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" L . EmoTnpovikn Mpoodog

SN
= H eppBabuvon otn yvwon TNE GUOIKNC
NpayuaTiKOTNTAC NMAEl XEPI XEPI UE TNV
avanTuén Tnc TEXVOAoyiac KAl Twv
napaywyikwv OUVAPEWVY

= H BewpnTIKN QUOIKN, N AOTPOPUOCIKN
Kal N KoopoAoyia £Xouv Kavel paydaia
Npoodo TIC TEAEUTAIEC OEKAETIEC



4

OaA Ii C 624 nX- 548 nx
_
| pro-

BN oy

Nepiypar} TNC DUGNC XWPIC NPOKATAAAWEIC, LUBO 1
Bpnokeia, aAAa Pe napaTtnpnon, Neipapa, GUANOYIOUO
kal enaywyn. EpgavileTal o opoc Puaikn).



guea yopaqm nX- 495 nX

Pythagoras is
often considered
the first true
mathematician.

The Pythagoreans' believed “All is Number,”
meaning that everything in the universe depended
on numbers. They were also the first to teach that

the Earth is a Sphere revolving around the sun.

EugavileTal o opoc Mabnuatika (auto nou pabaiveTat).



MaTtepac TnC MNewpeTrpiac (MeTpnon TnNE M'NE).
A€iwpa, Anuua, Bswpnua, anodei&n.



: ApIOT.OTé)\I]C; 384 nX- 322 X

AvTtorvkog, EVo0Log, Ka}»}mmog, AnoM»mvwg, Kovmv, Apyyumong,

Tarapyos, Xooryévng, Iltolepaiog 6



- L . Ap1oToTEANG - 350 nX

= Kata Tov ApioToTEAN TA BapuUTEPA CWUATA NEPTOUV YPNYOPOTEPA.
= Ta owpaTa NnEQTOUV YIa va YUPIOOUV OTNV «adpyIKn TOUC KaTAoTaon».




L AploToTeAelo - [ToAgpaiko MpoTuno
h i

SN

= H I'n BpiokeTal oTo KEVTPO TOU ZUPNAVTOC KAl €ival akivnTn

= 10 opOKevTpeC oQaipec YE TNC ZEANVN TouG NAAVNTEC, Kal Ta aoTpa.

= 4 oroixeia (I'n, Nepo, Aepac ®dwTia), kai n NepnTtn Oucia (MepnTouaia)

Schema huius pramiffz diuifionis Sphararum.

Quintessence

“The Fith Elemseant”

Darm Castrtn "B v vOid Wt Lodga Tinge Saanct
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h L 1 ApioTapxog - 310 nX- 230 nX
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..JI , EPATOOBEVNG - 276 nX-194 X
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[TexvoAoyia aTov apxaio KOOHO

—




N ..L. =Taz)(vo)\oyiq OTOV apxaio koouo - 'Opia

= «[Mpokerral yia pia Bavpaoia epeupeon. ANG 6a XpnoIKUonoIEiTal HOVO
yia €nIGEIEEIC N yIa naryvidl, yiaTi yia auTeC TIC OOUAEIEC EXOUUE TOUG
doulouc». 'Hpwv o AAeEavdpeuc 1° aimvag pX



,11° aiwvag — MNapatnprosig Maragha

= ApaBec kail [Neposc Aoyiol, NpwTa YEoa
anod QIANOCOPIKEC BewpPNOEIC Kal OTN
ouvexela ene€epyalOPEVOI TIG
napaTnpnoeiC NOU £yIvav OTO
aoTepookorneio TNc Maragha, apxioav va
aupIoBNTOUV TIC ASMTOUEPEIEC TOU
ApioToTeAeiou-TToAepaikou MpoTunou.

