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How do we see our world?




A changing world




The Earth at night

Earth at Night Astronomy Picture of the Day
More information available at: 2000 November 27
http://antwrp.gsfc.nasa.gov/apod/ap001127.html http://antwrp.gsfc.nasa.gov/apod/astropix.html



Our place In the universe




Our Home

Apollo 8




Our Home

MESSENGER (© NASA)



© Cassini/NASA



Family Portrait of the Solar
System

Voyager 1



Our place in the Milkv Wa
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Place three grains of sand inside a vast
cathedral, and the cathedral will be more
closely packed with sand than space Is

with stars.

James Jeans
guoted in

Big Bang by Simon Singh (2004)



cartn’'s atmospnere
Shield and Window to the

| Iniverce

{2I8UUSOWIE 0 LOHIEY) DO)




ran
Firse | Varietyof
Wurse of e four: insects
Do e Vore- |Eoiytand fowbed | bein o
forme) A s | Rourish
F) 3 % ekl

m

Tikn st

incestors Lnawn

i3 tids

23:54 Anatomically modern humans
23:39:45 Inver 9

23:59:50 Pyramids builtin Egype
23:59:59 Voyage of Christopher Columbus

v A !
: ¥ i - % 5 " A ¥
X Lo % 1 oo g
> 9 3 ¥ ty S s
£ o ’ ..
¥ Ve % *
s ; 2 « S i » e
v o . . . g ¥ ;
; : ! 3 . . >
Y = 5 .
- o 5 g v ’ Vi b
-5










The dark side of the
universe

What is the universe
made of?

How do we understand
the universe?

What are Dark Matter and
Dark Energy?




The ,,invisible” Universe

» Large parts of the Universe are dark
» ,Dark” (non-luminous matter) is everywhere

 Measurements through indirect methods

Einstein’s Theory of Relativity



Basics of Cosmology

(our world view)
Theory of Gravity

Isotropy

Homogeneity

Anthropic Principle



Gravitation!

Of the four fundamental forces (Gravitation,
Electromagnetism, Weak and Strong Forces) only

gravitation determines the evolution of the
universe.
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What i1s In the Universe?

SRy



What i1s In the Universe?

BT CMs Experiment at the LHC, CERN
> Data recorded: 2012-May-13 20:08:14 621490 GMT
. W h t | a ’ Run/Event: 194108 / 564224000 ’
a e S e L

Neutrinos
Higgs particle
yet unknown particles

radiation
27?77




THE. VELOCITY-DISTANCE RELATION:
FOR EXTRA-GALACTIC NEBULAE
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The original Hubble diagram
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A modern Hubble diagram
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The age of the Universe

All galaxies start at the same point,
which leads to the following picture




The expansion Is the same
for everybody (Isotropy)
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The Supernova of 1054
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Cosmology with
Supernovae

It Is very difficult to measure distances in
the universe. Supernovae are an
essential tool to determine the expansion
rate and its history.



Distance measurement with
a constant light source
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Supernova Cosmology Project
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The SN Hubble
Diagram

“expansion”
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This is a very interesting paper that makes me very nervous. Ultimately
the solution is to publish it and let the world take its shots.
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Physms Nobelprlze 2011
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Saul Perlmutter Brlan Schmldt Adam Rless

"for the discovery of the accelerating
expansion of the Universe through
observations of distant supernovae"
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Contents of the universe

Dark Matter and Dark Energy are the
dominant energy components in the
universe.




What does this mean?

The universe Is essentially

The universe expands forever

No convincing physical interpretation of the
cosmological constant or the vacuum
energy

Only 4% of the universe are of the same
matter as we are (and that we know)



Our universe
Our world



The true age of discovery in astronomy is only
just starting.

F. Zwicky



