Historie kosmologie

Klice k neolitické kosmologii (pred 20 000 az 100 000lety)
vnimani fazi Meésice, prichod jarniho uplnku, rovhodennost - védomi
kosmologického radu

Pocatek
stvoritelskych
mytu

Pyramidy 2600 let pred n.l..




Astronomie - jedna z nejstarsich ,véd”, pocatky pred Sesti tisici roky

Newgrange, Knowth a Dowth
pocatky spadaji do 4. tisicileti pf. n. I.

200
zdobnych
kamenU

observator Stonehenge
2. tisic let pr.n.l.




1. Starsi déjiny kosmologie

Pohled’'na nebe

a secti hvézdy,
dokdZes-li je spocitat.
Tak tomu bude

i s tvyym potomstvem.

(Genesis 1.15)



Antické Recko.

Anticti myslitelé oddélovali ,védecké” poznani od mytu a magie.

Thales z Milétu (624 - 545) vie pochazi z vody,
predsokratovsky filosof, geometr, astronom

Pythagoras ze Samu (569 - 490) sféricky tvar Zemé

Aristoteles (384 - 322) Zemé - stied vesmiru, geocentrismus,

Slunce a jina télesa obihaji kolem po kruznicich

Aristarchos ze Samu (310 - 250) heliocentricka soustava,
vzdalenost Zemeé-Mésic-Slunce

Eratosthenes (276 - 194) stanoveni poloméru Zemé

Hipparchos (190 - 120) precese, katalog hvézd

Klaudios Ptolemaios v«(90 - 165) geocentrickd soustav
zachytil zdanlivé pohyby planet, epicykly



https://youtu.be/wGjlT3XHb9A?t=21s
https://youtu.be/wGjlT3XHb9A?t=21s
http://www.polaris.iastate.edu/EveningStar/Unit2/unit2_sub1.htm

Platon (427 — 347)

Idea dokonalosti, dokonaly kulovity tvar, dokonalost rovhomérného kruhového
pohybu. Pozorované nepravidelnosti jsou jen zdanlivé, skutecné pohyby jsou
pravidelné. Hmota se sklada ze 4 prvka: zem, voda, vzduch, ohen Podstatou
kazdého prvku je tvar dany uréitou kombinaci mnohouhelnikt. Cas je pohybem
nebeské sféry. Existuje éter Hvézdy a planety jsou ,, nebeskymi bozstvy”.
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Herakleides z Pontu (asi 390 — 310)
Praotec helicentrické soustavy, Zemé rotuje, Merkur a Venuse obihaji kolem
Slunce, Slunce obiha kolem Zemé. Teorie epicykld. (?)

Eukleides (kolem roku 300 pr. Kr.)
Vytvari matematické teorie (definice, postulaty, axiomy, véty a dlikazy — vyznam
predpokladll), zakladni postupy zejména od Aristotela.



Aristarchos ze Samu (asi 320 — 230)

Astronom, matematik, filozof, slunecni hodiny, vypocty a méreni vzdalenosti
- heliocentricky systém,

- hvézdy a Slunce jsou nehybné, Zemé rotuje a jeji sféra rotuje kolem Slunce.
- obvinén z bezbozZnosti (rusi klid Zemé).

Aristarchova metoda zjisténi poméru vzdalenosti Slunce od Zemé a Mésice od Zemé
Je zaloZena na zméreni velikosti Uhlu/ ktery sviraji spojnice Zemé-Mésic a Zemeé-Slunce
v okamziku, kdy je Sluncem osvétlgha presné polovina mési¢niho kotouce.
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Metoda zjisténi poméru velikosti Zemé, Slunce a Mésice



Eratosthenes z Kyreny (276 — 194)

Matematik, astronom, geograf, kartograf, chronolog, historik, etik, basnik
Spravce alexandrijské knihovny.

Eratosthenovo méreni Zemé (kolem roku 220 pf. Kr.)

