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Theexpanding universe l:
How do we know?
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__Specral' relativity

The are precisely the
same in al inertial frames of reference.

General relativity

The are precisely the
same in all inertial and freely falling
frames of reference.
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_Generdl relativity

« Masstells space how to curve
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__I-heentire Universein oneline

Geometry of Distribution of

space-time mass and energy

(Einstein tensor) In the universe
(stress-energy tensor)
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__I-hecosmic distance ladder

— solar neighborhood (< 1 kpc)

— distances within the Galaxy (<100 kpc)

— nearby galaxies (< 20 Mpc)

— distant galaxies (< 500 M pc)

— cosmological distances (~ 1 Gpc)
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__Selution

— obscuration: Kapteyn/Curtis could only see a

small fraction of the Milky Way disk

— dimming: stars appear to be dimmer
Shapley, ignoring dust, concluded that g
clusters are farther away than they actual

Milky Way is 30 kpc across, Sun is 8.5
center.

obular
y are.

Kpc off

Spiral nebulae are galaxies like the Milky

Way. Distance: millions of parsec.
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Edwin Hubble
—(1889-1953)

The establishment of the
Hubble classification
scheme of galaxies

The convincing proof that galaxies are 1sland
“universes’

The distribution of galaxies in space
"he discovery that the universe is expanding
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_TheHubble tuning fork
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__I-heHUbble tuning fork

(EO-E7)

— classified according to their flattening: 10" (1-b/a)

(S0, Sa-Sd)
— classified according to their bulge-to-disk ratio
— Sa: large bulge, Sd: small bulge
— S0: transition spiral to eliptical

(SBO, SBa-SBd)

— classified according to their bulge to disk ratio

(Irr)
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__Deoppler etfect (for light)

The light of an approaching source is shifted to the blue,
the light of areceding source is shifted to the red.

Astronomy 201 Cosmology - Lecture 25




__Doppler effect

The light of an approaching source is shifted to the blue,
the light of areceding source is shifted to the red.

blue shift red shift
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z=0: not moving
7z=2:. \v=0.8c
Z=¥ . \V=C
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_I-heredshift-distance relation
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_I-heredshift-distance relation
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__Keyresults

 Most galaxies are moving away from us

 Therecession speed Vv islarger for more
distant galaxies. The relation between
recess velocity . and distance | fulfillsa
linear relation:

e Hubble' s measurement of the constant

 today’s best fit value of the constant:
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__Question:

If all galaxies are moving away from us,
does this imply that we are at the center?

ANSwer :

Not necessarily, It also can indicate that the
universe is expanding and that we are at no
special place.
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