1. COSMOQOg icall principles
1.1. Inteoduction to Caamoﬁo‘”
Cwmaoﬂ(? and the  evolstion ?} 4he  Universe
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evolisfion oj the Universe.

Oue  corrent picture of the Universe (4) 4s

ot gallaies J&m a Qaze scale shructue.

D we wort to uderdfand this (as well

as the morPthb(?GCa_Q variely , evolotion, efc ),
we heed o modeD ?} +he (J)orm-aﬁ‘cu\ j &aﬂoxies
ond  stroctores: Thus, an important Jod is to
81‘0&3 {the ()){"ST 80&@6&3 ond stoes  (9).

We Know that, bﬁofe Pus, there Wos an €poch  where noﬂ% Was GPormeo\ . the dack
&jp,s (3).

Be())ore thal, recmbination ocurred (%), At recombination , pho‘ibns decooFdi fmm malter, Ths
Jimﬁ decoupled photons J)Mm the cosmc  microwase lDG.Cb%rwAcl (Cug), an there Ope obsorvatins
ﬁ{heir tempershue (ene%) distribotion —> gmall onisstrapies.

60{/\9 cven @oclier, We veed fo uadersind the rBi{a &MD nucho%nﬁ/ears (5), since nod ol the eloments Cﬁ
the periodic table con be aenem’re& in shass.
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Boore fhe Jormation o) this demerts, there wos o “Cosmic Sovp” % quorks (58%), Jorce camiers  (29%),
decton-dike pacticles (97.), nevtrines (5%) and Higgs bossns - Quarks combined in profons and neotrons
Cjurtr\j bacyogeress (6).

'Pr?,cecli/\a ol frab, thee was an if\(?(),ulcion Cacc?)leml@\ epunsion) pericd (3). We do net hove direct
Observations cj s, kot 4t s flecessary o epluin Whot we Know aboot the Univere [EH observeifional
cuvidences): (961\8{‘0& m}la’riv&a , the SH ?) 'Pw{'t‘cﬂe Physics, gqﬂ‘”‘j )O(IV\CL'HO/\, ‘t\r\eﬂ\r\oé&nwnt‘cs , ele. are unable
bo explain observations unless we inclode a period o(y ir\() Lation shortly cgw‘er the Plunck Hime.
Since our doservations re% on EM radiobion, e s o barier to our Krowledge: recombinection U’?)“f
trol, pnsons wee cogpled to maller). The defection o) 3mv£’radctom& waes open  a pew window ‘o

dbserve the Universe Jogjcwz recombination , since 3mui°raJc€c>/\c& waves emilted b9)>0/‘€ p\\ott)/\ &emolp&‘/ﬁ
Can  reach Oy.



Time and space oasmofl??:cqﬂ Scales

Time scalles
Event time ¢ NoTE : Gc&wg S\Jrvey&
Inflation 10-34 5 (?) * Hobble Ultra Deep Field ((HuDF), 2003~ 2e0u
HUBBLE
Baryogenesis ? o DEEP FHitLD - dooked at o o k Pa‘lch
— /(HUDF) )
EW phase transition 20 ps : - Oj 87 (jor 4 tonths
QCD phase transition 20 us n,,;f’:":ie” ,:ﬂ - Found. ciree, 40,000
@ ‘» O&QX.@S
Dark matter freeze-out ? 3 :
° o qZ -
Neutrino decoupling 1s AAT (AUSTNL&)/ 19 22
- Monitored. a locger h o irst
Electron-positron annihilation 6 s onde <7 € Pcd‘c y Sk; U
tremabic Sorvey) - billion light
Big Bang nucleosynthesis 3 min % ’ ‘ (7) l 27 ()EOQ?
|—> 24F i ! d Q
wveq : Food  thal ac)oxies are not random
Matter-radiation equality 60 kyr * ; (? y
distriboted — Shractore with }(@amen‘}s aad Voids
Recombination 260-380 kyr
Photon decoupling 380 kyr
Reionization 100-400 Myr
Dark energy-matter equality 9 Gyr
Present 13.8 Gyr
Spabial scales 2JF Golosy Reddift Sorey - 200.000 galtes

* Soloc gz)s{-em c Son-Eorth distaace = § Lightmin We see Jess juﬂax(as when  We Jo L' J)urber Jistunces
« Proximee Contouri (closest shac) A Ughtgeors (reloen) — Nalmguist bias:

+ Niky ey : Spivad Gy sfrochre 400,000 Uighfyens Jor lorger distances, we only cbsere the
* Andhomede. gy (elovedf gabay): 2 million Uighpyeors beigntest g Jaxies

. GaDsz clogters :  Contain ~40.000 3aDux:es_ s (Tt dafance & 25 o for enough o reoch

ooy ore tie Dorgest drjects Dnal exist in dhe 2 where galates e nat Jumed yot).