Na zakladé rozdilu vysek Slunce nad obzorem ve dvou méstech lezicich priblizné na stejném
poledniku urcil rozdil zemépisnych Sifek téchto dvou mist. Ze znamé vzdalenosti D obou
meést, kterou odméfili vojaci putujici z Alexandrie do Syeny, dopocital délku o polednikové
kruznice ze vztahu 0o

o 3607

Délka polednikové kruznice vysla 252000 stadii (40 000 km) urcil tuto délku celkem presné.
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http://fyzika.jreichl.com/main.article/print/1440-eratosthenes-z-kyreny



Ptolemaios 100 — 170

predstava svéta - v dile Almagest podava prehled vSech dosazenych astronomickych
poznatkd na zdkladé geocentrické soustavy zalozené na predepsaném systému pohybu
,hebeskych sfér”, na nichz jsou podle ného nebeska télesa upevnéna.

Schema huius pramiffe divifionis Sphararum.

Figure 3.2. Ptolemy’s “proof™ that the Earth does
not move or rotate. If a person on the Earth’s
surface at point @ jumps up, and the Earth’s surface
moves, the person will fall back at point b. But
observation shows that the person always falls back
at the original point a. This proves, argued Prolemy,
that the Earth is stationary and hence the heavens
must revolve around the Earth.

Fig. 1.1 Ptolemy’s model of the Universe placed the Earth at the centre, with the Sun, Moon,
planets and stars all moving about it. This drawing is taken from Peter Aplan “Cosmographia”
(1524)



5.-11. stoleti - nékolik astronomu véetné Aryabhata, Aloumasar tvrdi, Ze Slunce je stfed vesmiru
6. stoleti - John Philoponus navrhuje vesmir, ktery je konecny v ¢ase a argumentuje proti
staroreckému pojeti nekone¢ného vesmiru

9. az 12. stoleti - Alkindus (Alkindus), Saadia Gaon (Saadia ben Joseph) a Al-Ghazali (Algazel)
podporuji vesmiru, ktery ma kone¢nou minulost a rozvijeji logické argumenty proti konceptu
nekonecné minulosti (jeden z nich pozdéji pfijal Immanuel Kant)

964 - Abd al-Rahman al-Sufi (Azophi), persky astronom, prvni zaznamenané pozorovani galaxie v
Andromedé a Velkém Magellanové mracnu, jde o prvni galaxie jiné nez Mlécna draha, kniha stalic

12. stoleti - Fakhr al-Din al-Razi pojednava o islamské kosmologii, odmita Aristotelovu myslenku
Zemeé-stred vesmiru, a v souvislosti s jeho komentari k versi koranu, "VSechna chvala nalezi Bohu,
Panu svétl "navrhuje, Ze vesmir ma vice nez" tisic tisicl svétll mimo tento svét takovych, Ze kazdy z
z nich mlZe byt vétsi a hmotnéjsi nez tento svét"[4] Tvrdil Ze existuje nekonecnost za hranicemi
znamého svéta, [5] a Ze tam mUzZe byt nekonecny pocet vesmiru. [6]

13. stoleti - Nasir al-Din al-Tusi poskytuje prvni empiricky diikaz pro rotaci Zemé kolem své osy
13. stoleti -. Nachmanides naznacuje, Ze vesmir se rozpina

15. stoleti - Ali Qushji poskytuje empiricky dlikaz pro rotaci Zemé kolem své osy a odmitd stacionarni
teorii Aristotela a Ptolemaila

15.-16. stoleti - Nilakantha Somayaji a Tycho Brahe navrhuji vesmir, v némz planety obihaji kolem
Slunce a Slunce obiha kolem Zemé, tzv. Tychon(v systém



Mikulas Kopernik

obrat v chapani mista ¢lovéka v kosmu

* Smm %’?r

R.1533 bylo dilo De Revolutionibus
predneseno papezi Klemensovi VII.

Norimbersky teolog Osiander premluvil
Mikulase Kopernika, aby v predmluvé ke

Figure 2.10. The universe according to Copernicus with the Sun occupying the

center. The heliocentric universe originated in the third century sc and was Pé s v . 0 . .

