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How Simple Math Led Einstein to Relativity
Jak jednoducha matematika pfivedla Einsteina k relativité
172 094 zhlédnuti 30. 3. 2024 ja oteviel 30.07.2024

Einstein turned the world on its head in November of 1919, when data collected during a solar
eclipse matched the predictions of his Theory of General Relativity. But Einstein’s path to
discovering his theory traces back much further, to when he was 12 years old and he first
learned about an ancient mathematical method... Special thank you to Professor
@AlexKontorovichMath of Rutgers University and Museum of Mathematics (MoMath) for
his help and participation.

*A Note about how I use Al generated images in my videos* The emerging ability of
artificial intelligence to generate compelling images from text prompts opens new possibilities
for compelling storytelling. However, when mixed with real historical imagery, as is in my
video, it has the potential to create confusion, or worse, if not handled properly. | have set a
few guidelines for my use of Al generated images in this video so that a viewer can easily
understand which images are real photographs and which are synthetically generated: ALL
images that have been placed in a “frame” (eg a border that resembles an old photo print, etc)
are REAL historical images. ALL images that include Einstein's full face, as well as all World
War | related images, are REAL historical images. | have used Midjourney Al to create
“stock” image elements including backgrounds, illustrations, and objects. I have used
Midjourney Al to create some images that are implied to be of Einstein. In these, Einstein’s
face is FULLY OR PARTIALLY OBSCURED. Please send me a message or drop a
comment and I'll be happy to clarify any specific images.

Einstein obratil svét na hlavu v listopadu 1919, kdy data shromazdéné béhem zatméni Slunce
odpovidala pfedpovédim jeho teorie obecné relativity. Ale Einsteinova cesta k objeveni jeho
teorie sahd mnohem dale, az do doby, kdy mu bylo 12 let a poprvé se dozvédél o starovekeé
matematické metod¢... Zvlastni pod€kovani patii profesorovi @AlexKontorovichMath z
Rutgersovy univerzity a Muzea matematiky (MoMath) za jeho pomoc a ticast. *Pozndmka o
tom, jak ve svych videich pouzivam obrazky generované umélou inteligenci* Objevujici se
schopnost umé¢lé inteligence generovat plisobivé obrazky z textovych vyzev otevird nové
snimky, jako je to v mém videu, miiZe to zplsobit zmatek, nebo hiif, pokud se s nim
nezachdzi spravné. Nastavil jsem né€kolik pokynii pro mé pouziti obrazkti generovanych
umélou inteligenci v tomto videu, aby divak snadno pochopil, které obrazky jsou skute¢né
fotografie a které jsou synteticky generované: VSECHNY obrazky, které byly umistény do
ramecku* (napf. pfipomina stary tisk fotografii atd.) jsou SKUTECNE historické obrazky.
VSECHNY obréazky, které obsahuji Einsteinovu plnou tvaf, stejné jako viechny obrazky
souvisejici s prvni svétovou valkou, jsou SKUTECNE historické obrazky. Pouzil jsem
Midjourney Al k vytvoteni ,,zakladnich* obrazovych prvkl véetné€ pozadi, ilustraci a objektt.
Pouzil jsem Midjourney Al k vytvoteni nékterych obrazki, které jsou naznaceny jako
Einstein. V nich je Einsteinova tvai ZCELA NEBO CASTECNE ZATMENA. Napiste mi
prosim zpravu nebo napisSte komentaf a ja vam rad upfesnim konkrétni obrazky.


https://www.youtube.com/watch?v=32zg2FGX4cA
https://www.youtube.com/@AlexKontorovichMath
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(01)- On November 7th 1919 Albert Einstein became a household name seemingly overnight
when data collected during a solar eclipse match the predictions of his theory of general
relativity the stars in the sky those Eternal Points of Light they had moved precisely how he
said they would and it changed physics forever Einstein's crowning achievement came after
years of false starts and failures but he had started with the same methods that he used to
reach his other great breakthroughs dreaming up elegant thought experiments based around a
few simple assumptions uniting ancient mathematical methods with cuttingedge science this
approach cut to the core of who Einstein had been since childhood at 12 years old he had a
taste of this creative problem solving his uncle showed him a 4,000-year-old formula and by
using intuition and visual logic Einstein found his own proof of the theorem what he didn't
know at the time was that this anci math formula and the methods that he used to make his
argument would later lead him to shake the very foundations of what mankind thought it
knew about the universe this Magazine from 1949 has an essay that Einstein wrote when he
was 67 he'd had a momentous life he talks about his great discoveries but he actually starts
with memories from childhood and the things that stuck with him tell us something
fundamental about how Einstein saw the world [Music] [Music] once Einstein learned this
formula from his uncle he wanted to show that it was true in his essay he writes that after
much effort | succeeded in proving this theorem on the basis of the similarity of triangles
Einstein never publicly described this proof himself but he supposedly showed it to one of his
assistants years later and the story made its way into this book from 1991 so let's imagine
what this would look like to a 12-year-old Einstein Einstein always had a knack for describing
things visually and this early example is no different the goal here would be to show that the
two smaller squares somehow fit together and take up the same amount of area as the larger
square there's a sense of proportionality to this figure different parts look like scaled up or
down versions of other parts and that ends up being the key to the whole thing Einstein found
two different types of proportionality that he was able to bring together into his final
explanation here's the first instead of trying to fit these little squares inside of the biggest
Square why don't we just cut them if | cut them all in half then I get three triangles since | just
haved everything finding a way to fit the two smaller triangles inside the big one would be
equivalent to our original problem if I wanted to | could even cut them in half again now each
triangle is a quarter of the original size but since everything is still proportional I can still get
back to my original squares just by multiplying everything by four by this logic I could cut the
squares into any shape | want as long as it's still a scaled copy of the same shape in each
square if | wanted to | could cut them into rubber duckies | wouldn't necessarily know what
fraction of the entire Square my ducky is but I could say that I'm multiplying everything by
some number D for ducky again if | can show that the two smaller duckies fit inside the
bigger ducky then I'd be good to go but cutting the squares into duckies it doesn't actually
make our job any easier so Einstein also recognized a second type of proportionality in this
figure he drew a single line down the middle of the triangle now he has two new smaller
triangles that are themselves each proportional to the original we know for sure that they're
proportional because first of all all three of them have 90° angles we can also see that the
triangle on the left shares one of its angles with the original big triangle and the triangle on the
right shares one of its angles with the big triangle too in each case we have two pairs of
congruent angles so we know that the third angle also has to be congr rent because the sum of
the angles inside of a triangle is always 180° if all three of these triangles are proportional



well going back to the first idea that would mean that I'm allowed to cut them into my squares
once again | don't necessarily know what fraction of the entire Square they are that would be
different depending on the exact shape of my right triangle but I could say that | multiply by a
number t for triangle in the same way that | multiplied by D for my rubber ducky shape so
now all I would have to do would be to show that the area of the two small triangles adds up
to the area of the big triangle and of course we know that's true because that's where we
startedsosince T *a* 2+ T * b2 =T * ¢"2 it's also true that a*2 + B2 = ¢/2 this must have

