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H KOXMOAOITA THX MET'AAHY EKKPHEHX

Addorwv: Oe0dmeog N. Topaodg

1 H Ozmgio s Meyains Exxonéng

ZOppwva pe ) Oewpia g Meyding Exxongng (Hot Big Bang) to mapatnootpevo ZOumav
Eenivnoe amd o katdotao opeAntéov peyéfoug, “Amelong” murvoTnTos ®oL “amelng” Oep-
poxgactag. OLo To TOQOTNEOVUEVO ZUUTTAY NTOV RATOTE 0TO TAQELOOV CUYREVTOWUEVO OF U
OTIELQOOTA, UXQT] TTEQLOYT) TOV MOV, 08 oUVOT|neS eEAQETIHA VYNNG TuRVOTTAS %L BEQUO-
1QOOLAG.

Extote dtootéhhetan, agaudvel oL YOyeTaL.

TIGvta ta ovotatird Tov Tay »at’ aQyfV £vag cVVOUAOUOS ATTd UN-OXETIXLOTIXG OOUATIOL
1oL OXTLVOPOALAL.

Ta ovotatind Tov ZUwmovtog »dbe otyur folorovial vat’ agynyv oe ouvveyt ahinienidoaom,
mov 001 yel og dLddopeg avtdpdoels avapeod tovg. I'ia magdderypo ov og »dmoa tegiodo avd-
UECQ OTO CUOTATIXG TOV ZOUTOVTOS VITHQYOAV P, P, 1, 71, €, €T, v, I,y 08 areTd vmhf) Oeouoxoa-
ota, dLdpoes avidedoels OmTmg oL

p+pe—etet oy+y (N

e+p—e+p, n—pt+te+v, e+pe—n+v, .. 2

Mappovay ymoa peta&l Tovg.

I va pmoget novelc va, puhder yio wouopévn Beguoxrgacia 7' étav avodégetal 0To ZUumoy,
Oa moémeL va eivon BEPanog OTL To ZVpumav fitav o Oegunt| wopgodtia. Otav oL ouvOfxreg Beguo-
QAOLOLG, TURVOTITOV Kol QUOUOD SLOOTOANG TOV OV UITAVTOG, T|TOV TETOLES MOTE OL AVTLOQATELS
aVTES vaL YivovTow xal 11og TS dU0 ®atevfivoels, TOTE Ta TOQATAVM OToLElD T|Tav 08 BgQuunt)
L00QQOTTO RO 08 CUYHEVTQMOELS IOV ®000pilovtal amd T ovvOUY LGOEEOTAS.

Avayrolo nou movi ouvOnxn yuo vo Potoretor éva cmpdtio oe Begunri] L0OQEOTIA UE TO
meQIpdALov Tov, elvan va gixe avtidQaoel apreTéS GOQES He Ta VTTOAOLTO COUATIOL, MOTE VO £008L
o€ LoogoTia. Aga Ba mpémeL 0 LEGOC ¥EOVOS VA UETO 08 OV0 CUYRQOVGOELS TOV COUOTIOV AuTOU
va. glvat oD [ureoTeQog amd TV nhia t ~ 1/H tov ovumavtog. O oubuds e avtidoaong T
(aQOOS avTLOEATEMV AVA LOVAdQ YEOVOV) EVOS COUATIOOV HE TO VITIOAOLITO. 0TO OULITOLY E(VOL
avAAOYOG NG EVEQYOU SLATOUNG 0 TG AVTIOQAONG, OVAAOYOS TNG AELOUNTIXNG TTURVOTNTAS 1 TMV
oouaTimY TOu 0TOXOU oL TEMOS AVAAOYOS TNG OYETIAIG TOV TOYUTNTAS v UE TO. COUATLO TOV
ot6y0v. Hrot, !

' ~ (onv) . 3)

TToodpavmg yeetdLetan 1 pEoT TH TAVW 0TS OYETIHES TOYVTNTES TOV CWUATIOINV TOV 0TOHYOV.