proposed by Aristarchus of Samos who “brought out a book consisting of certain Sve m u d | I u p red StaV| I SVUJ m Od el Ja kO
hypotheses in which the premises lead to the conclusion that the universe is many , . . sy , v

times greater than that now so called. His hypotheses are that the stars and the sun hypotezu’ aby ZJemnll Odvazne myS|enky

remain motionless, that the earth revolves about the sun in the circumference of a
circle, the sun lying in the middle of the orbit” (Archimedes [about 287-212 ec],
The Sand Reckoner. T. Heath, Aristarchus of Samos).
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Fig. 1.4 Brahe’s hybrid model kept the Earth at the centre of the Universe, with the Sun and other
planets orbiting it, but with Mercury and Venus also orbiting the Sun (image from a drawing by
Valentin Naboth in Primae de coelo et terra institutiones (1573))
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Fig. 1.2 Copernicus’ model of the Universe placed the Sun and not the Earth at the centre (image
from Copernicus’ De revolutionibus orbium coelestium (1543))
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Fig. 1.5 Johannes Kepler
discovered that the planets
orbit the Sun in ellipses and
not circles (image from a
1610 oil painting of Kepler)
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Fig. 1.9 Galileo with the telescope that he built to observe the moons of Jupiter and the phases
of Venus (image of Galileo from Popular Science Monthly Volume 78 (1911). Image of Galileo’s
telescope by the author)
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Galileo Galilei:
1564 — 1642 AD
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Galileo Galilei:
1564 — 1642 AD
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“I have observed the nature and the material of the
Milky Way. With the aid of the telescope this has been
scrutinized so directly and with such ocular certainty
that all the disputes which have vexed philosophers
through so many ages have been resolved, and we are
at last freed from wordy debates about it.

The galaxy is, in fact, nothing but a collection of
innumerable stars grouped together in clusters. Upon
whatever part of it the telescope is directed, a vast
crowd of stars is immediately presented to view. Many
of them are rather large and quite bright, while the
number of smaller ones is quite beyond calculation.”

from The Starry Messenger (1610)
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Isaac Newton (1643 - 1727)

Zakon vSeobecné gravitace a jeho dusledky

Edmond Halley

Podle Newtonovy metody propocital drahy
24 komet v praci 1705
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Charles Messier (1730 - 1817) lovec komet.

Jeho zasluhou byly komety systematicky popisovany
do hvézdnych map, pro usnadnéni hledani vydal prvni
katalog mlhovin a hvézdokup, ktery obsahoval 103
objektl ( 60 objeveno samotnym Messierem).

Z téchto 103 objektl bylo 33 galaxii, predevsim
spiralnich, 27 kulovych a 30 otevrenych hvézdokup a
11 plynnych mlhovin.

Pouze u dvou z téchto objektl Messier chybné
povazoval za mlhovinu.

Pozdéji byl katalog doplnén o 7 dalsich objektd. V
Messierové katalogu M 1 oznacuje Krabi mlhovinu, M
31 mlhovinu v Andromedé a M 42 mlhovinu v Orionu.



Sir Frederick William Herschel

Catalogue of One Thousand new Nebulae and
Clusters of Stars (1786)

zrcadlovy dalekohled
objevil infraCervené zareni

Hig

igure 4.7. William Herschel's 40-foot telescope in 1795.

Dalekohled s f=12 m
28. srpna 1789 objevil
Saturntv mésic Enceladus.

Fig. 1.19 Herschel’'s map of the Milky Way which came from counting the stars in over 600
different locations and assuming they all had the same intrinsic brightness (image from a paper
entitled On the Construction of the Heavens by Herschel published in Philosophical Transactions
of the Royal Society of London, Vol. 75 (1785))
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Velka debata
1920

National Academy of Sciences, Washington

https://apod.nasa.gov/debate/1920/cs_lplan.html

Harlow Shapley vs Heber D. Curtis

Predtim se véfilo, Zze Mlécna draha ma primér 15 - 20 000 svételnych let, a Ze Slunce
lezi v centru Galaxie

Shapley nakonec dospél k zavéru, ze primér je témeér 300 000 svételnych let, ackoli
zjistil, Ze MIécna draha je mnohem vétsi, nez si kdo predstavoval ,jeho odhad priméru

byl pfilis velky .



Central bulge

_ Galactic nucleus
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1922: Hubble finds
Cepheids in the Great
Nebula in Andromeda







Hubble also measured
the shift in colour, or
wavelength, of the
light from distant
galaxies.
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Hubble also measured
the shift in colour, or
wavelength, of the
light from distant
galaxies.