=  ApgioBnTouv TNV akivnoia aAAa oxi To
YEWKEVTPIOUO



. L Brahe, Kepler- 1600
1

= HAIOKEVTPIONOG, EANEINTIKEC TPOXEC

Frircies TrcHoNts BRans-
TATI® SVA ANNO 50, ¢

MDCXXVIL

QVO POST DIVTINVM
EXIIVM LIBERTATFI
DiVING PRO

RESTITVTVS E -1 98
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5 L TaNiAgiog - 1600

= Ta owpdTta neQTouv Pe TNV 10ia TaxuTnTa, aveEapTnTa anod To BApoc Touc.
« H apxn Tnc ouypovne Emotnunc (Meipaua, Agaipeon/MpdTuno, MabnuaTika)




INa-:L'JTcoqu - 1700

Nopoc Tn¢ Maykoopia 'EAENC:

'OAa Ta owpaTta (eite pNAa eite NAavnTeC) eAkovTal apoiBaia.
[a npwTn popa n BapuTnTa CUVOEETAl HE TNV AOTPOVouia




5 L , Einstein 1915: Tevikn ZxeTIKOTNTA

S
= Fevikn Oswpia TNG ZXeTIKOTNTAC, Einstein 1915:

H UAN A€gl 0TO XWPOXPOVO NWC va KAUNUAWOEI

O KAUNUAOUEVOC XWPOXPOVOC AEEl TNV UAN NWC va
KIVNOEi

= QaiveTal nepiepyo aAAd
£XEl eEnaAnBeuTei navrou

(dopupopol, kKAM)

17



" ..L. II'&:vn<ﬁ 2XETIKOTNTA

J——
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. L EI0IKN ZXETIKOTNTA

= Mada kal Evepyeia €ival I000UVAPES HOPPEC UNAPENC TNG UANC.
= H UAn oe diaAekTIkr) aAAnAenidpaon PE To XwPOXPOoVvo.
= To kevo dev €Ival Kevo.

\ /\/

Crergy = mass x (speed of ;‘FT;{*‘IL | GRAVITY
NEYGY = Mass X \speed oT ) TRAVITY
3 lf A . ’r) l‘g ; experienced
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» ..L. IFEVlKﬁ >XETIKOTNTA

= H TteAeuTaia Bewpia anod evav enioThpova, n npwTn CUAOYIKN

20



b L IAEUKIHHOC - AI’]HOIO(; 596 aipvac nX

= H UAn anoTeAeiTal
ano adiacnaoTd,
aopaTa oToIXEla, Ta
aropa.

|

= TO Kevo dOev
TauTi(eTal PE TO
TinoTa (un ov), €ivai
OnAadr) KaTl To
unNapkTo. - o




L AvanTugn Texvoloyiac — MeIpapaTwV 16% aiwvac
.

= 2TNV Avayevvnorn n €EeNEn TNE TexvoAoyiac
odnynoe oTtnVv €EENIEN TNC XNHEIac

The First
Compound
Microscope
(circa 1595)
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- ..L. =A)\)\n)\aan|6pC|c5£|q otn duon
= Ynapyouv 4 aAnAenidpaoceic otn duon:

= ZEPOUME NOAU KaAa 3
===e Qe ano auTec:

v e
L
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Enmrayxuvreg: CERN

=  MeleToupe TIc aAAnAenidpaoceic oToug enmitaxuvtec: CERN o
LEYAAUTEPOC TOU KOGLIOU.

D R T T 1o T =~ o X1



L 2TOIXEIWON 0(0|.|C|T|6|C|

Periodic Particle Table
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N L 4 2TOIXEIWON ZWHATIOIa

= Bapuovikn 'YAn. Ta navra nou «BAEnoupe»:

Particle content of the Standard Model

Quarks:

Leptons:

Force carriers

gluon

Ano auTtnv anoTteAouvTal
ol yaAa&iec, Ta aoTpa, ol
NAQVNTEC, €0€IC, KAM

28



L - KBavTikn Mnxavikn

1
s KupatoowpaTi®lakoc Auiopog

x Apxn ABeBaioTnTac
s [MBavokpaTikeC NopoTEAEIEC

Hydrogen Wave Function
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KoouoAoyia: To epyacTnpio
. L NG BaputnTtag

e
= H BaputnTa dev pnopei va PeAeTNBEl oTOUC ENITaYuVTEC. EMopevmg
NPEMNEI va TNV NapaTtnprnooupe oTo 2upnav: KoopoAoyia
Vi ey y VR
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‘HAloc kai I'n

