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The expanding universe I : The expanding universe I : 
How do we know?How do we know?
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Newton’s LawsNewton’s Laws

Newton’s Law Newton’s Law 
of Gravityof Gravity

History of CosmologyHistory of Cosmology

Special RelativitySpecial Relativity

General RelativityGeneral Relativity

Cosmic Distance Cosmic Distance 
LadderLadder

Size and Age Size and Age 
of the Universeof the Universe ????
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Special relativitySpecial relativity

The The laws of physicslaws of physics are precisely the are precisely the 
same in all inertial frames of reference. same in all inertial frames of reference. 

General relativityGeneral relativity
The The laws of physicslaws of physics are precisely the are precisely the 
same in all inertial and freely falling same in all inertial and freely falling 
frames of reference. frames of reference. 
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General relativityGeneral relativity

•• Mass tells space how to curveMass tells space how to curve

•• Space tells mass how to moveSpace tells mass how to move
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The entire Universe in one lineThe entire Universe in one line
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The cosmic distance ladderThe cosmic distance ladder
•• ParallaxParallax

–– solar neighborhood (< 1solar neighborhood (< 1 kpckpc))

•• Main sequence fittingMain sequence fitting
–– distances within the Galaxy (<100 distances within the Galaxy (<100 kpckpc))

•• CepheidsCepheids
–– nearby galaxies (< 20 nearby galaxies (< 20 MpcMpc))

•• TullyTully--FisherFisher relationrelation
–– distant galaxies (< 500 distant galaxies (< 500 MpcMpc))

•• Type 1a supernovae Type 1a supernovae 
–– cosmological distances (~ 1cosmological distances (~ 1 GpcGpc))
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Nature of spiral nebulae ?Nature of spiral nebulae ?

CurtisCurtis

•• MW is 10 MW is 10 kpckpc acrossacross

•• Sun near centerSun near center

•• spiral nebulae were other spiral nebulae were other 
galaxiesgalaxies
–– high recession speedhigh recession speed

–– apparent sizes of nebulaeapparent sizes of nebulae

–– did not believe van did not believe van 
Maanen’s Maanen’s measurementmeasurement

�� Milky Way = one galaxy Milky Way = one galaxy 
among many othersamong many others

ShapleyShapley

•• MW is 100 MW is 100 kpc kpc acrossacross

•• Sun off centerSun off center

•• spiral nebulae part of the spiral nebulae part of the 
GalaxyGalaxy
–– apparent brightness of apparent brightness of 

nova in thenova in the AndromedaAndromeda
galaxygalaxy

–– measured rotation of measured rotation of 
spirals (via proper motion) spirals (via proper motion) 
by van by van MaanenMaanen

�� Milky Way = UniverseMilky Way = Universe
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SolutionSolution

•• Role of dustRole of dust
–– obscuration:obscuration: KapteynKapteyn/Curtis could only see a /Curtis could only see a 

small fraction of the Milky Way disksmall fraction of the Milky Way disk

–– dimming:dimming: stars appear to be dimmer stars appear to be dimmer ��
ShapleyShapley, ignoring dust,  concluded that globular , ignoring dust,  concluded that globular 
clusters are farther away than they actually are.clusters are farther away than they actually are.

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

�� Spiral nebulae are galaxies like the Milky Spiral nebulae are galaxies like the Milky 
Way. Distance: millions of parsec.Way. Distance: millions of parsec.
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Edwin Hubble Edwin Hubble 
(1889(1889--1953)1953)
Four major accomplishments Four major accomplishments 
in extragalactic astronomyin extragalactic astronomy

•• The establishment of the The establishment of the 
Hubble classification Hubble classification 
scheme of galaxiesscheme of galaxies

•• The convincing proof that galaxies are island The convincing proof that galaxies are island 
“universes”“universes”

•• The distribution of galaxies in spaceThe distribution of galaxies in space

•• The discovery that the universe is expandingThe discovery that the universe is expanding
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The Hubble tuning forkThe Hubble tuning fork
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The Hubble tuning forkThe Hubble tuning fork

•• Elliptical galaxiesElliptical galaxies (E0(E0--E7)E7)
–– classified according to their flattening: 10classified according to their flattening: 10´́ (1(1--b/a)b/a)

•• Spiral galaxiesSpiral galaxies (S0, Sa(S0, Sa--SdSd))
–– classified according to their bulgeclassified according to their bulge--toto--disk ratiodisk ratio

–– Sa: large bulge, Sa: large bulge, SdSd: small bulge: small bulge

–– S0: transition spiral to ellipticalS0: transition spiral to elliptical

•• Barred spiral galaxiesBarred spiral galaxies (SB0, (SB0, SBaSBa--SBdSBd))
–– classified according to their bulge to disk ratioclassified according to their bulge to disk ratio

•• Irregular galaxiesIrregular galaxies ((IrrIrr) ) 
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Doppler  effect (for  light)Doppler  effect (for  light)

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

the light of a receding source is shifted to the red.the light of a receding source is shifted to the red.
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Doppler  effectDoppler  effect

red shiftred shiftblue shiftblue shift

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

the light of a receding source is shifted to the red.the light of a receding source is shifted to the red.
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Doppler  effectDoppler  effect

redshiftredshift::
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The The redshiftredshift--distance relationdistance relation
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The The redshiftredshift--distance relationdistance relation
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Key resultsKey results

•• Most galaxies are moving away from usMost galaxies are moving away from us

•• The recession speed v is larger for more The recession speed v is larger for more 
distant galaxies. The relation between distant galaxies. The relation between 
recess velocity recess velocity vv and distance and distance dd fulfills a fulfills a 
linear relation: linear relation: 

v = Hv = H0 0 ´́ dd

•• Hubble’s measurement of the constant  Hubble’s measurement of the constant  HH00::
HH00 = 500 km/s/= 500 km/s/MpcMpc

•• today’s best fit value of the constant:today’s best fit value of the constant:
HH00 = 65 km/s/= 65 km/s/MpcMpc
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Question:Question:

If all galaxies are moving away from us,If all galaxies are moving away from us,

does this imply that we are at the center?does this imply that we are at the center?

Answer :Answer :

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