Hubble also measured
the shift in colour, or
wavelength, of the
light from distant

galaxies.
QBJECT RECEDING: QBJECT APPROACHING:
LONG RED WAVES SHORT BLUE WAVES



Hubble’s Law: 1922
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Distant galaxies are receding from us with a
velocity proportional to their distance



(b}

Hubble’s Interpretation

‘Recession of the Nebulae’ caused
not by the motion of galaxies
through space, but the expansion of
space itself between the galaxies
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Figure 4.8. William Herschel's sketch of various nebulae in his paper
“Astronomical observations relating to the construction of the heavens™ (1811).
According to the Wright—-Kantian hypothesis the nebulae are distant milky ways
like our Milky Way, and according to the Kant-Laplacian hypothesis they are
swirling clouds of gas located in the Milky Way that are in the process of
condensing to form new solar systems.

2o -ﬂ:m'ﬂ ?’M‘.'ﬂ A %nﬂwr!ﬂ:‘ 514_ 15,

g. 1.20 Joseph von Fraunhofer’s sketch of dark lines on the spectrum of the Su
scovered in 18141815
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 MuUze znalost kosmologie ovlivnit nas systém
hodnot a etické postoje? V jakém smyslu?

e Odkud jste Cerpali dosavadni znalosti o
vesmiru?






Earthin July Nearby star

Sun ® in January



View from the Earth in January

Earthin July Nearby star

Sun ® in January



View from the Earth in January

Earthin July Nearby star

View from the Earth in July

Sun ® in January



View from the Earth in January

Even the nearest star shows a parallax shift
of only 1/2000%" the width of the full Moon

View from the Earth in July




Cepheid Variables: Cosmic Yardsticks

255

Brightne

Brightness

Luminosity




The nature of
the nebulae?...



T
[
i

] & | - ;
Ay b S LT
Al "'-i L oL -'.i ]
i [

[
L




| bluesh'ifte'd.




clustered

gravity




clustered

gravity




clustered

gravity

peculiar
velocity




Main local distortion due to Virgo cluster




The Cosmic Distance Ladder
i
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from remote galaxies, o Galuxies
where peculiar | '
motions are less

Problem:

.

. dishers | ﬂj;jz;r Newhy il , ;
important.... ) o |
...bUt.... : % ' T‘:gs'__":‘s'w i
|
N 1 Mpe
. T ,
We cannot use primary e I
distance indicators to | Magellanic Clouds | |
. . rags e 10 kpc
measure their distance i H S
Need Distance Ladder!! i '
o sysiem




The Cosmic Distance Ladder

HST has ‘bypassed’

one stage of the H, ]
Distance Ladder, by [P 2 [Pt |
observing Cepheids M;E_LH;"; GmHm |

I = g
beyond the o§al ﬁ;z,ﬂ = ]f;:iizjf Dbg =
Group of galaxies Y Ll Vo) | | Glewies | [

‘——._.
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SN198FA ZAMS
measurements of H,
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Virgo Cluster galéxy :
M100, 60 million light years distant.....




Cepheid Variable Star in Galaxy M100 HST-WFPC2
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Measurg Cepheid distances to ~30 nearby galaxies,
Link Cepheids to Secondary distance indicators



The Cosmic Distance Ladder
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The Cosmic Distance Ladder

Must ensure that H | A
0
remote galaxy data | -
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Must ensure that
remote galaxy data
are free from
Selection Effects

e.g. intrinsically
brighter or bigger?...

: 1

Malmaquist Bias

(

The Cosmic Distance Ladder
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Will the Universe continue
to expand forever?

To find out we need to compare the expansion
rate now with the expansion rate in the
distant past...

Is the Universe speeding
up or slowing down?



Answer depends on the geometry of the
Universe




Answer depends on the geometry of the
Universe




Answer depends on the geometry of the
Universe




Answer depends on the geometry of the
Universe







Geometry of the Universe affects
the relationship between distance
and redshift of the supernovae




Supernova
"Velma"

z=1.05

Supernova
"Alvin"

z=1.04




SN 1999fv "Dudley Doright" z=1.23

CFHT Nowv. 4, 1999

CFHT Oct. 3, 1999
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CoBE map of te e across the sky,




CoBE map of temperature across the sky




Galaxy formation is highly sensitive to
the pattern, or power spectrum, of
CMBR temperature ripples
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From Bennett et al (2003)

First year WMAP results published Tuesday 11t Feb
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Answer depends on the geometry of the
Universe




.«Resu{ts-:






