How vwe know what we do:

= Radar meging - distances among plamets + AT
= Moapurwd parallawes of stam
= Compparison of main seqoences of star choasters
= Use of sandard candles
— Dwisrmiming disincs to Androessda galocy using tamable
bt
— Milly Wy wvas just one of mam: galawrics
— Usa of varahble stzes to find distamce to Vizge Suparchichar
— Usq of Hubhle's Lan:
= Advasces m telescope technology and space telescopss!

Edwin Hubble's Distance to Andromeda Galaxy

In carly 1900 it was thought that
whole Universe — plangts, stars,
and fizry ohjects called nefbalac
— v comtingd within Calney.
Crar gzlaxy wes the Univemss.

In 1513 using Hocker tmlescape
on hazy patch of sy called
Amndmmada Mobaly, Habibls
stars just liks those i oo galooy S 0
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Alore chser-ations turmed up more T
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Tha rest is history. [ IS S—

Astropomers create thres-dimentional maps of che Universe
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chmﬂlm!hmgmmn-:-fm modelks of the
stucms formation with obserations
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Leaming Objectives

Baablato:
= Desciog wiat teg Univarss: Locks Lice on the lrgest scales.
= Fxplas boor we ko this.
= Fummorize the evidesce for dark =it
- (Galaxy rotztion CETas
— Pegalizr motice
— Promanca of hot gas

= Ewoviu the role dark meiter plryed o the fomeatics of large-scala
strocte=e




The Universe an the larzest scalex

Feminder:
= Btare, galawies, chustars all gravitationally bownd systams.
» Graty has cvarachelmed the expansion at these lovals.

» Fxpansica is among the buge fleents comtaiwime chictars of
galaxics
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What the Universe
looks [ika on larzer
scale
= Our saighborhood of Pﬂgpa:tl'l;e‘?
galawies & mather spamie
compared o othars. Scale?
= Roveghaly 40 galaooas; all
bt 3 (maybs £) baing
sl iregnlar or dweef
alais. You are here

» ¥ gizet alEpticals!




Virgo Superchuster 480,000,000 lizht vears anzy Crthar “nearby” clustars of zalaxies

Rpeinleft mogacargs 400 bom sec LESE than Hubble sogerrcion woeald
sazoast
Hugp clustar is gadmlly sloving the Lol Group dova ?

Drizcovering dark matter
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How do we koo 1t eocists if
e can't “3EET #HT
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