Universe . ThEy e yormed bd individeal 5aﬂoxfe\s ond o Jotest Wneys Nave observed ~ 50 million
constidte the aape scale shochyre cg‘l‘he Universe. 3aﬂax(@5 in the locsl) Unierse

Note that thee ae d%@,@w ?y orders o; mo(.jn[’rucles in bobn Saales. This needs 1o de QP&LM&Q
L)J the dc% erent Yneories.



1.2. The eqd\m!ence 'pn'ncfpﬂe and Generall Gworiance

Weak eq_uwnﬂmce principle
APPQ;({L; Newtsn's  Secmd  low Lo grity, we cen ana@;ae the comtonte that appeac in the

eq’oq_{;(‘d/\.;'.
_CEF_ = —m GhH
dt* r2

-/ q{uomhyies the \‘reaiaﬂ‘cu\ce to Pocce”

em 4is the (9mvi‘rd(muﬁ mass

Crovitakone) and dnerfoad Mmoases ace eﬁufvalenf',

We ds pet have any obserational  evidences Oécu't\e‘f Lhis pn’nafpﬂe.

5"1‘0/? eguim@mce_ 'Prim;fppﬁ

There js no obserwble distinction bebween the T

a
local %e_ck& c§ 3mvi‘v ond  occeleradion % lg %
Con&smencem

o Time diatron _—\ ]Aﬁ
° lfj&\‘t dg(})Qec ‘Of) /
. Gl"aviﬁajct‘w\ag r’ed/ blue 8‘/\}){’

{.3. Tre cosvnoo.oau‘ca& principle: I-\om?ev\ed; and Isdropy

Cosmoaogl‘co& pnna,ole NOTE .
. The Oniverse & ‘l\om(?jengous and “""SO_}POLD“C in W,{ Hﬂmaer\eous:
CA'\' Suth‘ d@r\ﬂlg Q&c&@ SCQD&S) tronsloteon inoeond

—= The lows gf P@stcs are identocad .

Gonsecoonce : the Bartih  is ast o special point P +he Tsotropic:
UA'LVQ/‘SQ C-‘-‘t did /Lo't Make Sonse Cb’\ef‘ W\\Se)_ I"G"Q-‘[TL‘O/\ WQCL\O.A"'

It arpe a5 a prhu‘pf)e, bot now 4nee are ameZ

olasermJt(‘O(\a,u cuidences Supporju‘? ny



Hom&o/\eay aond &Sd‘ropj observational euiderces
» Jestopy 15 prved by the obsevabion of the Cue. £uen thogh there are anisirpes o

the lewel %}) 107 s is newrtheles o Proaj Pt Wheveer we Dock arownd o8 e

Universe s Olbmas e Same. Obinernise, we Woold ol be able To explain the
CesmMic  Micowove backgmux\é Modiation.

Ancther pnaoOP Con be oblomed Via the stadistral Ouﬁ.a_“(ysf\\ y’ (jaﬂq»'es Sy we
obtuin  Rimilac Jistributions lnc[ependen‘ﬂj c(s)’ the direction 9> axeryaion overaginy
oer o 3\)))&(9,1#9:) quje potda, This &> alse Troe JDur stier (})ecdwes_

. Horm[jgvxeﬁy: We. reguire  vepy QQ% soreys . (nginifxb a su)}‘denm& lesge homagenerty
scale  (iggle 2 dark oy Sungy: F530 Mpc) the Unwerse is sml‘m&g homegeneoos

3"‘00/\9 COSﬂ\oD_oZI‘ca.Q 'pri/\cipﬁe

LLTlt\e Universe 4> homozjez\eaus and 4‘&Tm‘2‘c in space
and  time”

From observotions , we Krow that dne Unverse is

Ob\omgiizj (4'/\ ())ch‘f, &Pw‘d“\&)’ thos i dis

not \r\cm??e/\eous in Eme.