Earth,Moon
A




B L s [MAavnTeg
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y  ZHNvn KCIIp|.II"]VI‘] faAa&iwv
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L 2HunNvn Kai Ynepopnvn raiagiov

= Hubble 1924: Ynapyouv kI aAlol yala€iec

s Opadec MNaha&iwv: oAiyopeheic ~100 yala&iec, BapuTika XaAapeC
OUYKEVTPWOEIC. I1.x n ToniKn pag opada yaAagiwv.

o



. L 2HunNvn Kai Ynepopnvn raiagiov

= 2unvn FaAa€iowv: MNMoAunAnBeic (wg 10.000), BapuTika OUVEKTIKEC
OUYKEVTPWOEIG («aVWPaAa» Kal «Kavovika/opaipika»)

= [y Zpnvoc Tnc MapBevou (Virgo cluster) oe anooTtaon 10 Mly, avwpalo pe

~3000 yaAa€iec, To Zpnvoc Tne Koung tnc Bepevikne oe anootaon 3000Mly, 4
Kavoviko Je ~10.000 yaAagisc 2



. L 2HunNvn Kai Ynepopnvn raiagiov

= Abell 1958: And 2700 ounvn yaha&iwv Ta 1700 avikav o€ HEYaAUTEPEC DOUEG, O€
«OMNAVN ano ounvn».

= Ynepopnvn yahagiov: SIaueTpoc ~160Mly, pala ~10° 10" Mg,

43



h

L R

2HnNvn Kal Ynepopnvn raiagiov

A J
o o o o o o
OOOOOOO

o > D @ o oo >

SDSS (Sloan Digital Sky Survey) 2004: ~60.000 «npo¢ Ta navw kal Npog Td
KaTw ano 1o yaia&iako eninedo», w¢ anoortaon ~ 1 Gpc (~3.26 Gly)

Mehwpia keva (voids), nepinou ogaipika diapeTpou (30-120 Mpc), pe Ta
UNEPOWNVN O€ £nineda UAIKa GUAAG (dOMN KUWEANC, ME KUWEAIDEC-KEVA Kal
UnNEPOUNVN-ToIXwHaTa KuyweAidwv). Opoyevela kal IooTponia oparn.

44



. L Opoyeveia kai Iootponia

T
= 'Onwc €idape, 000 peyaAwVvel N KAigaka oTnv onoia napaTnpouue
TO ZUpnav, auto ¢pavtadlel OUOYEVEG Kal I00TPOrO.

= Opoyeveia: KaBe nepioxn Tou ZUPNAvTocg €ival idia pe onoladnnoTe
aAn (n.x idla peon nukvoTnTa).

« IooTponia: To ZUpnav gaiveral To 1010 o€ kB dleuBuvaon
napaTrnpnongc.

= KoopoAoyikn Apxn: To ZUpnav ival kal oJoYEVEC Kal I00TPOrO.



AIQ0TOAN TOU ZUPNAvToq
1

= Edwin Hubble 1929: KaBe napatnpnTng napaTtnpEi Touc HAakpIivouc
vaha€iec va anopakpuvovTal Je TaXUTNTEC aAVAAOYEC TNC
anooTaong.

. }’V- 1o Phodoy \““
Hubble excelled in every course ot school |except spelling,
but was beter known for his athleic prowess. He was o

star player in foothall, baseball, and basketbsl, and ran

trasck in high scheol and at the University of Chicego,

where he sarned a Bachelor of Science in 1210

46



5 ..L. IA|C|0‘ro)\ﬁ TOU ZUNNAVTOC

= Edwin Hubble 1929: KaBe napatnpnTrc napatnpei Toug Hakpivouc
vaha€iec va anopakpuvovTal Je TaXUTNTEC aAVAAOYEC TNC
anooTaong.

