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(01)- steve what is the standard model of fundamental physics explaining all these particles
the theory of elementary particles that we have now uh involves four kinds of force in the
universe there's electromagnetism which is fairly familiar people are familiar with the
magnetic fields produced by magnets and electric forces that drive currents in wires there's uh
gravitation which is very familiar that's the first known of all the forces that cause causes
apples to fall to the ground and the moon to stay in its orbit and then there are two other kinds
of force that are much less familiar because they don't they're short range unlike
electromagnetism and gravity they don't extend out to great distances uh and they don't really
only operate inside the nucleus of the atom they're called imaginatively weak nuclear forces
and strong nuclear forces the strong nuclear forces hold the particles together inside the
nucleus they also hold the particles together inside the particles inside the nucleus the so-
called quarks and the weak nuclear forces are too weak to hold anything together but they
cause transitions transmutations they allow protons in the nucleus to turn into neutrons and
vice versa so they're responsible for radioactive decay the the main the first discovered kind
of radioactivity called beta radioactivity and the first step in the chain of nuclear reactions that
provides the heat to the stars is is a weak interaction uh there are for many years einstein tried
to unify the theory of electromagnetism and gravitation because those were the two forces that
are long range that are familiar in everyday life and that he knew about as a young man and it
didn't work and that was the unified field theory that was a favorite subject of sunday
supplements and never worked out um in the 1960s we realized that there is a a fundamental
unity between the electromagnetic force and not the gravitational but the weak nuclear force
that they are really part of the same complex of forces and when you say we you really mean
we because that's what you did personally i did it but uh yeah uh important uh contributions
were made by other people too uh sheldon glashow abdul-salam gerard toft so on um the so i
said we um the uh there is a deep relation between them which is not apparent when you
study them because as i said the weak nuclear force has short range the electromagnetic force
extends out to very large ranges it turns out that that's somewhat of an environmental accident
that that's true in our present universe uh that because of the cooling of the universe the
symmetry that unifies the weak and the electromagnetic forces has been broken which means
it doesn't mean that it's not there it is there but it's there in a much more subtle way which
allows us to make predictions do calculations but doesn't say that they look the same this
phenomenon of broken symmetry uh that you could you can have a theory in which different
elements like for example in the standard theory of the weak and the electromagnetic
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interactions the electron and neutrino are treated in the underlying theory as if they're
indistinguishable as whatever if you write down the equations and everywhere where you
have the electron you replace it by the neutrino and vice versa the equations retain the same
form so the equations exhibit the symmetry perfectly it's not an approximation it's a perfect
symmetry but when you calculate the consequences of the equations you find that you get two
particles one of which the electron has a mass it has a certain weight the elec not very large
but it still is a massive particle the neutrino massless and uh so that the failure of symmetry
comes through the solution of the equations but if you added a high temperature if you went
back to when the universe was hot then the two particles would behave exactly the same way
the it's a little bit like what unifies the yeah the fear it's a little bit like what happens uh when
uh water freezes uh originally you have a glass of water every direction in the water is the
same water liquid water has no sense of direction of course it has a surface but once you get
inside the water all directions are the same but when it freezes you get crystals of ice and
crystals have a definite sense of direction the atoms are lined up that way but they're not lined
up that way and um the universe has frozen uh in that sense that the symmetries have been
lost well for broken symmetry to be so important in constructing the standard model which
arrays the particles symmetry itself must be some sort of a fundamental principle underlying
how everything works yes what what is the what can we say about the fundamental
importance of symmetry