Principle ey fcaak\»(b;
TI/@ egua,ﬁom describr/(xj 4o was y’ P@m‘fﬁ have ’kl/\Q dame }om irrespecﬁve “’OP the coordinate

S})sl‘em.

1.4. HisTocy of assmolleg g

Ploack wnits

Cesmolegy is 0 combination gy all C})c‘eﬂcks i physics -

- General velltiity . € (grovitutond corstun)
+ Quonfom field tneory + b (Plarck aoshat), c (speed of Lht), €
« Therme é(ynamfcs: Ko ( Boltzmann constant)

This (?(‘eﬂds hove Connections with Qach other, and owve gruem%gfe& kzj the Covp@lt(\j canstocts
wriffen obowe.



Combim‘/\& ‘lI:JrliS ccnS‘\'M"S witih the }Omper Fowe/‘ 0,@\1/&, we Ob‘{,‘a,{/\ the PQMQK units :

e Scale: 6“/03 y 1.7 x40 cm

- lime : G'Vcs ~ {0

+ Enggy : " 12 104" GV
'Empe“f)'we: Ks-‘\bsc_s' 8 e xi™K

Einstein CR egvdions. Friedmann selotion.

The J)oundaﬁons céj) Ossmoﬂoc?} wee Ginstein's Generol PGQA'H\JI*J egrua*bcms. (191s)

1 _ gné
’R)w ngwR T A= c)" =

* Mdier sefs op the Space coratue, Space Fells ynass hew To mae” The couple betweey Hrem 45

Jiven Yi) a. consut

N was inteadoced 8 abtain 4 static solotion, 4o Pq‘l'erﬁ'fa,,wg 5&;5}; the s‘rmg CQSmanﬂ(ca,Q
peinciple. This happened becasse the &Dcrsf solution (J)ouz\d bj Friedmann (4922 ) described
an @(Paﬂdf/(\j / COD,V.O{DSI'/D Universe. Solvtions alse  allowed S\n&\JQariﬁa\\ in Spacetime (8H).
Friedmann  Sellohon-

AS:SUNL{/& Qn h0m0<jemeou& ond LSo’i‘mPFc Spocr,  one (7@,{‘5 <he equa{ﬁ‘om

curvalure  pocameter
=~ P

06
K

S

G =

fa”— Ke* [ Friedmenn equation)
- malter densiky
Where o(E) 4s the Scale J)M,{*or, whitdh i8 o measure ?/D o\/u,(Lje of distances on o
a)omdnts Universe,

d =0 — shdic oniverse. Only possible with ¢=k=0

6 #£0 —> &Pandulxj or Cogp,apsixg OniveRse
A new q}uast(‘dn artses: the Universe Cither Gomes )mm or 4s kea.dr/(\j ‘o o SV\ﬁUQaﬂb
Cgmce we have a #0, the Univese ¢s eitner @)qoondin& or CaQﬂapsi/(j), This s}/(xj\)()_arfi;;
wWos named “8i9 Borg” b(; Fred Hoy e .
dntredoang tme  Cosmulogical  conshant A, Friedmann e?,uo.‘h‘a/\ becomes:

a? = M@qﬂ + é—/\c‘az— Ke*

2
Which allows o Soloton with d=o© — a=cle



Hobble - Lemaite  law  gnd 4we expansion ?’ the Universe.
Jn 194, Vesto  Shipher obsered thnal (7mﬂax£& in ewr viciaily ace
receding flrom us. He alse measwed Waf the Purther o gaﬂw?
is J)m"“ vs, the (})aﬂ@/ it moves Qe )mm s

The dpi/\s’r systhemetic 'S’rodzj o) tnis de was caried ovk Iy
demaidre  in 1997, (})(n&(‘/\g dne relaten:

V= Her Ho = 625 km/ 5 /Mo :
Hobble - Lemaitre fouw /(//
Tws yews latec (492a) Hobble pdblished similar vesults, ; ”/°:'%" ) |

Gdry)frmr@ ot e Univese oOre @(,oano\ity (bcuseo\ an :‘im
the ymotion op distant éda)des e

U(\f\;er:se evouv%‘o/\ WMQQS 81& %

»

These ace anlytical Selotion bo e Frisclmann (\?ua']‘m/\ aepmacgj
on de camponents od»{ e Universe.

Jn any Case, one feaes size gero af Some point cﬁ)
the Pa,_s‘l“- The 'B‘(j Ban(?.