V=HTr

Hubble’s Data (1929)

Beec esdan Vieboo iy (b duc)
8

= V: TaXUTNTAa anopakpuvong os km/s
= I anootaon o€ Mpc

H, ~70 km s™ Mpc™

47



" L . AlaoTOAN TOU 2UUNAVTOG
1
=« H TayuTtnTa anopdakpuvong npoodiopileTal ano
TNV PETATONION NPOC TO £puBPO z (redshift)
YVWOTWV PACHATIKWV YPAUHWV AOYW
¢paivouevou Doppler.

= Enopevwe, 000 nio peyaho To z, TOOO MIo
LUaKpUa TO owua, apa Tooo nio naAia!

48



. ..L. =Al(]()‘ro)\n TOU 2UNNavToc

= 1) O vopoc Tou Hubble 1oxuel yia kabe onueio napaTnpnonc:

i
o.im/g‘zcm i A
. Yo
e \ 4
3 ‘
a\a Loyt e |
- | ) \ “
T g & J
| | A :Q_eg*g;j




B L 2 AIGOTOAR TOU ZUNAVTOC

e
= 1) O vopoc Tou Hubble 1oxUel yia kabe onpeio napatnpnonc:

= 2) Eival diaoToAn Tou idlou Tou Xwpou
OxI O1a0TOAN PECA O€ Evav
anoAuTo Xwpo. []




5 L HAIKIa Tou ZupnavTog

e
= QC NpwTN NPOCEYYION UNOBETOUE YpauUIKr O1a0TOAN.

= AUO ounvnN NoU aneXouv r KAl anopyakpuvovTal e v Ba nrav os
enaqr npiv ano Xpovo

rr 1 1|Mpc
v. Hr H 70 km

} s~14 Gy




" L Oewpia MeyaAng Ekpn&ng

1
= 1) Apou 1o ZUunav dlaoTeAETal, AOYIKO va NPOEPXETAl ANO €va
MOAU HIKPO Kal MUKVO «apyeyovo aTtopo» (Lemaitre 19271)

52



k ..L. I@swpia MeyaAnc 'Ekpnénc

1) Apou To Zupnav dlacTeAETAl, AOYIKO va NPOEPXETAl AMo £va
MOAU HIKPO Kal MUKVO «apyeyovo atopo» (Lemaitre 19271)

2) Alpher, Bethe, Gamow (1948): To Zupnav apxios va
OlaoTEAAETAI Ano Hia UI'IEpI'IUKVI’] Kal unepBeppun KCITCIOTCIOT], Npoc
apcuonspeq Kal unxpOTspséQ(aTGO‘racslq (O Hoyle ovouaoe
UNOTIMNTIKA «Oewpia TnS Meyahnc 'Ekpnénc» (Big Bang))

53



B -.Ll II'Izzplypcmpﬁ AIQOTEANOEVOU ZUNNAVTOC
s [evikn ZxeTikoTNTa: H €EENIEN TOU
TETPAdIAOTATOU XWPOXpovou kabopileTal ano
TNV KaTavoun TG UANC

m 2€ YeyaAn kAipaka dgv pac voialouv ol
AEATOUEPEIEC TNC UANC, OUTE N AENTONEPNC
Ooun NAavnTIKa ouoTNUATa, yaAaiec, opnvn.

54



L _H ['vwon pag yia T ®uon
B —

'vwon ®uoikng: KaBiepwpevo MpoTuno + Mevikn ZXETIKOTNTA

(LT w3 Wit w275 G & FALO7 Gt 1] &l 3 Qi
charge — 2 LY e 1]
BT 13 u_._. [l C___ 13 t__,. 1 y ] H
up charm top glucn Héggf.l
=d 3 Wghii? a5 Kgiul! wd, 1B G ]
13 ik =10 n
w2 d___. 2 5_'__ 12 b.__. 1 3
dewn slrange bottarm phctan
0517 Mas\'e” 1T Kin's'i=t 1.77T Gav'e” 912 Galle
A -1 u
e {[r4 u 17 T i a
electron mian fau Z boson
i Ly =1L TF Mt <155 Heti=! B & Calte . . .
= |, , . The Centennial of Einstein’s
E ) ]'Ja I ul-l 17 v[ 1 w General Theory Of RelatIVIty
"I alectmon [glila]yd tau W boson

neutrino neutring neutring




3 L g ZKOTEIV "YAN
1

s KapnuAec nepiotpopnc yala&iwv:

56



L P KOTEIVN "YAN
T
s KapnuAec nepiotpopnc yara&iwv:

= Bullet cluster (cUykpouon duo ounvwyv yaAa&liwv)

‘ > ;
- Dark Matter . *

4 . . . '
. . . T el
. ~ A
- . . .