(01)- Steve, coz je standardni model zakladni fyziky vysvétlujici vSechny tyto castice, teorie
elementarnich ¢astic, kterou nyni mame, zahrnuje ¢tyii druhy sily ve vesmiru, existuje
elektromagnetismus, ktery je pomérné znadmy, lidé znaji magneticka pole vytvaiena magnety
a elektricke sily, které pohanéji proudy v dratech, existuje gravitace, ktera je velmi znama, to
je prvni znama ze vSech sil, které zpusobuji, ze jablka padaji na zem a mésic zustava na své
0bézné draze, a pak existuji dva dalsi druhy sily které jsou mnohem mén¢ zndmé, protoze
nemaji, na rozdil od elektromagnetismu a gravitace, maji kratky dosah, nesahaji do velkych
vzdalenosti a ve skute¢nosti nefunguji pouze uvnitt jadra atomu, nazyvaji se imaginativné
slabé jaderné sily a silné jaderné sily silné jaderné sily drzi ¢astice pohromadé uvniti jadra
také drzi ¢astice pohromadée uvniti ¢astic uvniti th Jadro takzvané kvarky a slabé jaderné sily
jsou pfilis slabé na to, aby udrzely cokoli pohromadé, ale zptisobuji prechodové transmutace,
které umoznuji protonim v jadie pfemeénit se na neutrony a naopak, takze jsou zodpovédné za
radioaktivni rozpad hlavni prvni objevil druh radioaktivity nazyvany beta radioaktivita a
prvnim krokem v tetézci jadernych reakci, které poskytuji teplo hvézdam, je slaba interakce,
mnoho let se Einstein snazil sjednotit teorii elektromagnetismu a gravitace, protoze to byly
dvé sily s dlouhym dosahem, které jsou znamé v kazdodennim Zivoté a o kterych védél jako
mlady muZ a nefungovalo to, a to byla sjednocena teorie pole, ktera byla oblibenym
piedmétem nedélnich doplnka a v 60. letech se nikdy nepropracovala. si uvédomil, ze existuje
zakladni jednota mezi elektromagnetickou silou a nikoli gravitacni, ale slabou jadernou silou,
ze jsou ve skutecnosti soucasti stejného komplex of Forces a kdyz tikas, ze my, tak opravdu
mysli$ nas, protoze to je to, co jsi udélal osobn¢, udélal jsem to, ale uh jo uh dilezité uh
piispévky byly také od jinych lidi uh, Sheldon Glashow Abdul-Salam Gerard Toft tak déle,
tak jsem tekl, Ze jsme ehm, uh, je mezi nimi hluboky vztah, ktery neni patrny, kdyz je
studujete, protoze jak jsem fekl, slaba jaderna sila méa kratky dosah, elektromagneticka sila se
rozsifuje na velmi velké rozsahy, ukézalo se, Ze je to tak trochu ekologicka nehoda, Ze to je
pravda v nasem soucasném vesmiru, uh, Ze kvili ochlazeni vesmiru byla poruSena symetrie,
ktera sjednocuje slabé a elektromagnetické sily, coz neznamena, ze to tam neni, je to tam, ale
je to tam mnohem jemng&jsim zpusobem coz nam umoziuje provadét piedpovedi, provadét
vypocty, ale netika, ze vypadaji stejné tento fenomén porusené symetrie uh, ze byste mohli



mit teorii, ve které jsou rizné prvky jako napi. se standardni teorii slabych a
elektromagnetickych interakci elektronu a neutrina se v zakladni teorii zachazi, jako by byly
nerozeznatelné, jako kdyby si zapsali rovnice a vSude, kde mate elektron, jej nahradite
neutrinem a naopak rovnice si zachovavaji stejny tvar, takze rovnice vykazuji symetrii
dokonale, neni to aproximace, je to dokonala symetrie, ale kdyZz spocitate dusledky rovnic,
zjistite, ze dostanete dv¢ ¢astice, z nichZ jedna ma hmotnost, ma urcitou vahu elek neni pfilis
velky, ale stale je to masivni ¢astice, neutrino bez hmotnosti a uh, takze selhani symetrie
piichazi feSenim rovnic, ale pokud pridate vysokou teplotu, pokud se vrétite do doby, kdy byl
vesmir horky, pak ty dvé castice choval by se Upln¢ stejné, je to trochu jako to, co sjednocuje
jo ten strach, je to trochu jako to, co se stane, kdyZ zamrzne voda uh pavodné mate sklenici
vody kazdy smér ve vode je stejna voda kapalna voda nema zadny smér, samoziejmé ma
povrch, ale jakmile se dostanete dovnitf vody, vSechny sméry jsou stejné, ale kdyz zamrzne,
ziskate krystaly ledu a krystala maji jasny smér, atomy jsou takto sefazeny, ale nejsou tak
sefazeny a vesmir zamrzl v tom smyslu, Ze symetrie byly ztraceny dobie, aby byla porusena
symetrie tak dulezita pii konstrukci standardniho modelu, ktery seskupuje samotnou symetrii
¢astic, musi byt néjakym zakladnim principem, ktery je zakladem toho, jak v§e funguje ano,
Co je to, co muzeme fici 0 zasadnim vyznamu symetrie vyznam symetrii namatkové
http://www.hypothesis-of-universe.com/docs/ea/ea_032.pdf ;