'TvopiZete amd To padnpo g Soyyovng @uowig I1, g dtav pio déoun No copatidiov pe taxdmta v méoel oe
axivito 0tdy0, o TMN00g N (x) TV couatdimy mov feioxovtar axdua oty déoun (dev éxouvv oxedaotel) oe fd0og x
péoa 010 0tdy0, elvow N(x) = Npexp (—nox), 6mov o 1 eveyds datoput) Thg oxédaons Twv cmpuatdiny tng déoung
LE AUTE TOV OTOYOV, 1 1) TUXRVOTNTA TV COUATLOMY 0T0 6T0Y0. OmdTE, 0 0ELOUOS TWV RQOVOEWMY AVE LOVAdA XOOVOU
nat avd cwpdtio ™ déoung elvaw: I' = —(1/N)(dN/dt) = —(1/N)(dN /dx)(dz/dt) = nov. EGv, oL oxedaotés dev
WT0QOUV £0TM %Al ®OTE TTROOEYYLOT Vo Bemen00o0v axiviytor, tote Yoeldletal va MafeL naveis vir oy Tou TV xata-
vopt) f(v) TV OXETAY TAYVTHTOV TOV dEoUNG-0xEedAOTOV %aL va voroyioel T péon tuf| (nov) = [ dvnovf(v) pe
avth ™ ratavopr. T opoyevi) atoyo 1 murvdto n dev eEagtdran amd Ty TovTHTa v RO PToEEl va. Pyel and to
ohoxAfomua. Opmg 1 eveeyds diatopr| yevird eEagtdtol amd v oyeTirnd] TatTnTe. QoTdO00, PIToQEl ®OVelg ToAAES
$oég va extpfoel TV (nov) Yoapovids v ion meog I' ~ na v, dmov T N {aQOXTNELOTIXY HEOY TayLTNTO OTIWS
spoxvrtteL amd Y f(v) v = o (v).



Emopévwg, n ouvOfiun yia va givol 1o copatidlo og 1oogortio He To megldilov elvat
H<T ~ (onv) . “

Noa onpewmBel edd 6TL OAa T peyedn oty mogamdvem oyxéon eEapTmvtol amd To xedvo. Emo-
pEVmg, dev amotehel EXTANEYN TO OTL CWUATLO UTOQEL VOL ELVAL O€ LOOQQOTTLAL UE TO VTTOAOLIIO GV UITOV
HATOLOL QOVIRY] TTEQLODO %Ol VA TTOHOVY V. Elval ®AToLay GANY).

1.1 H Ogonoxzgacia Tov Xvumavrog
111 Potovica

Eotw o1t to ZOumav amoteleitan povo and pwtovio Beguorgaociag 1. Zoudwva pe tn Oe-
welo Tou péhovog omUaTog, 0 0ELOUOS TOV GWTOVIMV avA HOVAD OYROU oL e EVEQYELD OTO
ouwdotpa (E, E + dFE) eivon

8t  E*dE

dn =233 oB/ksT _ |

&)

OLoxAnEOVOVTAG 0TIV EVEQYELD VTTOLOYITEL RAVEIS TNV OUVOMKT TURVOTNTA TOUS

2.404 (kpT\*®
Zﬂz(h> ©

1) 076 To ohoxhflowpa [ Edn tv muxvotnta evégyelas Tov pwtovinv Beouorgaciog T’ va dive-
ToL 0Tt0 TO YVWOoTO TUTo Stefan-Boltzmann

wy = pyct = asp T* @)
ue ) otabepd Stefan-Boltzmann
7T2k‘}9 16 3 /14

H péom evépyera £, tov pwtoviov oto aéglo givat

Uy

B, = =27kgT )

3
3

1.1.2 Axtivofohria yevira

Ka0e mepiodog tng Tmmg Tov Zdpmavrog yagaxrtnitetal and v aviiotolyn Beguoxngooia
T o astd 1o, €ldN TV copatdiov (pwtdvia, e, e, p,n, H, D, ..), 7oV amote oV To meQLeyd-
uevo tov. H péon xuvnund] evégyeto tov copatdiov oe Ogppoxoaocia T eivon By, ~ kpT. Ola
10 €00 copatdinv yio Ta omoia ot dedouévn mepiodo wybel By, ~ kT > mc?, nat tov
omolmVv eUAOYO WTOQEL RAVELS VO aryvOTOEL TN HALa, vItootovv og TOTOVS TOQATAT|OLOVE AVTMOV
7OV LOY VOV YLOL TA GOTOVLOL, RO ETOUEVIS Y OQOXTNEICOVTOL CUVOMKA WS “OxTIVOPOAX” HE Ta
ddpooa etdn couatdinv vo amotehoUV TIg OLAPOQES CUVIOTMOES TNG.