= 80% TnC UANC €ival
— «@YVWOTN» OKOTEIVN
> R e UAN (v aAAnAenidpa
Galeiies TR\ T . . NAEKTPOHAyVNTIKA)!
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2 KOTEIVI "YAN
1

7. billion light-years

© 2006 Pearson Education, Inc., publishing as Addison Wesley

35 miI‘Iion light-years
]
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I >KkoTelv) Evepyela

O1 Ynepkalvopaveic (ekpn&eic Aeukwv vavwv) Turnou Ia anoteAouv
«KaBiEpwPeva KePIa», KABWC TO anoAUTo peyeBoc Toug M eival
npoadlopicipo.

59



B

2 KOTEIVI Evepyela
|

O1 Ynepkaivopaveic (ekpn&eic Aeukwv vavwyv) Turnou Ia anoteAouv

«KaBlepwpeva KepIa», KABWC To anoAuTo Peyeboc Touc M eival

npoadlopicipo.

To 1998 o1 Perlmutter, Schmidt,
Riess napatipnoav ot 50
Ynepkaivogaveic Ia €ixav
HIKPOTEPO (PAIVOUEVO HEYEBOC
ano OTI avapevoTay,

EMNOMEVWC TO (PWC TALIDEWE
NEPIOTOTEPO,

Kal ENOPEVWC TO ZUupnav
onuepa d1acTeAAETAI NIO
ypnyopa ano oTi naAiotepal

11 March 1997

Host galaxy

Supernova

Calibrated apparent magnitude

24
Observations of type = supernova
fit an accelerating universe but not
a decelerating universe.

25

16 March 1997

29 March 1997

IN
Fading
supernova

Visual-wavelength images

0.1 0.2

® 2006 Brooks/Cole - Thomson

Redshift (2)

0.6 1.0
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B L g 2KOTEIVN Evepyeia
1

= H enmiTrayuvopevn dilacToAn emBeRalwveTal and aveEapTnTeC napaTnpnosiC.

= [lepinou 10 70% TNC OUVOAIKNC NUKVOTNTAG EVEPYEIQC OTO ZUMNAV Eival
auTn N «ayvwaoTn», oKoTelvh evepyela (0ev aAAnAenidpa
nAekTpopayvnTika). (H ouvndng 1 n okoTeivr) UAN &V UNopEi NoTE va
dwael eniTaxuvopevn d1aoToAn).

61
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L IZKOTEIVI"] Evepyela

= H enirayuvopevn diacToAn enmBefaiwveTal and aveEapTnTeG NAPaATNPNOEIC
TNC YIKPOKUKATIKNG akTIivoBoAiac unoBadpou, Twv BapuovIKwV AKOUCTIKWV
TaAGVTWOEWV, TNG OOUNG MEYAANC KAIMaAkac K.a

= [lepinou To 70% TNG GUVOAIKNC NUKVOTNTAC EVEPYEIQC OTO ZUMNAV Eival
auTn n «ayvwaoTn», okoTelv) evepyela (dev aAAnAenidpa
nAekTpopayvnTika). (H ouvnBng n n okoTeivr) UAN dev Pnopei NoTe va
dwael eniTaxuvopevn d1aoToAn).

= [MBavn €&nynon: H koopoAoyikn otabepa A (To «peyaluTepo Aaboc Tou
Einstein»). 'Evac opog nou dnuioupyei eNINAEOV «anwan».

