours rather the extra dimensions are very small and curled up and by very small we
mean similar to the length of a string close to something like 10 to the minus 30 a--the meters
in fact we saw this before with clues of Klein theory that one extra spatial dimension mean



curled up on top of our own as in this extra dimension would exist everywhere around us but
it'd be too small to experience meaning as you move your hand through the air you'd
essentially circumnavigate these dimensions unable to really them due to their size to give
some more intuition of this physicists commonly used the analogy of an ant on a cable from
far away the cable seems one-dimensional to us and to quantify where the ant is you just need
one number the distance from one of the ends like it's a meter stick but when you zoom in
there's another dimension the ant has access to it can move around the cable in that circular
path there's another dimension that's curled up which isn't noticeable from far away it's not an
extended dimension like that of the cable itself or a sheet of paper but the extra dimension is
there and just curled up in a way that only a small creature has real access to so if there are
extremely small dimensions curled up everywhere around us we would not have access to
them but you know what would extremely small objects like maybe strings that make up the
smallest elementary particles we know of these could vibrate in those higher dimensions
however we said that strings need much more than three four or even five dimensions to
vibrate in so instead of the one extra curled up dimensions addicted by Kaluza and Klein
some physicists now say there may be very small six dimensional shapes curled up all around
us known as khalaby Yau spaces the geometry of these and how they're intertwined is actually
critical in string theory because the geometry of the actual dimensions plays a role in
determining how the tiny strings can vibrate and remember the specific mode of vibration
corresponds to a specific particle and its properties and if you're wondering why six
dimensions just remember that on top of the four dimensions we know of three space in one
of time adding six more makes ten dimensions which is what we said super string theory
predicted but a follow-up question that may come up is why would there be six curled up
dimensions but four dimensions that are extended and as with many of these theories we don't
know one idea is that all the dimensions were curled up and when the Big Bang

03) gravitaci nelze vysvétlit na kvantove Skale, gravitace je nelinearni, kdezto ony tii ostatni
sily jsou linearni. kde kvantové efekty nelze ignorovat, protoze v kvantové mechanice a
obecné relativite se zda, Ze spolu nevychazeji, a proto jsme nesjednotili vSechny zakladni sily
piirody, ale teorie strun {ikd, Ze jedna z vibrace téchto drobnych tetézca, které tvoti nas
vesmir, davaji graviton-castici, kterd nese gravitacni silu, ?? a toto vysvétleni by konecné
popsalo gravitaci podle principa kvantové mechaniky, a to je co ? ten princip, co fika ? stejné
jako ostatni tii sily, které jsme zatim nezjistili ani neobjevili toto je spekulace, ale to by nam
mohlo pomoci vytvofit teorii vieho. Ale je to matematika teorie strun, kde se véci stavaji
zajimavymi, protoze jak si domyslite, matematika fika, Ze vy$si dimenze nejenze mohou
existovat, ale musi existovat i za G¢elem fetézce ( co je mysleno zde tim ,,fetezcem* ? ) teorie
funguje ve skutecnosti, kdyby fetézce existovaly pouze ve tiech nebo ¢tyiech rozmérech, pak
by teorie fetézeu nesjednotila zakony fyziky, jak véiime Ze by to mélo byt, kolik dimenzi,
které jsou predpovidany, zavisi na tom, na kterou konkrétni ¢ast teorie strun se divame,
napiiklad bosonicka teorie strun predpovida 26 dimenzi superstrunova teorie predpovida deset
dimenzi a M teorie piedpovida jedenact dimenzi. Trochu tapu, a jak sem mirné pochopil tak
zde autor vysvétluje-ukazuje jiny nédhled na ,,vyssi dimenze* od pojeti Kalusy-Kleina a...a na
,VyS$i dimenze ( 26 nebo 10 nebo 11 ) v pojeti teorie strun ¢ili ,,néjakych fetézclt. J& osobné
bych mé¢l tendenci stavét filozofii dimenzi tak, ze : ,,zékladni 3+3D dimenze* jsou
geometrického charakteru a vyssi dimenze jsou uz jen ,,matematického charakteru®. Vim, ze
bych to mél popsat a zdivodnit ,,proc¢*, ale to zatim neumim. Ty fecené ,,fetezce* mi evokuji
mé vize, ze by to mély byt ,,balickyx-vlnobalicky-geony* v nichZ jsou pouzity vyssi dimenze
MATEMATICKE...; i tu zazivam rozpor jak je mozné Ze by se ,,michaly” geometrické
dimenze s matematickymi dimenzemi (?) Mozna ptijde kouzelnik a vyda logiku, ze budou-li
,hase* geometrické dimenze pouzity ,,do balicki* stylem ,,zabaleni t¢ dimenze, pak téch




»extra-dimenzi mize byt obrovské mnozstvi...¢ili kazd4 geometrickd dimenze je-li skiivena
,,sbalena-zabalena® stava se tou ,,matematickou* dimenzi, je to nesmirn¢ t€zké vysvétlovat.