N mapdderypa, 6tav to Zopmav elye Oegouonpacio pe kT ~ 1GeV to nhentodvia »al Ta
TOLLTEOVLAL TTOV UTTHEY AV € 0vTd NTav PEQOG TNG arTIVOPOoMag, apol 1 evEQyela NEEWAS TOVG
mec® = 0.511MeV < 1GeV ~ E.

OL t07oL oV LoYVOVV Yia TIS OLAPOQES CUVLOTMOES TNG axTLvofoliog dtodégovv udvo Adyw
TOU JLALPOEETLROV OV T™V avTioToL WV CopoTdimy not elvol oL eENg:

H dwadpogonf) aptduntixt) murnvoétnta evog eldovs axntivofolriog eival

_ Ang E?dE

=355 cERaT £ 1

10)



LLE TO — VoL AVAPEQETAL OF PITOLOVLOL KOL TO + O€ HEQULOVLAL, ROL TO g VAL GUUPBOMEEL TIG RATAOTA-
o€l omy tov cwpatdiov (g(y) = 2,g9(v) = 1,g(e) = 2).
O avtiotouyeg aglOunTnéc munvotnTeg elvol

 2.404g (kBT>3

4
= _ = 11
b an 2m2 hc an

AOL 1] CUVOMXT] TTURVOTITA EVEQYELOG diveTol aTtd T oyEoN

ur = pre’ = L asp T (12)
He 7
g =D )i+ g > (o) (13)

2 2

TOV “eveQyd aQLOUd RATAOTACEMV 0TV IOV ATAQTICEL TV OXTIVOPOALL.

T mapdderypa, 1 ovvelohoed TV NAEXTEOVIWYV, TOLLTEOVIWVY KL TWV GWTOVIWV OTNV EVEQ-
vewout] TurvOTNTA ToV SOUTAVTOG, Otov fitav oe Oeguxt| Loogoodiar o Beguoxoacio kT ~
1GeV , frav ug = (11/4)aspT?*, apol g* = g, + 7(ge + get)/8 =2+ 7/2 = 11/2.

e Zyolio: O QuOpds dtooToMig Tov ZVUWTOVTOg eEAQTATOL LECM TOV ¢* artd TOV Lo TV
SLapoeTrdV 0DV COUATIOIMV (peguovinv kol prolovinv) ov vadeyouvv oty PVon noL oV
Ba eivan modvTa yevirdg oe dudpoeg dpdoelg g eEEMENS Tov.

1.1.3 Hoyéon T, a wou t Yo v oxtivofforio

e 310 veapd Zhumav nugloyovoe 1 axtvoPoiia. H dwathionon g evégyeiag rotd
™Y dLaotoAi] Tov Shumavtog £dwoe T oxéon pr ~ a~. Av natd ™ SLaoToA awTh éxoupe Ral
Bepuni toogomia toTe Loy e xau 1 (12). O ovvdvaouds Toug 00N YEl oTNV

T~at (14)

AT TTOV TTEOXVITTEL KOl ATd TO YEYOVOS OTL, OTws eldaue o€ GAAO oNpelo, ToL Pinn ®OPOTOGS TG
axtivoPohiag vpiotavian xoouxi egudT o, OMAAdN A ~ a xoL ETOUEVWS 1) oxTLVOPoAia Yi-
¥eTAL oV pdpwva ue Ty (14).

o ZOppwva pe v eElowon Friedmann, xatd t) dudoxela tng ®uoLoQyiog tng axtivofoliag
070 veapd Soumay ioyve a(t) ~ t'/2. Amd avti) moorimtelL o pre® = 3¢2/(32rGnt?), m omolo og
ouvdvaouod pe v (12) diver 2

15)

1.2 O Baocwxoi otaBuoi oty 1oToQic TOV TOUTAVTOG
12.1 Amodéoucsvon tov vergivoy - EEapdvion tov tolirgoviov

Ag agyloovpe TV megrygadm tg eEEMENS Tov ZUpmavTog amd v mepiodo mou 1 Bepoponga-
ola tov fitav kT ~ 1 GeV, mov pe Bdon v (15) aviiotouyel o xedvo ¢t ~ 10 8sec, apot uéyol
TOTE 0TO ZUUTOY HUQLOQYOVOE 1) ArTLVOPOALCL.