I} the Universe r‘eq[ll(j shucted wiblh oo BB, ik £s not

Relative size of the universe &%)

e e — - o Nawe o bhink net we should sce the photens coming
Billions of Years J}ram L-\_ Some Sor—}_ (y C}),,ebaﬂ
Tnis 4> nef possivle becawse photors coold rot +rave] Jreely be))ore recombination  (becavse

%keg were aupled T malter. Howewr, we @ obsere the (Pn\s’r deCouPQeA Pho%ﬂs: the
CN®.

The Casmic Microwave Bo.ck(?rool\d CCFL%)

Dieaery

As it was meqhioned above, Scienbist wee Qeokr,b J)or the phators emited at e By Beng
which Were emitted wheq the  Onvese wos very hot. In the {q30's, people realised thot,
wher the Unverse was expanding, Somehing cold e }\appem/(\) to the energy of those  photons:
Ma(»)be -H\r;g were not remaining 03 hot %keg were  becasse -Eb\eg hoad coeled down
by some mechanism. This photons were discaeed &y acadedt &y Perrtas and Wik,



PRonzias and Wilson worked on 1365 J)Or Bell Qubs - lnvem‘gjm[v\g fedio Cmisston (})mm <the Mg iy wey,
ﬁ\cg (Pcm\d Seme. S‘f"‘mae residual b&o\ﬁ&mé iz, Ths voise was fselrepie, s H was ach

be«b cmifted by ony Nejghbour  asunee, An explasation was given bJ Dicke, Feebles and Widkingn

it codd  be the tesidoal Photons  coming Jrom tre Big Basy, tnat hod been cooled down
due to the epassin o) the Univeme. Tnis was the (ym& pros) c?)) The %\‘0 Ba(g model), since
it was o cloac predictian coming oof o GR with Hne cQston&& priniple. (Since 2F was
tsotrepic). The energy loss wos eplained tharoysh  bine P(f/u;apﬂe o) vedshlt: The emited

Phofon  would howe an Cnengs  Jiven bj TN Wa\ﬁaek(j'('/f\ . E= h,o'/,\. This Wﬁvegeg‘ﬁ\ woyld
gel steched when spoce expanded .

CHB ond fecombration

A new guesﬁ‘on arises: J% is f‘eao-u(y the JDrreba.Ol of the 'Bi& Bw(\j or ore we 822:'2\5 Some. Sther
epoo\ﬂ

Wnat s be,c(f\) obserred  id> ceﬁi‘a]/\lb G !oa_ck&rouné 99 Pho'iw\s COmfg <J)(‘om oll directions 3
\\av}/t(j the Same ef\eID) (TN 2.7T6 k) up }o the ©Oth clec;majl. This &5 the
MesT Perj)ecf black. be%) radiaben  thed has been obsered in the whole Onivese.

To answer the %ueﬂ“?on, we lave to leok loack in the h(sﬁ‘ob czf the Universe.

'@ p O™ There was on @pech \phere the Universe wes jﬂed with clectong,
C)

O - Edrn  protons and photons, so  trer Woe no periodic elements.
© @“ o """ Thew we o alws, gybung was lrissd, ondin dhat
® S @ o gfoch  photons were sk avle to Fravel (/)r‘eeQ; . They were
coopled 1o elecdmns Ve Comglon «Saq}’f@/frb.

On% When the electrons and photons started  do combine Gnd (}orm "()7&(‘?98/\ atoms, and
there were no (or ))ew ) electeons @”r, coudd phefors  stodt traveding farysh  tne Uniere.
Ths means et we can OnQJ see the Fho’}‘ong o(}”rer the So-called yvemmbinoton.
The csamic micrewase b‘*Ckgmw\d is the eorliost Jc»m; dnat it Con obsere, and ¢F way

emifled when fhe Unvere had cooled down bo approxtmajre% Booo K, Jar (ymm
the Plonck Temperature C’“ 6% k)

We ore Sesing e photens coming (Pnom the (Jkrebaﬂ ?}> Ye %‘j (E’“"‘Q , b a I} has
hoappened  between twse Times. This will o discossed  when we take o leck to
‘HAQ Termol h‘S*Of(? Oj ‘H/\e Unierse.