(01)- 7. listopadu 1919 se Albert Einstein stal znamym zdanlivé pies noc, kdyz data
shromazdéné béhem zatméni Slunce odpovidala predpoveédim jeho teorie obecné relativity
hvézdy na obloze ty vééné body svétla, kterymi se pohybovaly presné tak, jak fikal. Navzdy
zménil fyziku Einsteintv vrcholny uspéch prisel po letech falesSnych zacatkl a netispéchii, ale
zacal se stejnymi metodami, které pouzival k dosazeni svych dalSich velkych praloma, kdyz
snil o elegantnich myslenkovych experimentech zaloZenych na nékolika jednoduchych
ptedpokladech spojujicich starovéké matematické metody s Spickova véda, tento pfistup se
zamétil na jadro toho, kym byl Einstein od détstvi, ve 12 letech okusil tento kreativni
problém, ktery tesil jeho stryc, ukdzal mu 4000 let stary vzorec a pomoci intuice a vizualni
logiky nasSel Einstein sviij vlastni diikaz teorému, co v té dob¢ nevédél, bylo, ze tento anci
matematicky vzorec a metody, které pouzil ke své argumentaci, ho pozdéji ptivedly k otiesu
samotnymi zaklady toho, co si lidstvo myslelo, ze vi o vesmiru, z tohoto ¢asopisu 1949 ma
esej, kterou Einstein napsal, kdyz mu bylo 67, mél vyznamny Zivot, mluvi o svych velkych
objevech, ale ve skutecnosti zacina vzpominkami z détstvi a vécmi, které mu utkvély, ndm
fikaji néco zasadniho o tom, jak Einstein vidél svét [ Hudba] [Hudba] jakmile se Einstein
naudil tento vzorec od svého stryce, chtél ukazat, ze je to pravda, ve své eseji pise, ze po
velkém usili se mi podafilo dokézat tuto vétu na zakladé€ podobnosti trojihelnikl Einstein
tento diikaz nikdy vefejné nepopsal sam, ale udajné to po letech ukazal jednomu ze svych
asistentl a ptibéh se dostal do této knihy z roku 1991, takze si pojd’'me predstavit, jak by to
vypadalo pro 12letého Einsteina. Einstein mél vzdy talent popisovat véci vizualné a tento
prvni piiklad se nijak nelisi, cilem zde by bylo ukazat, Ze dva mensi ¢tverce do sebe néjakym
zpusobem zapadaji a zabiraji stejnou plochu jako vétsi ¢tverec, existuje pocit imérnosti k
tomuto obrazku, rizné ¢asti vypadaji jako zmensené nebo zmenSené verze dalSich ¢asti a to se
nakonec stalo kli¢em k celé véci. Einstein nasel dva rlizné typy proporcionality, které dokazal
spojit do svého kone¢ného vysvétleni, tady je prvni misto toho, aby se snazil vmeéstnat tyto
malé ¢tverecky do nejvétsiho Ctverce, pro¢ ne. Neroziizneme je, kdyZ je vSechny rozpilim,
dostanu tfi trojuhelniky, protoZe jsem prosté musel najit zplisob, jak umistit dva mensi
trojuhelniky do toho velkého, bylo by ekvivalentni naSemu piivodnimu problému, kdybych
chtél, mohl bych dokonce roziiznéte je znovu na polovinu, nyni mé kazdy trojthelnik ¢tvrtinu
pluvodni velikosti, ale protoze je vSe stale proporcionalni, stale se mohu vratit ke svym
puvodnim ¢tverctim pouhym vynédsobenim vSeho ¢tyfmi touto logikou, mohl bych ¢tverce
roziezat do libovolného tvaru, jak chci pokud je to stdle zmenSena kopie stejného tvaru v
kazdém ctverci, kdybych chtél, mohl bych je nakrajet na gumové kachnicky, nemusel bych
nutné védet, jaky zlomek celého ¢tverce je moje kachnicka, ale mohl bych fici, Ze vSe
nasobim opét o n¢jaké ¢islo D pro kacery, pokud mohu ukazat, Ze dv€ mensi kacenky se
vejdou do veétsi kacery, pak bych byl dobry, ale krjet ¢tverecky na kacery nam ve skuteCnosti
neusnadiiuje praci, takze Einstein také uznal druhy typ proporcionality na tomto obrazku
nakreslil jednu ¢aru uprostied trojuhelniku, nyni ma dva nové mensi trojuhelniky, které jsou



samy o sob¢ uméerné originalu, vime jisté, Ze jsou proporcionalni, protoze piedevsim vSechny
tf1 z nich maji tthly 90°, mtizeme také vidét, Ze trojihelnik nalevo sdili jeden ze svych uhla s
pivodnim velkym trojihelnikem a trojuhelnik napravo sdili jeden ze svych uhli s velkym
trojuhelnikem, v kazdém piipadé mame dva pary shodnych uhli takze vime, ze tfeti uhel také
musi byt shodny, protoze soucet uhli uvnitt trojahelniku je vzdy 180°, pokud jsou vsechny tii
tyto trojithelniky proporcionalni, dobfe se vratime k prvni myslence, coz by znamenalo, Ze
smim abych je znovu roziezal na své ¢tverce, nemusim nutné védét, jaky zlomek celého
Ctverce to jsou, ktery by se 1iSil v zavislosti na piesném tvaru mého pravouhlého trojuhelniku,
ale mohl bych fici, Ze vynasobim ¢islem t pro trojuhelnik v stejnym zpisobem, jakym jsem
vynésobil D pro sviij tvar gumové kachny, takze nyni bych musel pouze ukazat, ze plocha
dvou malych trojuhelnikt se s¢itd s plochou velkého trojuihelniku a samoziejmé vime, ze je to
pravda, protoze to je kde jsme zacali, takze od T * a*2 + T * b2 =T * ¢2 ; je také pravda,
zea’2 +B2=c"2tomusimit... T.a?+T.b?=Tc? ; a?+B2=c? 2777777

(02)- been an exciting thing for 12-year-old Einstein by just scaling something
proportionally and then cutting the shapes up and putting the pieces together again like a
puzzle he's shown with certainty that this thing is true what he was going to learn just a little
later was that he was actually using a loose version of something called the axiomatic method
which is thousands of years old the idea is that we start with a few basic concepts that we
accept to be true called axioms or postulates and then we build on top of them Brick by
logical brick we have these these basic basic axioms and if you believe these basic axm by
pure logic you can construct these amazing facts that you're like really that's true and you're
like here's why you know here's the completely rigorous uh uh sequence of logical steps that
will that will convince you that this this fact is is true in Einstein's case he wrote that it
seemed to me evident that the relations of the sides of the right angled triangles would have to
be completely determined by one of the acute angles only something which did not in similar
fashion seemed to be evident appeared to me to be in need of any proof at all it sounds like he
accepted some of what we just described about proportionality as being true without proof
and then built his argument from there soon Einstein was given a book of ukan geometry
seeing page after page of this auma method in action was such a revelation that he called the
book holy when he remembered it years later this idea of using the aaic method to discover
new knowledge and the sense of trying to get to the most fundamental understanding of things
were like guiding lights for Einstein for many years to come Einstein always had a talent for
Math and Science but when he was young following his curiosity took priority over pleasing
his teachers he' push back against his teachers at his regimented German high school and by
college he would often skip math class altogether to pass his college math tests he'd copy
notes from his friend Marcel Grossman one of his professors at the time Hermon manovski
later remembered that Einstein was like a a Lazy Dog in his class after Einstein learned
calculus as a teenager | get the sense that he kind of said what | hear a lot of other students say
which is when am | ever going to use this math again in my life as far as those classes that
Einstein didn't think were worth his time differential equations geometry of numbers and
others he was at least partly