H péon evégyelo Tov ouototin®y ToU ZUUTAVTOGS exelvn TV emoy Ntav mepl to 1 GeV . Zue-
daloOpuEVQ e TETOLEG EVEQYELES TOL OVOTAUTING TOV Z0UWITavTog Onpuoveyovoay Tig ouvOfnes Ogou-
%NS LOOQQOTUAS AVAUETQ OF P, N, €, V, Y ROL TO. AVTLOMUATIA TOVG. [Tapdyoviav xal pepund dila,
onwe A, E, X, p, @, ..., alAG dvtag aotadi) pe yodvoue Lot e TdEne 10~ sec oyedov auéong

2ASKHSH: Na amodeiEete ) oyxéon avti). ITowd frav n nlxic Tov veagol Soumavtog dtav 1 Oeguorgaaic Tov
fitav tétowo wote kT = 10 GeV,



eEapaviCovtav. Aga, TV emoyf EXEIVY) 0TO ZOUTOY VITNEY AV ROTA BAOWV p, n, €, v, ¥ HOL TO, AVTL-
owpaTd tovg. Evdeyopévog waw pegurd mr, K, mov eivan v avtd aotadf xow dev Oa mogapeivouv
YLoL JTOA.

e Ac mooxorovOnoovue ta vetpiva. Ta vetpiva Polorovrol oe Beguunt woogpomio ue Ta
VOO, LECH TV AVTLOQAOEMY

vinee+p, v+peet 0, (16)

IOV 0g QUTES TG ovvOTres ovpPaivouv €€’ (oou yefyopa xal meog tig Ovo xatevbivoels. Ot
OVTLOQAOELS AUTES XQATAVE %A TA TOWTOVLOL AL TOL VETQOVLA 08 OgQ ] LooQEOTa aALATovTog
TA PEV OTa OE.

To Z0pmav Spwg PiyeToL ®oL oL eVEQYELES TV OWUATIOMV peldvovtal. Ot eveQyol Ol Topég
0 PELOVOVTAL YT YOQA %ol oL Tay0TNTES [ TV aviiddoewy yivovtol tuxedteQes amd T oTafeQd
Hubble. Ta vetoiva »ai Ta avIveToiva Torhouy ovolaotird vo aAANAETOQOUV e TNV VITOLOLT
OA.

Orav 1 Oggpoxgacio éneoe ot kg, ~ 3MeV (t ~ 10 'sec) elyape d0o onpavtinég ah-
ravéc: (a) Ta vetpiva xot Tta avivetpivo amodeouedTnray omd TV VIOAOLT DAY ®oL oo TOTE
aQamvouv oav ehev0eoT oxtivofolia, xal (§) To IAinov ny, /n, Téywoe o TL OV £lYE exelvn
T OTLY ).

Ti améywvav ta vetpiva; Yrdoyovv yiow pog. Mag megipdllet évo 0€QLo VETQIvV pe »aTo-
vop) péhavog odpatog Oegpongaciag Ty 0 ~ 1.9°K ®ow pe munvétnta ny, o ~ 150/cm?. Aev eivon
€0%0AO VO TO, VLY VEDOOVUE ®OL AV TA VETQIVOL £xouv ur pundevir pdta, amotehov péQog g
OROTELVIC VANC.

e Ag dolue i éyive pe ta mollteovia. Avtd eivor andpo og Beguni] LGOQQEOINL HE TO NAE-
©TEOVLA RO TO. GWTOVIO LECW TV AUDLOQOUWY AVTLOQAOEMY

et+et v+ (17)

Ta pwtdvia pe Beguoxrooies pepnmv MeV umoolv ®ol ToQAYouv NAerTEOVLA AL TOLLTEO-
viat (me = 0.511MeV /c?) naL 0. %QUTAVE O8 L60QQEOT IE TO. VITOAOLTA. AVTO £OPE VA GUN-
Paiver 6tav n Bepuongoaoia éneoe oe kT < 1MeV. Aedopévou oTL exelv) T OTLYpT] VITNOYOVY
TeQLo0ATEQO NAEXTOOVIOL ATtd TTOTLTEOVLAL, 1AL ETUONG OTL OL TAQATAV® AVILOQAOELS UTOQOVoAY
va yivovtal povo amd 0QLoteQd meog ta deELd, o molitedvia aviédQaoay Le NAEXTEOVLA HOL
eEapaviommrav og pmTdvIaL.