Nebel prizes reloted to Coamelegy

Penrtos and Wilson were owoned with the Mobed Pre in 1478, Tas was the
Jirsjc Nobdd Prize cwoded {0 Coam»Qogg, which  was (})oﬂlomd by:

(209) Gieveconi - Discovery  of casmic X~ rey  Scorces

(2006) Smest £ Motiner - :Ds‘Scovefy o(}) anisstopies in the CHMB

(01) Perlmotter | Schmdt £ Riess - D\'.scover} ?f oceellerated BN TN ?)’ ‘e Univere
(204}? Weriss . Barish £ Tiome - D\‘aaovey ;? (jmvi%m’ciomaﬂ Ware

() Pecbles ano), /\?Of‘ £ Qudor - rD\}scove(D Co) gm\/f{ra{w'o/\dﬂ VU aCs

(2029 Penrose and Genzel 4 Gher - 'Rda‘liuﬁ; and Black  holes

1.5. Heasuring the compenents cj Je Universe.

Recap: Tre Friedmann eq_uq+?on. Jntroduckon +o 'Donsi)? Pacoumetecs.
A\'d 51‘0?+Ed U(l\'bh GR @n ElT/\,)"'e(-ﬂlé eq_ocrhdn:

g6
Cl-c
Which  under e &BmmE‘OA (Zy i&‘}m@ an Vlom?eneﬁg cun be vedoced to the Friedmenn egf,ua-}ro,._.
a2 gnk

31 deserib tre bo\cl,%)/ow\i exponssion ty te Unierse "t\'lr‘wolr\ the scale (}Lcl‘or c ().
Thes ggruahm can be remviten os:

ar HZ("Q"’+ —5 +_QA>

O~

Rio =3 9o R+ g A =

T

0o
T

Present Kpongon Nute : He™ = EL
Where:

O = Mmeosore (}mr roudive ‘ﬁ Lre nivense
0:, = WWeASsur d)or e)kpmsto/\ rate
—O-m = Mass Conlller\‘]‘

LQp = cm&od\'ca,o normaliged  densities
L

corvethone

TQ.IC(/\j a=4 ('[td%), V\E(y(nd ‘{7'/\11',' O/\gy +Wo ?J) ‘BN;’ 'U/l{ee deﬂ&')a Pa(‘ame‘fers are. i/\depfmb#;
Dy Oy v Qy = 4

Knowif‘g two of them, the third one Can ke callcleded . We olso need o mawxe Ho -



Heasw‘i/}j d?ﬂ&ib Pacometers Co.n.d_ the Hobble consteqt Hs).

Hobble - Remuitre  pacameler  Ho

As it wns mentioned before, Ho 45 fhe proportionality costast in te Hobble- demaite fuw (Ve Hor).
Thos, i+ con be ebtuined J)r»:m the measuemedt <j> dhe dishence and vecession Vep,och;) odl’
jaﬂax(es. These measurements depend  heavily an Ge mebied vsed 1o defermine fhe dytance:
a mistake in the dishance  estmaton 9ives & wrery Ho \vale.
Jn the lost Jew gears there has deen o ‘eyuro_cj{on on the
resolts Joond Jor Ho 53isg different technigues.

Dzsv(Lj cepheids, oOne B usi/\& observafions 4n the focal)
Oniverse, whide the radiation (/)Nm the CMR c:omes(})mm

Hubble Constant Over Time

w’ + ——— Cepheids
\ ) +_ G

- CMB

! Mpc™']

Hy [km s

m Cepheids e CMB ® TRGB

vy Jor oy, Vople wm de mean botween the etk
resolts O(P both  methods: He = 70 CKm/s)/Mpc.

Some  people orgue tnat s dicrepancy is  becavse the lsa) mecsvrements are still <n
a {v,?j(tv\e Wwhere homs e/Lei(‘F) hoy st been venched . Howewver, Thisis not (79j setled.
QO - Matter densﬁ;,

Captores  al) the malter (a $he Oniverse (wthever Jgjpe (tj) mate)  An approoch to calcvlete
iF s eshmaﬁrj e mMass in c?“ﬂa’fj closters ond  odd o bit more fo accont /OF jqﬂqxves
fhat do ret live 4n Ga&wﬁ? losters

The yws‘f attempt oa? meaguring the mass ?/ o gaﬂw& clogter was  corried ovt by Frite

ZU(/\'OKJ in IF Usiféj the Vydﬂashr}-?c Gq/u[@&ru‘um. He 1ok af) the 9aﬂwﬁ&5 in the closter and
callcolated the teloc b &t‘q?erafan,

galaxy cluster
.