(02)- in fundamental physics we uh have few things to go on in trying to construct our most
fundamental theories uh because the mathematics is so far removed from our everyday
intuition we need physical principles that we then turn into mathematical equations and which
we then use to do calculations the deepest principles that we have been able to discover are
principles of symmetry symmetry principles are statements that when you change your point
of view about something the thing doesn't change for example if you have a sphere that has a
high degree of symmetry you look at it from different directions it looks the same if you have
a cube it has a certain symmetry but it's a lower degree if you look at it from six different
directions it looks the same but if you look at it from a slanted direction it doesn't look the
same those are the symmetries of things now symmetries of things like cubes or spheres that's
an old story that goes way back in history of natural philosophy the great discovery of the
20th century was the importance of the cemeteries not of things but of laws that is when the
laws of nature are indifferent to for example what how you orient your laboratory that's a
symmetry called rotational invariance that the laws of nature have no inbuilt sense of
direction uh that's not so obvious it wasn't obvious to aristotle who thought that things
naturally fall down well earth and water fall down air and fire naturally fall up go up but
through the work of newton it was realized that all directions in space are the same and the
apparent discrepancy is due to the fact that there's a certain large body called the earth there
and so uh but the newtonian laws of motion exhibit that symmetry but that was regarded until
the 20th century is as more or less uh a nice thing but not terribly important the important
thing was the dynamics the forces it was einstein really who introduced symmetry as a
fundamental ingredient as part of the laws of nature and the symmetry that he particularly uh
implemented was the symmetry that tells you that the laws of nature don't depend on the
speed of the observer or the direction in which the observer is moving he made that a
fundamental principle in his special theory of relativity and he set the 20th century on a path
of regarding symmetry as the most reliable foundation for a physical theory and what's
remarkable is where he did it in the macroscopic universe you're now finding symmetry of
laws in fundamental physics to be equally as uh critical but unlike unlike einstein's symmetry
the symmetry between different ways of that the observer might be moving we have to deal
with symmetries which are broken which uh where the symmetry is there in the equations but
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the solution of the equations don't exhibit the symmetry and that makes it much harder
because they're not they're not apparent just this is symmetry between the weak and the
electromagnetic interaction so the symmetry between the electron and the neutrino were not
apparent but have to be inferred in very indirect ways so the great challenge for the future
may be to now bring gravity into the unity uh between all the forces yes but unfortunately uh
we have not yet found a symmetry principle that would govern that unification and we are uh
you know we're really stumbling in the dark at present in trying to make the next big step but
theoretically in the very very early universe when the heat was at whatever number of trillion
degrees that there was this unity ah well we hope so uh gravity is is really very different from
the other three forces uh it's not carried by the same kind of particle uh there's a precise way
of describing the difference it has to do with the spin of the particle that carries the force the
strong weak and electromagnetic forces are all carried by particles [Music] that is the the
energy and momentum is transmitted by a particle traveling from one place to another and the
particles that transmit the force have a certain spin uh i won't say what that spin is a certain
quantity of spin the gravitational force is carried by a particle with twice the spin it's called
the graviton and it may not sound like a big difference but it's it's an enormous difference
mathematically and that's what has kept us from unifying gravity with the others i'll trust you
on that one all right
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it's a big difference

(02)- ve fundamentalni fyzice mame jen méalo véci, kterymi bychom se mohli pokouset
konstruovat nase nejzakladnéjsi teorie, uh, protoze matematika je tak vzdalena nasi
kazdodenni intuici, ze potiebujeme fyzikalni principy, které pak pirevedeme na matematické
rovnice a které potom pouzivat k vypoctim nejhlubsi principy, které jsme byli schopni
objevit. Co jsou principy symetrie, principy symetrie jsou tvrzeni, Zze kdyz zménite svaj Uhel
pohledu na néco, véc se nezméni, napiiklad pokud mate kouli, kterd ma vysoky stupen
symetrie, divate se na to z riznych sméra, vypada to stejné, pokud mate krychli, ma urcitou
symetrii, ale je to niz8i stupen, kdyz se na to divate ze Sesti riznych smérd, vypada to stejng,
ale kdyz se na to divate zeSikma smér to nevypada stejné to jsou symetrie véci nyni symetrie
véci jako krychle nebo koule, to je stary piibéh, ktery saha hluboko do historie piirodni
filozofie. Objevem 20. stoleti byla dulezitost hibitova nikoli véci, ale zdkont, to znamena, ze
piirodni zakony jsou lhostejné naptiklad k tomu, jak orientujete svou laboratof, to je symetrie
zvand rota¢ni invariance, kterou pfirodni zakony nemaji vestaveéné. smysl pro smér, uh, to
neni tak ziejmé, nebylo to ziejmé aristotelovi, ktery si myslel, Ze véci prirozené padaji dobie
zemé a voda padaji dola vzduch a ohen ptirozen¢ padaji nahoru, ale diky Newtonoveé préci
bylo zjisténo, Ze vSechny sméry ve vesmiru jsou stejné a ziejmy rozpor je zptsoben tim, Ze je
tam urcité velké téleso zvane Zemé¢ a tak uh, ale newtonské zékony pohybu ukazuji, ze
symetrie, ale ktera byla povazovana az do 20. stoleti, je viceméné uh hezka véc, ale ne tak
stra§né dulezita, dulezita byla dynamika sily to byl skutecné Einstein, kdo zaved| symetrii
Jako zakladni slozku jako soucast prirodnich zakonu a symme zkuste, ze konkrétné
implementoval symetrii, kterd vdm tika, ze ptirodni z&kony nezavisi na rychlosti pozorovatele
ani na sméru, kterym se pozorovatel pohybuje, ucinil z toho zakladni princip ve své specialni
teorii relativity. nastavit 20. stoleti na cestu symetrie jako nejspolehlivéjsiho zakladu pro
fyzikalni teorii a pozoruhodné je, kde to udé¢lal v makroskopickém vesmiru, nyni zjistujete, ze
symetrie zdkont ve fundamentalni fyzice je stejné kriticka, ale odli$na. na rozdil od
einsteinovy symetrie, symetrie mezi riznymi zpusoby, kterymi se pozorovatel muze
pohybovat, se musime vyporadat se symetriemi, které jsou poruseny, coz uh, kde je symetrie
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v rovnicich, ale feseni rovnic nevykazuje symetrii a to ji ¢ini mnohem tézsi, protoze nejsou,