122 H mvugnvooivOeon

e ITaparijonon: H UM oto Topmay ofjpega etvou xvpiwg H #now éva onpavtind mocootd * He.
To mocootd udtag * He opileton

1He
= ——— 1

®noL oNueQa etval yg ~ 0.24.

e Baouuj vé0eon: Extog amd 1o * He nar pegund GAAo ehadod otoryelo £xouv %00t moo-
éhevon), evad) to foUTEQA OTOL ELO TTOV PAETOVUE YUQW UAG TOQOOREVAGTIHAY OTO EGMTEQINO
aotéQmv. Me auti) TV vd0eon uToQoUUE Vo eENYTOOVUE GMOTA TLS OYETINES TEQLEXTINOTITES
1oV SOumavTog oe ehadd otouyeia, dmwe to ‘ He.

o O elagooi mvonves. Ag ouveyioovue v meQLyeadn g Lotoglag Tov Zoumovtog. Méyol
Oepuongaoiec g TdENg Tov MeV eiyape ta mEmTOVIO Rl TA VETEOVLL 08 DEQ T LGOQQOTTIN
MOYO TV avtdgdoewv (16). Tavtdygova vnoyay xol avidQdoels 6Tmg M

pt+ne DY 4y (19)

dnuoveyios xow dudomaong devtegiov. Kabmg 1o Zvumay Yoyetan #t Ao o pwtdvia mohovv
va £x0VV 0QUETT EVEQYELA YLaL VAL OL0.OTTAoOVV TO JEVTEQLO, TO 0TT0I0 aQYiLEL VO CVCOWQEEVETAL.

4



Av1d glye oov ouVETELD VO LITOQOTV VO YIVOVTOL ®oL OVTIOQATELS OTTIMG OL

DY +n3H  +v | DT 4p=?Het™ 14
SHY +p—*Het™ 4+~ | 3Het T 4n ot Het 44 (20)
TOQAYWYNS TTUQT|VV TOLTIOU %Al NALOV.

To yeyovdg ot (a) dev vdpyovv evotabeic muonveg ue A = 5, (B) otL ) ToQAYwYT TVENVOV
pe A=61MA=7péow TV OVILOQACEMV

‘He+ D <SLi4+~y, *He+3H < Li+~ @21

elvar punen) ot asantel peyaliteen amd T dabéoiun munvotnta deutepiov, xat (y) ot dev
vrdeyovv svotadeig mefveg pe A = 8 (8 Be —* He +* He), otopdtnoe edd TV #00wxT ToQa-
YOYT] TUETVV.

o H Oepuoxpaocia tns mvonvoovvheons. H Beguoxrgacio ndtw amd tnv omoia to dmTovio dev
Wt0Qo oAV Vo dLoTACOVV 1E ONUaVTLT] ATdd00N TOVG AP0V cuToVG TVETVES fltay

kpTypn >~ 0.7TMeV (22)
Toon ~ 10°°K | tppn ~ 10%sec (23)

o I mooBAeyn yio to yo xau yia o g o. To ovvolnod amotéleopo Twv (19) non (20) elvor
on+2p —* Het™ 4+~ (24)

Agdopévou otL 1 UAN OV LA TNEOUE oTueQa elval x0QLoL H , elva AoyLxd va GUUTEQAVOU UE
OTL TO. VeTEOVIaL Yivave oA * He nal emopévog ng. = n,/2. Eniong, to H mov magatnooiue
elvol To TEWTOVLOL TOV TEQLOGEPVE RO eV POTHAVE VETQOVLA YLOL VAL YEVOUVY NAlo. OmdTe ngy =
ny — Ny AQQ,

_ N He MHe N (nn/2) dmpy _ 2 25)
ng M+ nHeMue  (np —np)my + (np/2)4my - 1+ A
omov n
A= 2. (26)
Tp

Bowondpaote og Oeguniy oogporia og Beguongacia xhdopa tov MeV . Ta mowtdvia nat ta
VETQOVLOL ELVALL UT] OYETIRLOTIXA ROLL OL TTVRVOTNTEG TOVG ElvOiL avaAOYES TOV Tapdiyovta Boltzmann.
Emopévog, }oNoLHomotdvTag To 0Tt € ~ mc® ®ow 0TL my, — my, =~ 1.3MeV maigvoupe