that math that he was supposed to have learned in college but before long he' once CE again
cross paths with both minkovski and Grossman and finally come to appreciate the power of
this advanced math that he had previously ignored much later Einstein wrote that it was not
clear to me as a student that a more profound knowledge of the basic principles of physics



was tied up with the most intricate mathematical methods by the time Einstein graduated
college in August of 1900 he was ranked fourth out of a class of five people after college
Einstein struggled he spent a couple of years failing to get a job and also failing to write a
science paper good enough to earn him his PhD but in 1902 Grossman got his dad to call in a
favor and help Einstein get a job as a clerk at the lowest level of the Swiss patent office the
job was boring and the hours made it so that Einstein couldn't get to the library before it
closed to do research but by 1905 practically out of nowhere Einstein published four
groundbreaking papers including one that's considered the origin of quantum physics and
another on what's now known as special relativity these papers taken together form the basis
of modern physics and 1905 has come to be known as Einstein's miracle year but these were
not like typical physics papers for starters Einstein didn't base his arguments on any
experiments or even really cite much of anybody else's work and not only that the math didn't
really go above a high school level instead he relied on the approach that he was so excited to
discover back when he was 12 the axiomatic method in his paper on special relativity after
pointing out a puzzling contradiction in the current science of electromagnetism he makes his
argument for a solution first he proposes two ideas that he says he's going to accept as
postulates or axioms from there he writes a logical argument that leads to a radical rethinking
of Concepts like time and distance upending what had been accepted as fundamental laws of
physics since the time of Isaac Newton his first Axiom was that the same physical laws apply
to any frame of reference including the laws of Optics and electricity in other words there's no
experiment that you could do that would let you make a distinction between being at rest and

(02)- pro 12letého Einsteina to byla vzrusujici véc tim, Ze prosté néco proporcionalné
zmenS$il a pak tvary roziezal a kousky znovu slozil dohromady jako puzzle, s jistotou ukazal,
ze tato véc je pravdiva, co se chtél naucit jen o néco pozdé€ji bylo, ze ve skute¢nosti pouzival
volnou verzi néc¢eho, co se nazyva axiomatickd metoda, ktera je stara tisice let, myslenka je,
7e zacneme s nékolika zakladnimi koncepty, které povazujeme za pravdivé, nazyvanymi
laxiomy nebo postulaty, a pak sestavujeme .Kromé nich mame tyto zékladni axiomy, a pokud
témto zédkladnim axiomlm véfite Cistou logikou, miiZete sestavit tato tZzasna fakta, ze jste jako
opravdu to je pravda a jste jako tady, proto vite, ze tady je naprosto piisny sled logickych
krok, které vas presvédci, Ze tato skutecnost je pravdiva v ptipad¢é Einsteina napsal, Ze se mi
zd4 evidentni, ze vztahy stran pravouhlych trojuhelnikd by musely byt zcela uréeny jeden z
ostrych uhld pouze néco, co se nezdalo byt zjevné podobnym zplisobem, se mi zdalo, ze
potiebuje viibec néjaky ditkaz, zni to, jako by pfijal néco z toho, co jsme praveé popsali o
proporcionalité, jako pravdivé bez diikazu a pak to postavil jeho argument odtud brzy dostal
Einstein knihu geometrie ukan, ? kdyz vid¢l stranku za strankou této metody auma ? v praxi,
bylo takoveé zjeveni, Ze nazval knihu svatou, kdyZ si na ni po letech vzpomnél, tato myslenka
pouziti metody aaic ? k objevovani novych znalosti a smysl pro snahu dostat se k
nejzakladnéjsimu pochopeni véci byl pro Einsteina po mnoho let jako voditko pro Einsteina.
Einstein m¢l vzdy talent na matematiku a pfirodni védy, ale kdyz byl mlady, jeho zvédavost
méla ptednost pred potéSenim svych uciteld. Zatlacit proti svym ucitelim na své plukované
némecké stfedni Skole a na vysoke Skole ¢asto uplné vynechéval hodiny matematiky, aby
slozil testy z matematiky na vysoké Skole, kopiroval poznamky od svého ptitele Marcela
Grossmana, jednoho z jeho profesort v dobé, kdy si Hermon Manovski pozdéji vzpomnél,
ze Einstein byl jako liny pes ve své tfid¢ poté, co se Einstein jako teenager naucil kalkul, mam
pocit, Ze fekl to, co slySim fikat spousta jinych studentd, a kdy tuto matematiku n€kdy v




zivoté pouziji znovu. Nikdy, ale manipulace s ni mé nauci vice myslet... Jako ty t¥idy, o
kterych si Einstein nemyslel, Ze by staly za jeho cas, diferencidlni rovnice geometrie Cisel a
dalsi, byl alespoii ¢asteCn¢ ta matematika, kterou se m¢l naucit na vysoké skole, ale
zanedlouho se znovu dostane do kiizku s Minkovskim a Grossmanem a kone¢né¢ si uvédomi
silu této pokrocilé matematiky, kterou piedtim ignoroval mnohem pozd¢ji, mnohem pozdé&ji
Einstein napsal, Ze tomu tak neni. Je mi jako studentovi jasné, ze hlubsi znalost zakladnich
srpnu 1900 promoval na vysoké skole, byl po vysoké skole na ¢tvrtém misté ze tiidy péti lidi.
Neékolik let se trapil, protoze se mu nedafilo sehnat préci a také nedokazal napsat védeckou
praci, kterd by mu vynesla doktorat, ale v roce 1902 pfimél Grossmana svého otce, aby
pozadal o laskavost a pomohl Einsteinovi ziskat praci jako ufednik v nejnizsi uroven
Svycarského patentového uradu byla prace nudna a hodiny zptsobily, ze se Einstein nemohl
dostat do knihovny, nez se zaviela, aby provedl vyzkum, ale v roce 1905 prakticky z ni¢eho
nic Einstein publikoval ¢tyfi pritlomové ¢lanky, vCetné jednoho, ktery je povazovén za ptiivod
kvantové fyziky a dal$i o tom, co je nyni zndmé jako specidlni teorie relativity, tyto clanky
dohromady tvoii zdklad moderni fyziky a rok 1905 se stal znamym jako Einsteiniv zazracny
rok, ale pro zacatek to nebyly typické fyzikalni clanky. Einstein své argumenty nezalozil na
jakychkoli experimentech nebo dokonce skutecné citovat vétSinu prace nékoho jiného a nejen
to, Ze matematika ve skute¢nosti neptesahla stiredoskolskou uroven, misto toho se spoléhal na
ptistup, ktery byl tak nadSeny, Ze objevil, kdyz mu bylo 12, axiomatickou metodu v svou
praci o specialni teorii relativity poté, co poukdzal na zdhadny rozpor v soucasné véde o
elektromagnetismu, predklada svllj argument pro feSeni, nejprve navrhuje dvé myslenky,
které pry piijme jako postulaty nebo axiomy, odtud napise logicky argument, ktery vede k
radikalni prehodnoceni pojmii, jako je Cas a vzdalenost, ptevraceni toho, co bylo pfijimano
jako zakladni fyzikalni zakony od dob Isaaca Newtona, jeho prvniho axiomu, spocivalo v
tom, zZe stejné fyzikalni zakony plati pro jakykoli referenéni rdmec vcetné zdkon optiky a
elektfiny jinymi slovy: neexistuje Zadny experiment, ktery byste mohli udélat a ktery by vam
umoznil rozliSovat mezi klidem a klidem

