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(1915)
e zaloZena na univerzalité gravitace
— gravitaci moZno “geometrizovat”
. ale pole () je nehomogenni

— ‘ prostorocas je zakfiveny ‘

e pro&, &m je zak¥iveny?
— hmotou, ale i “sam od sebe”

prostorocas neni jen “jevistém”,

— |y . e -
Ucastni se fyzikdlniho déni!
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obecna teorie relativity — konkrétni pfedpovédi
e Cerné diry

gravitace je univerzalni ... vSe se navzajem pfitahuje

— tendence hmoty soustfedovat se

2GM

hmotnost M v kouli o poloméru < == —> Cerna dira

e

rozmistéte po prostoru predméty a pustte je — tok ur&eny tizi

— prostorotas “tete” k t&lesiim s velkou gravitaci (g~ <3L)
1

v Cerné dite je tok tak rychly, Ze to proti nému nedd ani svétlo

>~
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obecna teorie relativity — konkrétni pfedpovédi
e gravitacni viny

elektromagnetické pole se &i¥i vinové& (ve vakuu rychosti c)
... zdrojem urychlené ndboje
... vykon Umérny

1
podobn& gravita¢ni pole (také rychlost c) &N N
.. zdrojem urychlend hmotna télesa

... vykon Umérny

gravitaéni viny proto byvaji velmi slabé
... silné jen od (urychlenych) velmi hmotnych a hustych téles
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obecna teorie relativity — konkrétni predpovédi
e kosmologie: vyvoj vesmiru, big bang

vesmir nenf staticky, expanduje

pustime-li expanzi pozpatku — big bang

dnesni pohled:



obecnd relativita — triumf deduktivniho myslen{
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THE HISTORY AND FATE OF THE UNIVERSE

The Big Bang, Inflation
& the Expanding Universe

The unverse has becn expaningsince an nical momen called he
B B a2 bl (325 (0) e D0

oobed oy ik of s, o o v v
out s wisded o Aes fation ended n 3 dy faction o
second,the unverse continued to expand,becoming cooler and less
The expansion eauses the disance between distant galaxies
o increase, and thus the distance from us o them,

A Relic from the Early Universe

For the first 380,000 years the universe was 50 hot tha hyrogen
bt were

s o b bomced ks forh ko coldns

i o, Wit o s and ot
Sk togeher I el toms, ey I  he phcor hch
then escaped. We can see these very same photons todsy. Afer
traveling for 138 bilon years they arrve, but with their wavelength
ched by a facor of 1100, sine che universe iself has sresched

by this faccor curing that e

This Cosmic Microwave: Background (abeled n the central figure) is

3 parcin 100000 — are eidence of the smal vristions, which grew
through graviational atracdon,to make the much rger variations
wese today,things such 2 pilsies an sl ysts,

Dark Matter

Astronomers discovered that sars far out in 3 rorating galaxy

o, Ths & ol i o o
sola system where the innermost pancts move the fastest.
o o it b mce b oy & o whes v
see sars; there must be much more unseen matcer in the
“This matcer doesnic emit ight or reflect t, 50 we call it drk matter.
Since dark mater docsrit clump togecher with ordinary matcer, we
belleve it interaces ony fecbly wih the matter that males vp sars,
planets and people.

where the dark matter from the two clusters seems to have pissed

than ordinary matter in our universe.

Composition of the Universe

Ordinary Matter (5%)
~

occurtin billons of years g0 e s map out he history of e e nd o predu:z its fne
many or can be shown h
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Dark energy
accelerated

expansion

Cosmic Microwar Structure
RHIC & Background radiation  formation
Accolorotors |L11C is visible
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Our Cosmic Address

than 100 biion galaxies inthe visibl unverse.

107! mecers:

Invisible Skeleton of our Universe

Dark matter played a crucial role in the early unverse creating all the
sucres we s oy raty cavied the dr i o calso o

by “Seructure formation’). The graviy s o el ordney
a5 . Then s g1 o o rcions o s

Dark Energy and the Accelerating Universe

By making decaled observations of disunt superovac, which are surs that

the efectof gravey puling everyching back together.

The plot shows daea (white dots) from distant supernovae. From the
brighcness of 2 supernova we can iner how far 2way t s, By measuring the
wavelenghs of ght from the supernora, we can determine how much the

the expansion history of the universe.

6 bilion years ag0 the expansion of the unverse began to accelrate (the
daa curve upward slghty). This can only be explained by hypothesiding 3
“dark energy.

Known source of nergy.

Accelerating Expansion from Dark Energy

“The daa (whie dos) are n the
ch o

the unvers
clerasnd
be

S ——
lte t todo’s ditrces

ST s
Biflors (10%) of e from ooy
The Fate of the Universe
‘Whether the expansion of the universe willspeed up slow down, or even
reverse o colapse depends on the types and amounts of matter and

energy in it. Current observations imply that the universe will keep
erning oree with gl bocomig ser more vt from ond

‘W have an excellnt understanding of ordinary matter and all the parcices
discovered at accelrators,bu these accoun for less than S% o the energy

nd of dark mtter (27%) are two of the greaest challenges scientists face
codsy.

‘Learn more at

UniverseAdventure.org

“This chart has been

and at CP .org

pos

NASA.



Cosmic Microwave Background Radiation
(mikrovinné za¥eni kosmického pozadi)

Planck 20,

“eso vsech es v rukdvu big-bangové kosmologie”
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Masses in the Stellar Graveyard
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silueta Cerné diry v jadfe galaxie M87