nejsou zjevne, jen je to symetrie mezi slabou a elektromagnetickou interakci, takze symetrie

mezi elektronem a neutrino nebyly zjevné, ale musi byt odvozeny velmi nepfimo, takze
ano, ale sjednoceni a my jsme,

vite, v soucasné dobe¢ skutecéné klopytame, Jejich rovnice jsou linearni. Gravitace linearni
neni. Sjednocovani tu je zbytecné. Moudfejsi by bylo probadat moji namitku
http://www.hypothesis-of-universe.com/docs/eng/eng_030.jpg ; http://www.hypothesis-of-
universe.com/docs/eng/eng_031.pdf ; http://www.hypothesis-of-
universe.com/docs/eng/eng_052.pdf ; http://www.hypothesis-of-
universe.com/docs/eng/eng_055.pdf ; http://www.hypothesis-of-
universe.com/docs/eng/eng_068.pdf http://www.hypothesis-of-
universe.com/docs/eng/eng_084.pdf ............... poté by mohla byt rovnice gravitace
nelinearni pfepsana na linearni (?!) ve tmé ve snaze ud¢lat dalsi velky krok, ale teoreticky ve
velmi raném vesmiru, kdy teplo dosahovalo jakéhokoli poctu biliond stupi, aby existovala
tato jednota. doufame, ze gravitace je opravdu velmi odlisna od ostatnich tfi sil, neni nenesena
stejnym druhem ¢astice, existuje piesny zpusob, jak popsat rozdil, ktery souvisi s rotaci
castice, kterd nese silu silngjsi slabé a elektromagnetické sily jsou vSechny neseny ¢asticemi
[Hudba], coz je energie a hybnost pfenasena ¢astici pohybujici se z jednoho mista na druhé a
castice, které pienaseji silu, maji urcitou rotaci uh nebudu fikat, ur¢ité mnozstvi rotace
gravitacni sila je nesena ¢astici s dvojnasobnou rotaci nazyva se to graviton a nemusi to znit
jako velky rozdil, ale je to obrovsky rozdil matematicky a to je to, co nam branilo sjednotit
gravitaci s ostatnimi, v tom vam budu Vvétit je to velky rozdil

no... tak to byl Weinberg, ktery tu mél vysvétlit jak castice vysvétluji vesmir. No a ...auzto
studenti nyni prave pochopili.-

Mnoho let sem usiloval o to najit pro G-konstantu jeji ,,pravy* rozmér....coz se mi sice
podatilo, ale neobjevil sem pro to dikaz. http://www.hypothesis-of-

universe.com/docs/f/f 013.pdf ; http://www.hypothesis-of-universe.com/docs/f/f 009.pdf ;
http://www.hypothesis-of-universe.com/docs/f/f 009.pdf ; http://www.hypothesis-of-
universe.com/docs/f/f 024.pdf ; http://www.hypothesis-of-universe.com/docs/f/f 025.pdf ;
http://www.hypothesis-of-universe.com/docs/f/f 030.pdf ; http://www.hypothesis-of-
universe.com/docs/f/f 066.pdf ; http://www.hypothesis-of-universe.com/docs/f/f 070.jpg ;
http://www.hypothesis-of-universe.com/docs/f/f 072.pdf ;

STR - http://www.hypothesis-of-universe.com/docs/f/f 073.pdf ~ ?
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