(03)- being in perfectly uniform motion if you're flying in an airplane with the window
shades down pretend that we can't hear the engine then there's literally no difference between
your state of motion when the plane is flying and a different state of motion for example when
the plane is sitting on the tarmac by this logic there's no such thing as absolute rest all we can
do is talk about different objects moving relative to different reference points his second
axium seems like it contradicts the first it says that the speed of light in a vacuum is the same
for all frames of reference in other words no matter how fast you're moving it'll always look
like a light beam is traveling at the exact same speed building on these two axioms he goes
through a thought experiment involving a series of logical steps for measuring time and
distance by the end he's made the case for some pretty wild things he says that when you
travel close to the speed of light your length contracts in the direction of your motion and time
moves more slowly as measured by an outside Observer not only that but the apparent fact of
two events happening simultaneously is not absolute and instead depends on the state of
motion of the Observer this leads to all kinds of surprising results and apparent paradoxes the
YouTube channel float head physics has made a whole series of great videos explaining some
of these results of special relativity surprising things like what's known as the twins Paradox
I'll put a link in the description to a few of my [Music] favorites it's fair to say that the ideas in



these papers were completely revolutionary even though there were other people thinking
about this stuff nobody else was Radical enough to take them all the way to their logical
conclusions and throw out so much of what they thought they knew about the universe in the
process for example arri panare one of the titans of late 19th century math and physics
questioned the absolute nature of time and made important steps towards special relativity
before Einstein did but even by the time of his death in 1912 he still hadn't come around to
Einstein's full theory of special relativity insisting instead that absolute rest and absolute
simultaneity did exist relative to an undetectable Cosmic substance known as The Ether after
Einstein published these papers his life didn't change much it still took him three more years
to get a university job but gradually some influential thinkers picked up on his work and
started building on his theories one person who took special relativity and ran with it was
none other than Einstein's old math teacher Hermon minkovski minkovski found a way to
connect Einstein's ideas to formal mathematics through the concept of a four-dimensional
space time so what's a distance a distance is a sum of squares because of the Pagan theorem a
distance is a sum of squares so let's say we have three uh variables X Y and Z and what we're
used to is if I if I have some point out here | can express it in some number of x's some
number of y's and some number of Z's and that'll find me this point in space if we Square
those three values add them together and then take the square root of the sum then we'd be
using the Pythagorean theorem to find the distance from the starting point and then
minkovsky comes along and says okay but here's a way to make SpaceTime work when you
add that extra dimension of time you sum the squares of the space dimensions and you
subtract a square of the time Dimensions to measure distance it makes special relativity into a
geometric space msk's new system allowed him to mathematically model the predictions of
special relativity where the behavior of light forms the boundary for the possible motion of all
other objects in the universe since what we're describing as distance now includes the
measurement of time this value is often referred to as A Spacetime interval the geometry
that's that special relativity predicts is the geometry that's of the cone where the distances are
all zero let's make an analogy to three dimensions so we can see why this forms a cone the
Pythagorean theorem tells us that X2 + y"2 + z 2 equals the distance squar but what happens
if we describe like Behavior by making the Z Dimension negative and the distance equal to
zero well now we can move things around to get x2 + y*2 equal z*2 we can think of this as all
the points on X and Y that are a distance Z from the origin in other words it's the points on a
circle so when Z gets bigger the circle gets bigger and when it gets smaller the circle gets
smaller what we end up with is a cone where the edges make a 45° angle with the Z AIS so
Einstein special relativity again we start with the axium that the speed of light is constant and

(03)- byt v dokonale rovnomérném pohybu, pokud letite v letadle se stazenymi okennimi
clonami, predstirejte, Ze neslySime motor, pak neni doslova zZadny rozdil mezi vasim stavem
pohybu, kdyz letadlo leti, a jinym stavem napiiklad pohybu, kdyz letadlo sedi na asfaltu,
podle této logiky neexistuje zddnd takova véc jako absolutni klid, vSe, co miizeme ud¢lat, je
mluvit o riznych objektech pohybujicich se vzhledem k riznym referen¢nim bodiim, jeho
druha axium se zda byt v rozporu s prvni, fika, Ze rychlost svétla ve vakuu je stejnd pro
vSechny vztazné soustavy, jinymi slovy, bez ohledu na to, jak rychle se pohybujete, vzdy to
bude vypadat, jako by se svételny paprsek pohyboval piesné stejnou rychlosti na zékladé
téchto dvou axiom, kterymi prochazi myslenkovy experiment zahrnujici fadu logickych
krokli pro méfeni ¢asu a vzdalenosti na konci on se zabyval docela divokymi vécmi, tiké, ze