—en/kBT, —mp)e?
e en/k5Thbn _ (mn—mp)e 1
A= ~¢ FoTwn ~e /0T~ 27)
e—¢p/kBThon 6.4
Av TtGQouE VIT YLV %Al TO OTL TOL VETEOVLA Elvol aloTaOT] 1ol ®ATTOLAL ALTTO AVTE OLAOTAOTNRAY
0TO peTagy, CVUPWVA UE TV 1 — P + € + I, RATAATYOUE OTO OTL

1
A~ = 28
7 (28)
HOL CUVETINDC 2 1
LD Zn 29
877 1 29

e H omovdatotyta twv edagoiv otoyelwy. Ovaviidgdoelg dev éxovv amddoor 100% xal Etol
eEnyeital To otL Eovpe nouw nEES ToodTNTES ATtd OEVTEQLO, TOTIO %O AlDLO.

Eivaw onuavtnd va onpeltmBei edd otL oL moodtnteg Tmv dapdomv oToLyelmv 1ot OiTEQ
Tov dgvTeQiov elvar TOAD evaioOnteg 010 QUOUG dLaoTOAG TOV ZDUTTOVTOG. AV TO ZOumay do-
otahel TOAD Y1) Y000, TOTE PEVEL AIYOS YQOVOGS VLA VO LALYELQEVTOUV OL TTUQTIVES, RO AVTLOTQOPWC.



O ovBudg dtaotoriic eEagTdTat, avapeoa g dAa %ol 0O TOV AQLOUO TWV OLXOYEVELDV GO
TtV (7). 0QLOUO DV VETQIVOV, AerttoviwV, %.T.A.) dLOTL 0VTd ENEEEATEL TOV TAEdYOVTa g*.
Eniong, mapd to 0t eipaote andua og meQiodo “hmtorQatiag” pe ned T0C00TO Ui OXETIRLOTL
uMg Paguovinic UANG, eEagtdtal xoL amtd To uxed avtd T0C00TH.

ZuvOudlovTag T TOQATIAV®, CUUTEQALVEL 0P’ EVOS OTL OV UTOQEL VO VTTAQYOVV TEQLOGHTE-
0€g aTtd TEElS OoYEVELES COPOTLOIMVY Rl ad’ €TéQOV OTL 1 faguovirt] munvoTnTa Pdog elval
™G TAENgG

Qp ~0.044 30)

123 To Koomxzoé Yrnopoadgo Mngoxvndatov (CMB)

o H Ogonoxpacio T, o
Otav n Beguoxrgacio oto ZOumav £mece AQUETA, MOTE OL AVTIOQMOoN

e+p— H+~ 3D

Vo unv ptoet va yiver oo OeELd mog T aQLoTeQd, TOTE TA NAEXTQOVIO. HOL TA TTQWTOVLL OY1)-
pdtioav ovdétega drtopa H, now timote dev (wrogoioe md vo 0TopothoeL To GpoTdvia otd To Vo
taEdebouv eheiBego 0To ZUpmTaY.

O AemropeQn)c VTOAOYLOUOS TOU TTOTE CUVERN 1) ATTodETUEVON TV GwTOVIMV, dNAadT TOV TOTE
To poToOHVIA ElYaV 0QUETN EVEQYELA YL VA OlaoTidve T H, og ouvdvaoud e To va mpolafaivouv
™V EXTOVOOT TOV ZOUTAVTOG, 00NYEL OTLS OYEOELS

kT, ~0.26eV , T, ~3000°K , zy,=~1100 (32)

TN va vohoylow mdte €yive 0vTd, PITOEM VO ¥OMOLUOTOOWM TO TOCOOTA OROTELVIG EVEQYELAG,
UANG o oaxtvoPoliag mov amotehoV To ZVUTAY OT|UEQE ®aL VO AW THoW 0TO XQOVO, UEYOL VO
drdow ot mopandve Beguorgacia. O xedvog Tov cuVERN N atodéopevon Twv dwTovimy elval

by 10" sec ~ 350, 000 years (33)

