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Cosmology

~kosmos world; logos, knowledge or science

~The science of the world.

Cosmology — the study of the origin and
evolution of the universe
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In the beginning ...

http://www.spaceandmotion.com/cosmology-history-astronomy-universe-space.htm

http://www.sacred-texts.com/eso/sta/sta03.htm

~Pythagoras (ca. 560-480 BCE)
~ Aristotle (384-342 BCE)
~Ptolemy (ca. 100-170)

Epicycle

Deferent

http://www.daviddarling.info/images/epicycle.gif
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The Clockwork Universe

Sir Isaac Newton (1642-1727)
~~Principia (1689)

“~ Philosophiae Naturalis Principia
Mathematica (Mathematical
Principles of Natural Philosophy)

(1687)

~~Laws of Motion
~Law of Gravitation
“~~Inverse Square Law

~Kepler's Laws Explained
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~Space
~Non-Euclidean Geometry

~Gauss, Riemann, Bolyai
~Time

~Special Relativity - Einstein

~QGravitation

http://www.zamandayolculuk.com/cetinb

~General Relativity - Einstein

~Determinism ';/{’; D)
éx =.<::*ﬁi 5}:;;: #;;%}’/:
~Quantum Mechanics N

~Planck, Einstein, Bohr, Heisenb%rgggschrodinger,
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http://www.zamandayolculuk.com/cetinbal/AE/Deformation.jpg

Pre-Modern Cosmology

1915 General Relativity

1916 Schwarschild

1917 de Sitter

1922 Friedman

1927 Lemaitre

1929 Hubble

1932 Einstein-de Sitter
Dark matter? _ *.1

*1948 Gamow - CMB »
Alpher-Bethe-Gamow theory \

*1950 Hoyle — Steady State . Lemd Einstein

*1965 Penzias and Wilson

http://www.catholiceducation.org/articles/science/sc0022.html
The First Three Minutes, UNC Wilmington, 2008 7



http://www.catholiceducation.org/articles/science/sc0022.html

Edwin Hubble

IDhiscoveErRY oF ExrPaAnDING LUINIVERSE

== Telescope

-
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http://map.gsfc.nasa.gov/media/ContentMedia/990044b.gif

EM Spectrum

Fenetrates Earth's
Atmosphere? N N
Radiation Type  Radio Microwave Infrared Visible Ultraviolet  X-ray Gamma ray
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Temperature of
objects at which
this radiation is the

most intense - 1K 100 K 10,000 ¥ 10,000 000 K
wavelength emitted - WU,
veleng =272 °C =173°C 9727 °C ~10,000,000 *C

http://en.wikipedia.org/wiki/Electromagnetic_spectrum
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http://en.wikipedia.org/wiki/Electromagnetic_spectrum

Doppler Effect

: %,
This observer

This observer
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sees redshife

idge/astr101/kaufs_23.JPG

; fee s
“ i e

. moving toward you: blshift

l w/n at rest =

N moving away from you: redshift
Distance -

Speed
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http://snap.Ibl.gov/images/redshift.jpg


http://universe-review.ca/F02-cosmicbg.htm
http://snap.lbl.gov/images/redshift.jpg
http://odin.physastro.mnsu.edu/~eskridge/astr101/kauf5_23.JPG

Olber's Paradox 1823
Why 1s the sky dark at night?

http://en.wikipedia.org/wiki/Olbers' parado:

The First Three Minutes, UNC Wilmington, 2008

11


http://en.wikipedia.org/wiki/Olbers'_paradox

Arno Penzias and Robert Wilson

DiscovERrY oF Cosmic BACKGROUND

Arno Penzias

MAP290045 Robert Wilson
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http://www.jca.umbc.edu/~george/images/cosmology/penzias_wilson_pic.jpg


http://www.jca.umbc.edu/~george/images/cosmology/penzias_wilson_pic.jpg

Cosmic Microwave Background

Pencias ancl
Wilson

http://www.space.com/scienceastronomy/map_mission_basics 030211.html
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http://www.space.com/scienceastronomy/map_mission_basics_030211.html

COBE

http://commons.wikimedia.org/wiki/Image:Cobe.jpg

‘Deployable Sun, Earth,
RF/Thermal Shield

Helium Dewar

Deployable Solar Panels

' Earth Sensors
Deployable Mast

WFF Omni Antenna

TDRSS Orfini Antennia,



http://commons.wikimedia.org/wiki/Image:Cobe.jpg
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History of Universe

Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
400,000 yrs. Galaxies, Planets, etc.

lnflation_ _

N

Quantum )
Fluctuations %'

1st Stars R e
about 400 million yrs.

Big Bang Expansion

13.7 billion years



What We Know

~Homogeneous

~Isotropic

~Age of Universe

~Temperature

~Energy => Matter + Antimatter (?)
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Evolution

~Quarks => Protons

~Protons => H, He, ...

~Heavier elements are more complicated

~QGravity => galactic clouds => stars

~Star get hotter => forms heavy elements
~Q ... Fe

~Star Explodes and pollutes cosmos 500
billions years ago
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Supernova 1987A

o ’ nAnglo-Australlan Observatcry

http [lwww. oberlln edu/physms/dstyer/Astronomy/

http://science.nationalgeographic.com/staticfile
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http://www.oberlin.edu/physics/dstyer/Astronomy/Supernovae/SN1987A.jpg
http://science.nationalgeographic.com/staticfiles/NGS/Shared/StaticFiles/Science/Images/Content/star-debris-supernova-1987a-ga.jpg

What Don't We Know?

q " 9 Questions
S0 o
[ B are
Y guaranteed in
life;
Answers
aren't.
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Principles ...

Cosmological Principle — the universe

looks the same to observers everywhere ...

Copernican Principle — we are not at a
privledged position in the universe

Anthropic Principle -

http://www.answers.com/topic/anthropic-principle
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http://www.answers.com/topic/anthropic-principle