kdyz cestujete blizko rychlosti svétla, vaSe délka se zkracuje ve sméru vaseho pohybu a ¢as se
pohybuje vice pomalu, jak je méfeno vnéjSim pozorovatelem, nejen to, ale zdanlivy fakt, ze se
dvé udalosti d¢ji soucasné, neni absolutni a misto toho z&visi na stavu pohybu pozorovatele,
coz vede ke vS§em druhtim piekvapivych vysledki a zdanlivym paradoxtim fyzika plovouci
hlavy kanalu YouTube natocil celou sérii skvélych videi vysvétlujicich n€které z téchto
vysledku specialni teorie relativity prekvapujici véci, jako je to, co je znamé jako Paradox
dvojcat. Do popisu vlozim odkaz na n¢kolik mych oblibenych [Hudba], je fér fici, Ze napady
v téchto dokumentech byly naprosto revolucni, i kdyz o téchto vécech premysleli i jini lidé,
nikdo jiny nebyl natolik radikalni, aby je dovedl az k jejich logickym z&vértim a vyhodil tolik
z toho, co si mysleli, ze vi o vesmiru, napiiklad arri panare jeden z titdnti matematiky a fyziky
konce 19. stoleti zpochybnil absolutni povahu ¢asu a ucinil dtlezité kroky smérem ke
specialni teorii relativity dfive nez Einstein, ale ani v dob¢ své smrti v roce 1912 se stale
nedostal k uplné Einsteinové¢ teorii. specidlni teorie relativity, ktera misto toho trvala na tom,
7e absolutni klid a absolutni simultannost skute¢né existovaly vzhledem k nedetekovatelné
kosmické latce znamé jako Eter poté, co Einstein publikoval tyto &lanky, jeho Zivot se piilis
nezménil, stale mu trvalo dalsi tii roky, nez ziskal univerzitni praci, ale postupné vlivni
myslitelé se chopili jeho prace a zacali stavét na jeho teoriich jedna osoba, kterd ptijala
specialni relativitu a bézela s ni, nebyl nikdo jiny nez Einsteinliv stary ucitel matematiky
Hermon minkovski minkovski nasel zptsob, jak propojit Einsteinovy myslenky s formalni
matematikou prostfednictvim konceptu ¢tyiky -dimenzionélni asoprostor, takze co je
vzdalenost, vzdalenost je soucet ¢tverci kvili pohanské vété, vzdalenost je soucet Ctverc,
takze feknéme, ze mame tfi uh proménné X Y a Z a na co jsme zvykli je, kdyz ja kdyz j4 madm
tady néjaky bod, miizu to vyjadrit v néjakém poctu x, néjakém poctu y a néjakém poctu Z a to
mi najde tento bod v prostoru, kdyz tyto tfi hodnoty odmocnime, se¢teme je a pak vezmeme
druhou odmocninu z secteme, pak bychom pouzili Pythagorovu vétu, abychom nasli
vzdalenost od vychoziho bodu, a pak piijde Minkovsky a fekne dobfe, ale tady je zplsob, jak
zajistit, aby SpaceTime fungoval, kdyz piidate dal$i dimenzi Gasu, sectete druné mocniny
prostorovych dimenzi a odectete ¢tverec Casu Rozméry pro méfeni vzdalenosti déla specialni
relativitu do geometrického prostoru mskliv novy systém mu umoznil matematicky modelovat
pfedpovédi specialni relativity, kde chovani svétla tvofi hranici pro mozny pohyb vSech
ostatnich objektli v vesmir, protoze to, co popisujeme jako vzdalenost, nyni zahrnuje méfeni
¢asu, tato hodnota je Casto oznaCovana jako interval Casoprostoru geometrie, kterou specialni
teorie relativity predpovida, je geometrie kuzele, kde jsou vSechny vzdéalenosti nulové,
udélejme analogii do tif rozmérd, takZze mizeme vidét, pro€ to tvoii kuzel Pythagorova véta
nam fiké, Ze x*2 + y*2 + z "2 se rovna ¢tverci vzdalenosti, ale co se stane, kdyz popiSeme
jako Chovani tim, Ze z dimenze Z udé€lame zapornou a vzdalenost rovna se nule, nyni
muizeme pohybovat vécmi, abychom dostali x2 + y*2 rovno z"*2, mliZzeme si to pfedstavit jako
vSechny body na X a Y, které jsou ve vzdalenosti Z od poc¢atku, jinymi slovy jsou to body na
a kruznice, takze kdyz se Z zvétsi, kruznice se zvétsi a kdyz se zmensi, kruznice se zmensi, to,
co skonc¢ime, je kuzel, kde hrany sviraji thel 45° s Z AIS, takZe opé&t Einsteinova specialni
teorie relativity za¢neme s axiem, ktery rychlost svétla je konstantni a

(04)- we derive all these crazy things about time and and distance and so on then movi says
you can realize those things by by placing them in this geometry where you get to subtract
one of the squares when you're Computing distances this formula gives a geometric
interpretation of what's known as Loren Transformations the equations that allow you to



calculate the changes to time and distance that occur for an object moving close to this speed
of light the motion of a photon of light always has A Spacetime interval equal to zero while
any other object moving below the speed of light has a non-zero SpaceTime interval which all
inertial observers will measure as being the same value it's this one cone and and he's saying
the whole world lives in this cone SpaceTime Einstein initially did not like this idea he called
it Superfluous erudition and said that since the mathematicians have grabbed hold of the
relative Theory I no longer understand it myself Einstein thought this fancy new math
obscured the beautiful physics but menovsky explanation of the four-dimensional cone wasn't
just fancy math for the sake of being complicated it actually unlocked new conclusions from
special relativity that weren't apparent in Einstein's original version in the end the idea of
SpaceTime has become so closely associated with special relativity that people mistakenly
assume that it came from Einstein himself Einstein would eventually realize just how much he
needed this fancy math to keep developing his relativity theories because special relativity had
a fundamental limitation it only described completely uniform motion so Einstein still needed
a way to talk about things like acceleration and rotation not only that but there was an even
bigger problem with Newton's laws of gravity you have two objects with two masses there's a
universal gravitational constant and they pull each other the force that that one exerts on the
the other is uh inverse distance squared right this this is the inverse Square law but then
special theory of relativity says distance is not uh absolute oh crap we have a huge problem
how do we do gravity if distance is in the eye of the beholder right cuz distance is measured
by time and there's this Duality between time and distance and so can it be that that the force
acting on this thing depends on where you're standing and looking at them so this is the the
sort of thing that that Einstein's uh special Theory breaks it breaks gravity this was when
Einstein Came Upon what he later called the happiest thought of his life he imagined a painter
falling from the side of a building while the man is in freef Fall if we ignore the air blowing
past him his experience would be completely identical to a man floating in a rocket ship in
outer space with zero gravity Einstein grabbed on to this idea what if acceleration and gravity
were in some fundamental way the same thing two sides of the same coin with that idea in
place Einstein once again set out to construct an argument brick bi logical brick that led him
to some surprising results and then he's able to extrapolate from that yeah | mean that's this
beautiful theory of general relativity and it predicts that light will be bent around a star uh uh
except you can't ever look at the sun to see that that happening unless the sun is blocked out
by something so that you can see the stars behind it so we wait for the eclipse Einstein put out
a call to astronomers that they should use a solar eclipse as a chance to record whether the
apparent position of stars is changed when their light rays pass near the sun to get to us but in
the meantime Einstein still needed to come up with a formal system for doing calculations
under his new conception of the universe the equation should predict exactly how much the
light rays would bend and they should also explain why Mercury's orbit deviates ever so
slightly from its expected elliptical path to get there he needed a type of mathematics that
could deal precisely with quantities that changed in complicated ways traditional calculus can
do this when we're looking at motion within a flat grid what we call ukian geometry but
describing the complexities of the universe was going to take something more powerful and
more flexible so he called up his old friend Marcel Grossman again by now grman had
become an expert in exactly the kind of sophisticated non-ukian geometry that Einstein
needed for his work he thought that Einstein might be able to realize his theory with the help
of ideas developed by mathematician Bernard reman half a century earlier let's do a little



crash course in ranian Geometry the fundamental question is what is distance and the right
way to think about distance and this is what reman understood is uh imagine like a Pringles

(04)- odvozujeme vSechny ty Silené véci o Case a vzdalenosti a tak dale, pak movi fika, ze ty
véci si mizete uveédomit tim, ze je umistite do této geometrie, kde mizete odecist jeden ze
ctverct, kdyz pocitate vzdalenosti tento vzorec poskytuje geometrickou interpretaci toho, co
je znamé jako Lorenovy transformace, rovnice, které vam umoziuji vypocitat zmény casu a
vzdalenosti, ke kterym dochézi u objektu pohybujiciho se blizko této rychlosti svétla pohyb
fotonu svétla ma vzdy interval ¢asoprostoru rovny nule zatimco jakykoli jiny objekt
pohybujici se pod rychlosti svétla ma nenulovy casoprostorovy interval, ktery vSichni
inercidlni pozorovatelé naméfi jako stejnou hodnotu, je to tento jeden kuzel a on tika, ze cely
svét Zije v tomto kuzelu Casoprostoru. Einsteinovi se to zpocatku nelibilo napad nazval to
nadbytecnd erudice a fekl, Ze od té doby, co se matematici chopili relativni teorie, uz ji sdm
nerozumim. Einstein si myslel, Ze tato nova fiktivni matematika zatemiiuje krasnou fyziku,
ale Minkowského vysvétleni ¢tyfrozmérného kuzele nebyla jen fantazijni matematika kvuli
komplikovanosti to ve skutecnosti odemklo nové zavéry ze specialni teorie relativity, které
nebyly patrné v piivodni Einsteinové verzi, nakonec se mySlenka ¢asoprostoru stala tak uzce
spojena se specialni teorii relativity, Ze se lidé mylné domnivaji, Ze pochdzi od samotného
Einsteina. Nakonec si uvédomil, jak moc potfeboval tuto fantastickou matematiku, aby mohl
dale rozvijet své teorie relativity, protoze specialni teorie relativity méla zasadni omezeni,
popisovala pouze zcela rovnomérny pohyb, (!) Lorentzovy transformace byly totiz jen
,.stopstavy* do konstantnich KONKRETNICH hodnot rychlosti pohybu testované &astice. Je
to porovnani vz s va, nebo vi7 s vig ... atd., takze Einstein stale potfeboval zplsob, jak mluvit
o vécech, jako je [zrychlenf a rotace, a to je ono, to je to podstatné. .. nejen to, ale existoval
jesté vetsi problém s Newtonovymi gravitacnimi zdkony mate dva objekty o dvou
hmotnostech, existuje univerzalni gravitacni konstanta a navzajem se pfitahuji silou, kterou
jeden pusobi na druhého, je inverzni vzdalenost na druhou, toto je inverzni ¢tvercovy zakon,
ale pak specidlni teorie relativity tikd, Ze vzdalenost neni uh absolutni, sakra, mame obrovsky
problém, jak udélame gravitaci, pokud je vzdalenost v oku pozorovatele, protoZe vzdalenost
se méefi Casem a mezi Casem a vzdalenosti existuje dualita a tak to mize byt je to tak, Ze sila
pusobici na tuto véc zavisi na tom, kde stojite a divate se na né&, takze tohle je ten druh véci,
které Einsteinova speciélni teorie rozbiji, a rozbiji gravitaci to bylo, kdyz Einstein pfiSel na to,
co pozd¢ji nazyval nejst’astnéjSim myslel na sviij zivot, predstavoval si malite padajiciho ze
strany budovy, zatimco muz je ve volném padu, kdybychom ignorovali vzduch, ktery kolem
néj proudil, jeho zkuSenost by byla zcela identicka jako u muze plovouciho v raketové lodi ve
vesmiru s nulovou gravitaci. Einstein se chopil této myslenky, co kdyby zrychleni a
gravitace byly néjakym zasadnim zpusobem totéz, dv¢ strany téZe mince s touto
myslenkou na misté Einstein se znovu pustil do konstrukce argumentacni cihly, ktera ho
pfivedla k né€kterym piekvapivym vysledkiim a pak je schopen z toho extrapolovat ano,
myslim, Ze je to krasna teorie obecné relativity a predpovida, ze svétlo se bude ohybat kolem
hvézdy, uh, az na to, ze se nikdy nemiizete podivat na slunce, abyste vidéli, ze se to déje,
pokud neni slunce néco zakryto, takze mizete vidét hvézdy za tim, takze cekame na zatmeéni.
Einstein zavolal astronomim, aby pouZili zatméni Slunce jako Sanci zaznamenat, zda se
zdéanliva poloha hvézd méni, kdyz jejich svételné paprsky projit blizko Slunce, aby se k ndm
dostal, ale mezitim Einstein stale potfeboval piijit s formalnim systémem pro provadéni
vypoctil podle své nové koncepce vesmiru rovnice by méla piesné piedpovedét, jak moc se




budou svételné paprsky ohybat, a méli by také vysvétlit, pro¢ Draha Merkuru se tak nepatrné
odchyluje od své ocekavané eliptické drahy, aby se tam dostal, potieboval typ matematiky,
ktera by se dokazala ptesné vyporadat s velicinami, které se ménily komplikovanym
zptisobem, tradi¢ni kalkul to dokéaze, kdyz se divime na pohyb v ploché mfizce, cemu fikame.
ukianskéa geometrie, ? ale popis slozitosti vesmiru si vyzadal néco vykonné&jsiho a
flexibilngjsiho, a tak znovu zavolal svého starého ptitele Marcela Grossmana. Grosman se
nyni stal odbornikem piesné na ten druh sofistikované neukianské geometrie, kterou Einstein
potieboval pro ve své praci si myslel, ze Einstein by mohl byt schopen realizovat svou teorii s
pomoci myslenek vyvinutych matematikem Bernardem Riemanem o pul stoleti dfive, pojd'me
si udélat maly rychlokurz ranianské geometrie, zakladni otdzkou je, co je vzdalenost a
spravny zpusob, jak o tom premyslet vzdalenost a to je to, co Rieman pochopil, je predstavte
si jako Pringles

(05)- chip and a tiny little ant on that Pringles chip and that ant wants to go somewhere but
of course it can't jump uh across the Pringle chip it has to go down into the chip and then up
to the other side or or maybe down this way and up and around whatever however the ant has
to get there it's going to get there and the amount of steps that it takes is the distance if she
smells something you know over there she's not going to go like this because the shortest path
that turns out is like that and so that that's exactly what reman was uh envisioning and what he
said is at every single point in your space let's think of surfaces okay so we have this Pringle
chip at every point in the Pringle chip there's a there's a set of tangent vectors directions in
which you can go okay so that gives you a set of possible directions and then a geodesica a
shortest path so you can you can sort of count the number of steps that the ant took to get
from here to here and then you can think about all possible paths the Ant could have taken
and the g is the path that minimizes the total number of steps uh remon's mathematics makes
this correct infinitesimally reman had devised a system where not only could the distance be
measured differently at every point but the math can account for as many different variables
as you need and he realized that once he started using these algebraic methods for writing
what it means to be a threedimensional manifold well you have X1 X2 X3 he's like wait a
second X4 X5 X17 nothing is stop stopping me from doing this in general dimmension and
this really blew people’'s mind they're like what do you mean 17 Dimension he's no don't
worry about it it's just algebra | can make a 17 toule of numbers right we have uh temperature
pressure wind speed uh whatever we we have all kinds of different ways of uh describing the
situation at a point why shouldn't things be multi-dimensional beyond beyond three
dimensions Einstein and Grossman worked to bring these Concepts together with msk's four-
dimensional method where the square of the time Dimension was subtracted that is what
general relativity is it's this uh way of measuring distances where instead of summing squares
you sum three of the squares and subtract the fourth square but you do this differently at every
Point depending on the mass Einstein dove into this formal mathematical approach that he
had previously turned up his nose to he was finally starting to appreciate the power that this
kind of math had to discover new insights about the universe he wrote to a colleague | have
gained enormous respect for mathematics whose more subtle Parts | considered until now in
my ignorance as pure luxury but Einstein wasn't completely converted over to this fancy math
just yet in his multi-year quest for the equations of general relativity he also tried strategies
based around his intuitions for the laws of physics he hoped that he could still use the kind of
simple axiomatic thinking that had worked so well for him in the past at one point in 1912