Nyni v8echny zdroje, které jsem nasel fici je nesmirné obtizné vysvétlit, ha, jsme dva pro¢
jsou tyto dimenze vyzadovany, aniz by byly velmi technické, ano, extra-dimenze jsou ( jsou
,hase“ 3+3D,ovSemzaklubi¢kované) potiebak ,,vyrobé hmotovych elementi
mnozi feknou, ze bezvyznamné nebo nechténé vyrazy se objevi vzdy, kdyz udélate
matematiku, ale zmizi, kdyz opravite dimenze na deset nebo dvacet Sest, napiiklad v téchto
dimenzich matematika prosté funguje mezi vSemi matematickymi zargony, i kdyz se setkate s
nécim, co se nazyva modularni formy, co to je ? a néco konkrétngjsiho je funkce theta od
Ramanujana, ktera ma ptimé aplikace na teorii strun, fyzici tikaji, ze je hluboko v tomto
druhu matematiky, Ze zjistite, pro¢ musi byt dalsi dimenze existuji, ale rozhodné nejsou
trividlni a nejsou spInény u videa, jako je toto, 0 ¢em muzeme mluvit asi je to, jak
ptedpovidané dalsi dimenze nejsou tim, o Cem si myslite, Ze jsme mluvili dfive o
¢tyfrozmérném stvoieni, které nas vezme na prohlidku jejich vesmiru, ale to neni to, o ¢em
teorie predpovidaji, Ze fyzici neveéfi, ze existuji tyto vyssi dimenze, které jsou velké a
piesahuji nase, spiSe jsou extra rozméry velmi malé a zvinéné = sbalené do geont a pod velmi
malymi méame na mysli podobnou délku fetézce=struny, ktera se blizi né¢emu jako 10 az
minus 30 a - metry jsme ve skute¢nosti vidéli diive s voditka Kleinovy teorie, Ze jedna dalsi
prostorova dimenze znamena stocena na nasi vlastni, protoze v této dalsi dimenzi by
existovala vSude kolem nas, ale bylo by pfili§ malé na to, abychom ji zazili, Kleintiv pohled
na ,,stocenou dimenzi ktera je ,,uchycena“ na nasich plochych dimenzich, to je mirn¢
nedomyslena tvaha...; podle me jsou vzdy ona ,,Kleinova kolecka* ( nazyvana extra-
dimenzi) zabudovana ve hmot¢, a existuji POUZE ve hmoté...takze mimo hmotu neexistuje
¢p 10ti rozmérny... vzdy v zékladni mtiZce-ptedivu 3+3D ( ktery je plochy i kiivy ) ,,plavou*
v Casoprostoru ony extradimenze ,,uvniti hmoty*...(( dokonce i takové elektronové neutrino,
které je tou nejjednodussi hmotovou cdastici ,, vyrobenou jen z jedné dimenze, z casové
dimenze“, tak tento elektronovy neutrinovy ,, balicek z jedné dimenze“ plave na té samé
casové dimenzi ploché)) kdyz budete pohybovat rukou vzduchem, kterym byste v podstaté
obchazeli tyto dimenze je nedokazou vzhledem ke své velikosti dat k dalsi intuici tohoto
fyzika bézné pouzivana analogie mravence na kabelu z dalky se ndm kabel zda byt
jednorozmeérny ((( a na tomto kabelu-dimenzi kdyz se ,, vali* klibicko z této jedné
dimenze=kabelu, tak to uz je elektronové neutrino))) a kvantifikovat, mravenec, staci jedno
¢islo na vzdalenost od jednoho z konct, jako je metr, ale kdyz pfiblizite, existuje dalsi
dimenze, k niZ ma mravenec pristup, maze se pohybovat po kabelu v kruhové dréze, je zde
dalsi dimenze, ktera je sto¢ena coz neni z dalky patrné, neni to rozsirenad dimenze, jako je
samotna kabelaz nebo list papiru, ale ta extra dimenze je tam a je stocena tak, ze k ni ma
skute¢ny pristup pouze male stvoieni, je vidét Ze to jsou ,,lidské predstavy* a mohou byt
nuancovany ... to znamena ze neni logického abstraktného divodu k potlaceni mé vize, ze
kdyz se ,,zaklubickuji* dimenze do sebe, Ze tento utvar uz je hmotou, ma povahu a projevy
hmotoveé, ma spin, ma naboj, ma hmotnost, ma dalsi vlastnosti vzeslé z topologického
provedeni sbaleni nékolika dimenzi. Nehledejte extra-dimenze mimo hmotu... takze pokud
existuji extrémné malé rozméry stocené tak jsou to klasické elementarni ¢astice ; po Tresku
zahajovaly existenci kvarky a leptony, pak bozony a dél se spojovaly tyto geony-bali¢ky do
,Vyssich kiivosti® a byly z nich baryony, mezony, atomy, molekuly, slouc¢eniny...DNA. Ano,
extra-dimenze nevidime, jsou malé, protoZe jsou ,,zabudovany* do téch malych elementarnich
Castic hmoty — tam je najdete jako ,,sto¢ené dimenze. vSude kolem nas bychom k nim neméli
piistup, ale vite, co by extrémné malé objekty jako treba retézce, co si predstavuji strunafti pod
pojmem ,.fetézec ? pro¢ by to nemohly byt geony-balicky ? které tvoii nejmensi elementarni
castice, jsme téééémét u stejného cile : ja v HDV fikam ,,balicky* vyrobené sto¢enim dimenzi
a teorietiCti strunafi fikaji témuz ,,fetezce z deseti dimenzi délkovych a jedné casové...o



kterych vime, mohly vibrovat v téchto vyssich dimenzich, Bohuzel, fyzikové strunafi prednasi
7e ,fetézec™ je struna z Niceho , a ta pak vibruje ,,d@ 10ti dimenzi* a to je Spatna uvaha. Je tu
nedotazena logika zda vibrace vyrabi ony extra dimenze, anebo vibrace ,,pronikajit do
predem pfipravenych 10+1 dimenzi..atd. To je nedotazené a nepromyslené ale fekli jsme, Ze
fetézce potirebuji hodné vibrovat vice nez tii étyfi nebo dokonce pét dimenzi, ? fetezce

Z HICEHO* potiebuji 5 dimenzi a do nich vibriji ? A...a kdyz nevibruji, tak taky mame na
stole 5 extra-dimenzi ? a k ¢cemu ? takze misto jedné extra sto¢ené dimenze zavislé na Kaluze
a Kleinovi nektefi fyzici nyni fikaji, Ze mtize existovat velmi mala Sest dimenzi Nativni tvary
stoc¢ené vsude kolem nas, znamé jako Khalaby Yauovy variety, jejich geometrie a to, jak se
prolinaji, je ve skute¢nosti v teorii strun rozhodujici, protoze geometrie skutecnych dimenzi
hraje roli pti ur¢ovani toho, jak malé struny mohou vibrovat a pamatovat si konkrétni rezim
vibraci odpovida konkrétni ¢astice a jejim vlastnostem a pokud vas zajima, proc si Sest
dimenzi pamatuje, ze na vrcholu ¢tyf dimenzi vime, Ze v jednom okamziku je tii prostor,
pridani dalSich Sesti znamena deset dimenzi, coz jsme tekli super teorie strun piedpovézena,
ale nasledna otazka, kterd muze pfijit, je, pro¢ by existovalo Sest stocenych dimenzi, ale ¢tyfi
dimenze, které jsou rozsifené a stejné jako u mnoha téchto teorii nezname jednu myslenku je,
ze vSechny dimenze byly stoceny a kdyz velky ttesk Toto je to abstraktni vize ,,poseSivana z
n¢jakych Sroubkil a maticek® pro vymodelovani radobysmysluplné pohadky...pohadla pro
pohadku. Zkuste se zamyslet nad HDV.

04) happened four dimensions expanded but six did not creating the universe we live in now
but either way string theory does predict curled-up extra dimensions different from what we're
used to and string theory doesn't just explain elementary particles but space-time as well in
fact when physicists went through the mathematics of string theory Einstein's equations
emerged like by magic this happened without assuming any of his equations to begin with and
it completely shocked physicists at first even one said it would have been totally possible for
us to discover string theory first and then use that to derive Einstein's equations so we'll string
theory be the thing that changes the way we see the universe and do these other worlds exist
beyond ours we just don't know at the moment deep within the math we find things that give
us hope for we've discussed here but how close we are to experimentally determining any of
this is very much up for debate now beyond what was shown here there are so many more
strange theories that exists like physicists have talked about the idea of an extra curled
dimension of time whatever that would look like and how that could help explain our universe
there's the idea that black holes lead to parallel universes and so much more if these types of
things interest you I'll provide some resources below you can also learn plenty more over at
curiosity stream who | like to thank for sponsoring this video curiosity stream is a streaming
service that hosts thousands of documentaries and nonfiction titles spanning history physics
and the universe technology nature and plenty more if you enjoyed the content of this video
then you will not be disappointed by what they have to offer for example their horizon
episode of parallel universes include several of the topics we discussed here and much more
you'll explore the different versions of string theory in more detail and the reasons for the
extra spatial dimensions they go into whether there was time before the Big Bang why the
idea of an 11th dimension was such an important discovery and of course could there be
parallel universes beyond our own founded by John Hendricks aka the founder of the
Discovery Channel curiosity stream is an extremely affordable streaming service and only
$2.99 a month now satisfy anyone with a strong desire to learn explore and understand the
world and universe around us the service is available on a variety of platforms worldwide
including Roku Android Xbox one Amazon fire Apple TV and more then if you go to
curiosity stream comm slash major prep or click the link below and use the promo code major
prep you get your first month's membership completely free this gives you unlimited access to



top documentaries and nonfiction series that | know many of you will find very interesting so
again links are below and with that I'm going to in that video there if you guys enjoyed be
sure to LIKE and subscribe don't forget to follow me on Twitter and join the major Facebook
for updates on everything hit the bell if you're not being notified and I'll see you all in the next
video

04) stalo se, Ze ¢tyfi dimenze se rozsitily, pokud ano, fikejme Ze se ,,rozbalily* z kiivych
stavi do témét plochych siti... ale Sest nevytvotilo vesmir, ve kterém nyni zijeme, ale v obou
piipadech teorie strun piedpovida zvinéné dalsi dimenze odlisné od toho, na co jsme zvykli,