Amd exelvn ) mEQI000 o petd ta poTdvia eivon eheV0gpa. Zuveyilovv va axorovBov v
notavopn] Planck. To pfinn 0 puatdc 1oug arohovboiv Ommg £0vue mteL T oo K] SLOTOAT ®aL
1 BeguoxrQaota TOUS OTUEQA TQOPBAETETAL VO ElVOL

T,

a(ty)
Too=T, 2 = ~27°K 34
7.0 " ap 1+ 2, (34)

pe Tumxd Pirog ®0UaTog mov pog divel o vopog tov Wien va eiva
Amaz ~ O(mm) (35)

ONA0O1) 0T TEQLOYT TV IUHQOXVUATWV.
H mui) g Ogpporpaciog tov vrofddoov mov pétenoay mpdodata. pe axgifera ue tov COBE
(Cosmic Background Explorer satelite) etva

T, 0 = 2.725 4 0.002°K (36)

H aoBununf muxvotnta twv ¢wtoviov (ov vmoloyitetol and tov oyetnd tomo g Oe-
welog Tov péhavog ohpotog) xow To mAirov Paguoviov Qp (Tov PEAHOUE TOQOTAV®) TEOS
dwToVIa elvar

oo ~ 411 /em?® | %B ~ 10710 — 1079 37
Y



avtiotolyd.

e H Ogpnoxpacia Try

e moud BeguonQacta elyaue To mégaoua omd pwtoxrgatio oe vAoxrgatio; H ouvoluwmt oxti-
voolla ov £XOULLE OTLEQA OTTOTEAE(TAL OTTO GOTOVIO KoL VETQIVA. B0 dol e apéows PeTd oTL
onuega p, ~ 0.68 p,. OmoTE,

Qo Qo QB 0.3 npmyc?

- ~ ~1.1x10* 38
Qro  Qpo 168 x Qo0 0.04 1.68 x ny x 2.7 x kg Ty o X (38)

2t Oeguorgaoio Trys Oa Loy VEL €S’ 0QLONOD

PR PR,0 1 Qro 14 zrp
b= = o =q. (Iterm) =~ 5= 39)
oM pmo altra) QM,O( R 1.1 x 104
fiToL
zpm ~= 10 Zy (40)

Emopévog, to ZOummav ) otyp] s wootntag axtivoPoliog ot 1Ang frav 10 ¢poeés unpdtego
aTtd OTL TNV ATTOOEOUEV 0T TOV GOTOVIOV, KL ETOUEVOIS

kp Try ~ 10kpT, ~ O(10eV) . 1)

Enfong, apob ) negiodo try < t < t, 10 TOpmav frav vhoxgatobuevo, (oxve ot a(t) ~ t2/3
O ETOUEVG

3/2 3/2
tauM <“RM> s < = ) an (1/10)%/2 ~ 0.03 (42)
ty ay ZRM /
onoTe
trym =~ 10,000 years 43)

ZXOAIO: Av 6ha autd mou Aépe péyoL edM eival cwotd, TdTe VIIdQYEL 0OPad TQOPATLOL e
™V niwia Tov ZOUTAVTOC.

Adol pdvo 10,000 amd ta 10 doeratopLiola xedvia cuvolxd To ZUUmTaY fTave GmTORQO-
TOUUEVO, LTTOQOVUE VO RAVOUE LA YOVTQLKT] EXTIUNON TNG NAriag Tov pe Bdon tn oxéon ov Ba
ioyve av fitav vhorgatoivuevo amnd v agyf t = 0. Etol pydlovpe otu

, 2
to(k=0) = tof\k[ﬂg ~3 tg ~9Gyr, (44)

OV OVTIXELTOL 08 AAANES TTOAD peyahUTEQES EXTIUNOELS TG NAring TOU.