Einstein and Grossman had arrived at some formulas that turned out to be very close to what
would ultimately be Einstein's final version of general relativity but Einstein threw it out he
was having trouble understanding how to make the formulas covariant in other words since
relativity implies that there's no one definitive frame of reference any relativity formula has to
give the same result no matter what frame of reference or coordinate system you use
unfortunately the math behind this gets quite complicated and apparently it was even too
complicated for Einstein himself at the time so Einstein threw out the fancy ranian math he
hoped that he could still use his uncanny intuition for the physical laws of the universe to
work out his theory of general relativity soon he had a new set of formulas which he
published as what he called an outline paper the formulas in this paper have since been
described as having no clear geometric meaning it seemed almost like Einstein had tried to
just throw some something together after getting too frustrated with the difficult math after
publishing this paper he struggled for close to 3 years to refine the formulas and get them to
work but eventually he found a clear-cut mistake as soon as he saw it he dug out his old
notebooks where he was using the ranian approach and got back to work with those but by
now the Clock Was ticking an influential mathematician in goodan named David Hilbert was
working to develop his own gravitational field equations based to the stars during a solar
eclipse would come true his final equations predicted that the displacement would be twice as
large as the prediction that comes from Newton's equations if light is assumed to be made of

(05)- cip a maly mravenec na ¢ipu Pringles a ten mravenec chce nékam jit, ale samoziejmeé
nemtiZe pies Cip Pringle skocit, musi jit dolt do ¢ipu a pak nahoru na druhou stranu nebo
nebo mozna tudy dold a nahoru a kolem ¢ehokoli, at’ uz se tam mravenec musi dostat, dostane
se tam a pocet kroku, které to musi udé€lat, je vzdalenost, pokud uciti néco, co vite tamhle,
takhle neptijde, protoze nejkratsi cesta, ktera se ukaze, je takova, takze to je piesné to, co si
reman piedstavoval, a co fekl, je v kazdém jednotlivém bod¢ vaseho prostoru, pojd'me si
pomyslet na povrchy v potadku, takze mame tento Cip Pringle v kazdém bodé ¢ipu Pringle, je
tam existuje sada smért te¢nych vektort, kterymi se mizete vydat, takze ziskate sadu
moznych smért a pak geodesiku nejkratsi cestu, takze mtizete spocitat pocet kroka, které
mravenec udélal, aby se odtud dostal tady a pak mizete pfemyslet o vSech moznych cestach,
kterymi se mohl mravenec vydat, a g je cesta, kterd minimalizuje celkovy pocet kroki, uh
Remonova matematika to ¢ini spravnym nekone¢né malo reman vymyslel systém, kde by se
vzdalenost nejen dala méfit jinak. Kazdy bod kromé matematiky miiZe zohlednit tolik riznych
proménnych, kolik potiebujete, a on si uvédomil, Ze jakmile zacal pouZivat tyto algebraické
metody pro psani toho, co to znamend byt trojrozmérnou varietou, dobie mate X1 X2 X3,
jako by chvili pockal X4 X5 X17 nic mi nebrani v tom, abych to udélal v obecné dimenzi, a
tohle opravdu poboutilo mysl lidi, jsou jako co tim mysli§ 17 dimenze on si s tim nedélej
starosti, je to jen algebra. Umim spravné vytvoftit 17 toule ¢isel, uh teplota tlak rychlost vétru
cokoli mame rizné zplisoby popisu situace v ur¢itém bodé pro¢ by véci nemély byt
vicerozmérné za hranicemi tii rozmérti Einstein a Grossman pracovali na spojeni téchto
konceptd pomoci ¢tyfrozmeérné metody msk ?? kde byla odectena druha mocnina ¢asu.
Rozmér, to je obecna teorie relativity, je to tento zpisob méfeni vzdalenosti, kdy misto s¢itani
Ctvercu sectete tii ¢tverce a odecCtete Ctvrty ¢tverec, ale v kazdém bod¢ to délate jinak v
zavislosti na hmotnosti. Einstein se ponofil do tohoto formalniho matematického ptistupu, nad
kterym pfedtim ohrnoval nos, kone¢né si zaCinal vazit sily, kterou tento druh matematiky mél
k objevovani novych poznatkl o vesmiru, napsal svému kolegovi, jehoZ jsem si ziskal



obrovsky respekt k matematice, jehoz subtilnéjsi ¢asti jsem az dosud ve své nevédomosti
povazoval za Cisty luxus, ale Einstein jesté Gpln¢ neptesel na tuto luxusni matematiku, ale ve
svém mnohaletém patrani po rovnicich obecné relativity také zkousel strategie zaloZené na
jeho intuici pro zakony z fyziky doufal, ze mize stale pouzivat ten druh jednoduchého
axiomatického mysleni, které se mu v minulosti tak dobte osvédcilo, v jednom bod¢ roku
1912 Einstein a Grossman dospéli k n€kterym vzorctim, které se ukazaly byt velmi blizké
tomu, co by nakonec bylo Einsteinovu kone¢nou verzi obecné teorie relativity, ale Einstein ji
zahodil, mél potize s pochopenim toho, jak udélat vzorce kovariantni jinymi slovy, protoze
relativita znamenad, ze neexistuje zadny definitivni referenéni ramec, ktery by jakykoli vzorec
relativity musel poskytnout stejny vysledek bez ohledu na to, v jakém ramci referenc¢ni nebo
soufadnicovy systém, ktery pouzivate, bohuzel matematika za tim je pomérn¢ komplikovana a
zjevné to bylo v té dobé dokonce pfili§ komplikované pro samotného Einsteina, takze Einstein
vyhodil luxusni ranianskou matematiku a doufal, ze stdle miize pouzivat svou podivnou
intuici pro fyzikalni zakony vesmiru, aby vypracoval svou teorii obecné relativity, brzy mél
novou sadu vzorcil, kterou publikoval jako to, co nazval osnovou, vzorce v tomto ¢lanku byly
od té doby popsany jako bez jasného geometrického vyznamu, zdalo se to skoro, jako by to
zkousel Einstein prosté dat néco dohromady poté, co byl piili$ frustrovany obtiznou
matematikou po zvefejnéni tohoto ¢lanku se téméf 3 roky snazil vylepsit vzorce a uvést je do
provozu, ale nakonec nasel jasnou chybu, jakmile ji vidél. Vyhrabal své staré sesity, kde
pouzival raniansky pfistup, a vratil se k préci s témi, ale ted’ uz tikaly Hodiny vlivny
matematik z Goodanu jménem David Hilbert pracoval na vyvoji vlastnich rovnic
gravitacniho pole zaloZenych na hvézdach béhem slune¢niho zafeni. Zatméni se naplni, jeho
posledni rovnice ptedpovidaly, Ze posunuti bude dvakrat vétsi nez predpovéd’, kterd pochazi z
Newtonovych rovnic, pokud se predpoklada, ze svétlo je vyrobeno z