HDV ptedpovida smotané-zabalené dimenze do hmotovych elementt a na takovy poznatek
také nejsme zvykli...; takze ,,kvalita®“ navrhu je stejna...a teorie strun nevysvétluje pouze
elementarni ¢astice, ( coz jsou mody vibracni jakychsi strun z Niceho ,,do* nerozbalenych
extra dimenzi, asi 10ti délkovych které nemuzeme vidét - fika TS ) ale ¢asoprostor jako ve
skute¢nosti, kdyz fyzici prosli matematikou teorie strun, Einsteinovy rovnice se objevily jako
magie, stalo se to bez predpokladu, ze by zacaly n¢které z jeho rovnic, a fyzici to nejprve
UplIné sokovalo, dokonce i jeden fekl, Ze by bylo pro nas zcela mozné objevit nejprve teorii a
poté ji pouzijeme k odvozeni Einsteinovych rovnic, takze strunova teorie bude véc, ktera
zméni zptisob, jakym vidime vesmir a jak tyto dalsi svéty existuji mimo nas, jen v tuto chvili
nevime hluboko v matematice, kterou najdeme véci, které nam davaji nadgji, ? o kterych jsme
zde diskutovali, ale jak blizko jsme k experimentalnimu uréeni ¢ehokoli z toho, je nyni hodn¢
na diskusi nad ramec toho, co se zde ukazalo, tolik podivnych teorii, které existuji, jako
fyzici, hovorilo o myslence extra zvinéne dimenze ¢asu, at’ uz by to vypadalo jakkoli a jak by
to mohlo pomoci vysvétlit nas vesmir, existuje myslenka, ze ¢erné diry vedou k paralelnim
vesmiram a jes$té mnohem vic, pokud tyto typy véci, které vas zajimaji, poskytnu vdm nékteré
zdroje nize, muzete se také dozveédét mnohem vice na streamu zvédavosti, kterému bych rad
podékoval za sponzorovani tohoto videa. Vesmir technologie ptiroda a spousta dalsiho, pokud
jste si uzili obsah tohoto videa, pak nebudete zklaméani tim, (( nazev ¢lanku se jmenuje
,Pokud existuji vy$s§i dimenze, nejsou to, co si myslite*, bohuzel jsem se nedozvédél ,,co to
jsou ty vyssi dimenze“ v ocich autora )) co mohou nabidnout, napiiklad jejich horizontalni
epizoda paralelnich vesmira zahrnuje nékolik témat, o kterych jsme zde diskutovali, a
mnohem vice prozkoumate rizné verze teorie strun ? podrobnéji a davody pro dalsi
prostorové dimenze, Kde jsou ty davody ? které se tykaji toho, zda byl ¢as pied Velkym
treskem, Kde jsou ty diivody ? pro¢ byla myslenka 11. dimenze tak dilezitym objevem Kde
jsou ty duvody ? a samoziejmé by mohly existovat paralelni vesmiry mimo nas vlastni
zalozeny Johnem Hendricksem aka zakladatelem kuriozitniho proudu Discovery Channel je
extrémné dostupna streamovaci sluzba a pouze 2,99 $ za mésic uspokoji kohokoli se silnou
touhou ucit se prozkoumat a porozumét svétu a vesmiru kolem nas, sluzba je k dispozici na
raznych platformach po celém svété, veéetné Roku Android Xbox one Amazon fire Apple TV
a dalsi, pokud piejdete na kuriozitu stream comm slash major prep nebo kliknéte na odkaz
nize a pouzijte promo kod major prep ziskate ¢lenstvi v prvnim mésici zcela zdarma, coz vam
dava neomezeny piistup k nejlepsim dokumentarnim a popularné nauc¢nym serialam, o
kterych vim, Ze mnoho z véas bude velmi zajimavych, takZe opét odkazy jsou niZe as nimi
Chystam se v tom videu tam, pokud se vam to libilo, ur¢ité LIKE a ptihlaste se, nezapomeite
meé sledovat na Twitteru a pripojit se k majo r Facebook pro aktualizace o v§em zasahne
zvonek, pokud nejste upozornéni, a uvidime se vSichni v dal$im videu ... Pokud existuji vyssi
dimenze, nejsou to, co si myslite ??
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