AYZH: Oa dolpue mogondtw ot 1 mwoadoyi eninedov Zoumavrog (K = 0) emadnOeveton
mogatnEnotaxd. Oumg VIayeL »aL GALO ouoTATIRG TOU (1] OXOTELVT| EVEQYELX), TOV OV MAPale
péY QL TMEOL VIT dYLV, 1] TTOLEOVGEO TOV 00ty AAAELEL TV TTOQOTTEV® TEOPAEYT YL THV NAxia
TOU ZUUITOVTOG HOL TV RAVEL CUUPBLPOOTI LE TIG TTOQAUTNQTOELS.

o H Ocopoxpacio tov vergivov T,

Otav 1 Beppoxgaoio Nrave kT, ~ 3 MeV amocuvdédnuay to VETQliva 1aL TO AVILVETQ(VAL,
OVTAC AXQLPOS TTOLY O LOOQQOTIA IE TAL TIQWTOVLAL, TO, VETQOVLAL, TO NAERTQOVLAL, TOL TOLLTQOVLOL KOlL
o poToOVia. Agyotepa, dtav 1) Ogpporpaocio éneoe otovg kg Ty ~ 0.26eV mepimov, vrepioyvoe
N dadraoio oxNUOTIOPOD Evavil TG JLdomo.ong VOQEOYOVMV [E OTTOTEAETUA TNV ATTO0UVOEDY
TV dwtoviov. Aedouévou otL axtivofolia, eite alinlemdod eite oL, alrhdlel Beguonpaoio
obppwva pe ™ oxgon T ~ a1, Ba émpeme ofjuega va éxovpe Ty,o = T 0. Opws, 6mms elmape
TeQAmdvm, avtd dev elvar alhBela. H Beguongaoia tmv vetoivov ofjuega etvar 1.9°K eved tmv
dwroviov 2.72°K . INai;



O Aéyog elvar ot o xamola evoldiueon otiyus] ouvEPn xdtt mov avéfaoce T Oeguoxgacia
TV dOTOVimV XmEig vo. ahhdEel avtiv Tov vetoivav. Kot avtd to xat eivon 1 eEadavion twv
moLLTeovinv ohupwva pe TV avtidooaon

e+et >y +7, (45)

mov dNotEYNoE PwTOVIO OV TEoTAVAY %L QUTA TOV 10T VTTNEY V.

Avto ouvéPT otav 1) Ogppoxpaocia ftave megl tovg kT ~ 1MeV. Iow and avtd, o évav
oyro V vmhoyxav ¢potdvio, nhextodvio non moltedvia oe Begpoxgaocta T, evd apéomg petd o
Oyrog éywve V' nan elye povo pmtovia Beggpongaciag 7. Katd ) dadiwacio avth woyber ot
TdS = dE + pdV = 0, 9nhadf 1 evroomia dwotneeitar. Emiong, yio axtivofolio toylet

*

S = Qg asg VT3, (46)

E&womvovtag v evrgostio oLy #at petd todove Sy + Se + S = 57, tou
24 L2t2)) v = 2vir 47
+ g( + ) v v ( )

Ta vetgiva dev ovupetelyav oty mogamdvew diaduiraocia. Eiyav amoouvdebel amd ta vadioima
ompatiolo xon ehet0ega dAagav amtd oyro V oe V'’ now amd Bepuorpaoia T, oe T),. H evtoomia
ToUg SV GALOEE %Ol ETOUEVIS LOYDEL YLOL TaL VETQIVO, OTL 3

VIE=V'T 48)

rat, exiong, mwowv v eEaddvion Twv molitpovinv dmwg elrmape mogamdve loyve Ty = T,. Awot-
ovtag xatd uéAn T d0o tehevtales eElomoeLs malgvm

4N\ 1/3
T, = (11> T, 49)
1oL QIO AVTAY
po_gp (TW\"_21/4 (4" 0.68 (50)
Py a gy \T"y 2 11 -

OOV XENOLLOTOINOQ OTL YL 3 €(01) VETRIVOV now avTveToivav éxm g = (7/8)(3x (141)) = 21/4.
2t ouvéyela nat puéyoL onuea TOoo 1 Beguorgacia Tmv veTeivav 600 %o 1 Beguoxgaaia
TV GOTOVIWY aAd axoro6M0E TN OL00TOAT TOV ZUUTOVTOG, e ATOTELECUO VA EXOVLE OTLEQXL

AN\3
<> T, 0~ 1.9°K (51

T =
v,0 1

)

YEvag dAhog Teomog va amodeiEel navelg ) oyéon T ~ 1/a avdpeca oty Oeouoxgacic Twv ehed0egmv dwtoviny
AOL TOV TTOQAYOVTO ®AUOKOS TOV OV UITOVTOG Elval ®dvovTag xoon Tg SLoThENoNg TNS EVIQOMIOS TOU EXTOVOUUEVOU
dwTtovirov agplov.
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