A?nsumif(\j Jactropy , it does nct ynadter ‘novcw on% ‘ > x 3
the ane—cj— sight \/eﬂdscﬁy because Hhe disfribtin - “:'o.‘ ;
s the swme in or dicection.  Thes \,Q,Pnog v...
cfisper‘sidn Is o measuwe Cj the Kinetic nengy g .‘.\4. -: "'.';.:’.
T Jno?

There is also Some &mvih}(omﬁ enegy U=-06 Mz/g

Sice we hae an object i egruiﬂibrium, there s o relafion betweey s po+e,m‘rql) and lnelic
ensry, which we fuke to be the Virtal egoiliyium:

27T+0 =0



Neasum’fzj 0y ond the rodivs, one a Pad the wass M. He Jound thot the mass M
needed  to sopport the Syshm Was @m(“)rer Hhan Fhe Sum 900&11 the observable mass
(in ﬂaﬂax(eo). This was one c;/ the eudences o(/) the eivlence of doack vatter.

Aasther  evidence i the rotation curves %P (ﬁqﬂaxias maggured  using Stos ard the  2em- Oine
odp lr(\]drojen

Doinj twis, one (Pinds trat 0% of tre Unverm cmsia’ry matter, bok oy 12% o +hs
matter is visible.

Q=03 — Q,+0,=07

Q) - Gsmological centant

Q) 4s the  repomalitation o] the cayonogr‘d canstaat.

Jt wos meassred USing stundord candles, i.e. ohjecks that o,thys cmit the Same numbercj
Phefons  per time. One Known (o (Eam(y brrobd) staadard cendle ae Tpe  Ja Sepernovee.
From Eartn, we wll wee o brighter 80 ip it is clse Fo ov (A < Yp). Tas
proportionality 45 oly e in Evclidean space, bot space might be cuved. We wneed o
inclode the covatue o space in tre relabion between Plux ond disfance osng GR ad
the Qﬁémoﬂoﬂl‘cal f)ri/\afpﬂe, This expression (mcu:--.) will ke derved in another
chopter, and involes Qp and Qp . (0 = {-0, ~0).

F‘:om 'é\,\g obsemmbﬁes we Con cleduoe _QA, (Pn‘/dm(j g = T ;./
441 ’_.'_-
QA = O’? 425— ::3:;(2!1::‘5802'?0;::’;(‘155 N t;o{’.'
g 405‘ /
E : l‘;l.
Linea are Preoretica)  models J)o( the dependorce m(2). The E 385- _;.!./'*"" —0,-03,0007 ]
36f ,5-('-' — 0,0.3,0,=0.0 ]
Pom«eie/ gel  whidh  provides the besT j’ﬁ' {s 345_ .‘555"' -- 0,710,000 ]
Op=-0%, Q=07 s ' ' '
—~ 1.0F
This Deases os with Awe Jellowing - compesition S tre g .l
Oniverse - E o.oz
< :
Onﬁ(y oré;/wy maffer Comey odt '0'55‘
-1.0F
jfom the g%ondard  model cy i

0.01 0.10 1.00

pow‘h‘ cle ph&a‘cs . z




£ - Corvatore

(Renormedization Oj e cumatue dem in He Friedmomn Qfﬁua-}.‘o/\_ Determined frdm the valoay
c{)}—Qm ond S,

Bince Oy~ O, oor Universe 4s  odlmost (P&ﬂﬁ

1.6. Coemoﬂoatcaﬂ atfruclure Puma:\im

J% s ﬂeoeaso.r(y to sﬁuc&g structore J)ormh‘m within an @e{‘n/\dI(A) bcu:k&f‘oum)_ Thes shroctore fc{m*:oq
{s hfjh&; non- linear. This {s done Cﬁeo&(/b medels bt howe o dpd- the observed
drstritston P jaﬂmuas and Hhe strches *ﬂwﬁ (Porm (}M&wents and. voids).

Hpmoge,nei\-; , isdTrepy and stroctore ‘?ormaj-ron.

Trere ae Oots j telloscopes and steplites magping the
distribution c(>/P 3&Daxies in the Universe.

IS we had an homegenessy oad 4scfroprc Universe,
These  stroctures éor any (yo&axa al afl) wodd not be
J)orm'@’ This is somefhi;j Hnat people  reallised shartly
offer the diseoery of tme Che, ond sturfed to ok

CPor ondsotrepies in ik

This  onisstopies were J)owvi by dmost £ Matier ( pho receied o Mool Prize  becawe OOP
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