(06)- particles with mass Einstein's general relativity paper managed to make its way across
the English Channel during the height of World War I to a British astronomer named Sir
Arthur Edington Edington was a fellow pacifist and hoped that science could be used to
bridge the divisions of the Great War if a British team were to validate a German Theory
Edington assembled two teams to photograph an eclipse that was coming on May 29th 1919
by then the war had finally ended and one team headed to soal Brazil while Edington traveled
with the other team to the island of Principe off the western coast of Africa both teams
managed to take photographs of the moment but it took several months of analysis back in
England before Edington was ready to announce his results Einstein waited nervously in
Berlin to hear the news by September word had come through that the data was looking good
but it wasn't until a public presentation at the London Astronomical Society on November 6th
that the world would find out the next day the times of London printed the triumphant
headline revolution in science new theory of the universe neonian ideas overthrown and like
that Einstein was famous [Music] the reason it was so wild is Einstein moves the heavens
he's fighting the gods just like the Greeks are fighting the gods for a world still processing the
trauma from one of the deadliest Wars in human history the idea of a German Jew and a
British Quaker working together to advance Humanity's shared understanding of the universe
was a much needed moment of Triumph relativity became a symbol of this new modern world
and Einstein was that world's first celebrity scientist more predictions of general relativity
have since been verified including some that Einstein initially didn't even believe himself
such as the existence of black holes not only that the equations of general relativity are crucial



for modern technology like GPS because the clocks aboard the satellites can't synchronize
with the Earth without it for Einstein his almost childlike intuition that there's an underlying
structure to the entire universe and his lifelong Reliance on axiomatic arguments needed to
team up with some of the most cuttingedge abstract math available in order to get to his new
comprehensive understanding of the Universe | want to come back to reman for a second do
you think he would have been surprised to find out that this math that he made was what
Einstein needed for general relativity yes | think that would be very much a surprise pris toon
I'm curious if you have a different reaction but to me | just kind of feel this sense of like
amazement that there was this math that reman made for Math's sake and it ended up being
the exact thing that Einstein needed to like figure out the secrets of the universe basically this
happens all the time this is why we exist this is | think why | have a job because Humanity
has realized that you leave the mathematicians alone they'll come up with some cockman 17
dimensional curved space theory that nobody will give a damn about for 60 years until
someone comes along and says wait a second this is exactly the mathematics | need to do
general relativity it's amazing it's it's amazing it's amazing that the world is so well governed
by mathematical laws or approximated shall we say not governed by but approximated by
mathematical laws years later Einstein received a fan
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letter from a young student she wrote that she was worried about her math class | have to
work longer in it than

(06)- casticim s hmotnosti Einsteintiv papir obecné relativity se béhem prvni svétové valky
podarilo dostat pres Lamanssky priliv k britskému astronomovi jménem Sir Arthur Edington
Edington byl pacifista a doufal, Ze véda mize byt pouzita k premosténi divize Velké valky,
pokud by britsky tym potvrdil némeckou teorii, Edington sestavil dva tymy, aby
vyfotografoval zatméni, které se chystalo 29. kvétna 1919, valka definitivné skoncila a jeden
tym zamifil do Brazilie, zatimco Edington cestoval s druhym tymu na ostrov Principe u
zapadniho pobiezi Afriky se obéma tymim podatilo vyfotografovat moment, ale trvalo
nékolik mésich analyzy v Anglii, nez byl Edington pfipraven oznamit své vysledky. Einstein
nervozné ¢ekal v Berling, aby se zpravy dozvédél do zafi proslychalo se, ze data vypadaji
dobfte, ale az vetfejna prezentace v Londynské astronomické spolecnosti 6. listopadu svét
zjistila, Ze pfisti den londynské Casy vytiskly triumfalni revoluci v titulku ve védé€, nova teorie
vesmir nednské myslenky| svrzeny a podobné Einstein byl slavny [Hudba] divod, pro¢ byl
tak divoky, je, ze Einstein hybe nebesy bojuje s bohy stejné jako Rekové bojuji s bohy za
svét, ktery stale zpracovava trauma z jedné z nejsmrtelnéjSich valek v d€jinach lidstva byla
myslenka némeckého Zida a britského kvakera, ktefi spoleéné pracovali na prohloubeni
sdilené¢ho chapéni vesmiru lidstvem, velmi potiebnym okamzikem Triumph. obecna teorie
relativity byla od té doby ovéiena, véetné nékterych, kterym Einstein zpocatku ani nevéftil,
jako je existence ¢ernych dér, nejen zZe rovnice obecné relativity jsou klicové pro moderni
technologie, jako je GPS, protoze hodiny na palub¢ satelitii se nemohou synchronizovat s
Zemi bez ni pro Einsteina jeho témér détska intuice, Ze cely vesmir ma zakladni strukturu, a
jeho celozivotni spoléhani se na axiomatické argumenty potfebné k tomu, aby se spojil s t€mi
nejSpickovejsimi dostupnymi abstraktnimi matematikami, aby se dostal ke svému novému
komplexnimu pochopeni Vesmiru. Chci se na vtefinu vratit do remanstvi, myslite si, ze by byl
ptekvapen, kdyby zjistil, Ze tato matematika, kterou vytvofil, byla to, co Einstein potieboval
pro obecnou relativitu ano, myslim, Ze by to bylo velké pifekvapeni. Zajimalo by mé, jestli




mate jinou reakci, ale pro mé prosté citim ten pocit jakoby uZas, Ze existovala ta matematika,
kterou Rieman vytvoril kvili matematice, a nakonec to bylo ptesné to, co Einstein potieboval,
aby rad odhalil tajemstvi vesmir v podstaté se to déje potad, to je diivod, pro¢ existujeme, to
je. Myslim, pro¢ mam praci, protoze lidstvo si uvédomilo, Ze nechate matematiky na pokoji,
ptijdou s n¢jakou teorii 17rozmérného zaktiveného prostoru cockman,
http://www.hypothesis-of-universe.com/docs/eb/eb _002.pdf kterou nikdo nezatracuje asi 60
let, dokud n¢kdo nepftijde a fekne, pockej chvili, to je piesné ta matematika, kterou potiebuji k
obecné teorii relativity, je to uZasné, je to uzasné, je uzasné, HDV je také tzasna..., tedy
jednou bude Ze svét je tak dobfe fizen matematickymi zakony nebo aproximovan, feknéme, ze
se nefidi, ale aproximované matematickymi zdkony o roky pozd¢ji dostal Einstein v&jif

29:55 dopis od mladé studentky napsala, Ze se boji o hodinu matematiky. Musim v ni
pracovat déle nez
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