62



KaBiepwpevo KoopoAoyiko MpoTuno:

ACDM

= 2KkoTelvi) Evépyeia (KoopoAoyikn otabepa)+ Wuypn Zkoteivi "'YAn (CDM)

Composition
of the
Cosmos

+KaBIEpWPEVO NPOTUNO CWHATIOIAKNC (PUCIKNG

MHcavy
clemeoents
L' .JJ ’

Ch()\!ly
nevULnNnos
0.3%

Stars
Q.59

Free hydrogen
cnd helrum
PN

! Dark

matter

;3 0N

Dark
energy
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L 2 MAnBwpiopog (Inflation)
S
= H anh Bewpia TG MeyaAng Expnng e&nyei:

Mapado&o Tou Olbers (1826): MNaTi o vuxTePIVOC oupavoc dsv eival
AQUMNEPOC agou To Zuunav €ival ansipo Kal aiwvio

64



B ..Ll !‘I)\nGwplcuc')q (Inflation)
= [poBAnuara:

I) MpoBAnua Opilovta (IooTtponiac): MNati dUo avTIdIaPETPIKA ONMEId
TOU oupavou WE TNV PEyIoTn duvaTth anooTacn ano €UAc, va £xouv
TIC IO1EC 1010TNTEC APoU eV £X0UV AANAENIOPACEl NOTE PETAEU
TOUG?

IT) MpoBAnua EnnedoTtnTac:

I1I) MpoBAnua (un unapé&nc) HayvnTIKWV JOVONOAwWY
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L 2 MAnBwpiopog (Inflation)

= Kalavac, Guth, Linde (1982): To Zuunav 10 ®sec| PETA TN MEYAAN
ekpN&N HECW EVOC LUNYaVIOPoU UNEOTN HIa eKBETIKN 61a0TOAN WG

Td

107 sec

au&avovTac To peyeboc Tou

~[10% | popec: MANBwpIcHOC.
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B L 4 1AnBwpiopog (Inflation)
SN
= Kalavac, Guth, Linde (1982): To Zuunav 10 ®sec| PETA TN MEYAAN
ekpN&N HECW €VOC LUNYaVIOPOU UNEOTN HIa eKBOETIKN 61a0TOAN WG
Ta [10°*sec| au&avovTacg To pEyeboc Tou  ~|10% popec: MANBwpIouOC.

=« I) To Zupnav nou napaTnPoUKE €ival Eva aneipoeAayIoTo TUNUA Tou
OUVOAIKOU, Kal NPOEPXETAl Ao MIa HIKPr), aITiaTd ouvoedeeVn

nepioxn.

= II) Aoyw Tn¢ TEPacTIiac O1acTOANC N KAUNUAOTNTA TOU ZUMNAVTOC EYIVE
oXe00V PNdeV.

= III) AOyw TnNC TEPAOTIAC JIAOTOANC TA HoVOMoAa anAwBnkav og OAEC
TIC «MEPIOXEC», WE ANOTEAEOUA OTO OIKO PAC NapaTnenoIPo Zuunav
unAapyel To NoAu eva.
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Big Bang

Big Bang plus
10743 seconds

J1ANBwpIopog (Inflation

quantum-gravity era

Big Bang plus
10735 seconds?

Big Bang plus
380000 years

inflation

Big Bang plus
14 billion years

cosmic microwave background

light

now

SIZE OF UNIVERSE

FCAM

SPACE-TIM

’

Inflationary Universe

PEN
INFLATIONARY (F),_AT
UNIVERSE SCENARIO CLOSED

\

UNIVERSE
— AT PRESENT TIME

STANDARD
BIG BANG MODEL
\
) OPEN

I 1030 FLAT
PLANCK LENGTH \

>

10—43

CLOSED 19-85 107 |From lecture by Andrei
AGE OF UNIVERSE (SECONDS) Linde, Munich, 2007
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h

J1AnBwpiopog (Inflation)
|

EninpooBetn enituxia: O nAnBwpiopoc Sivel TIC anapaiTNTEC APXEYOVEC
dlaKUPAVOEIC, ol OMnoieC apyoTepa edwaav TNV Aopn Meyaing KAipakac Tng
UANG:
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40TOpIa Kal Aopn TOU ZUPNAvVTOG

T
= H'YAn exel Iotopia (AlaAekTIkn)

= ACDM+ nAnBwpIoTIKN PEYAAN €kpnén:

S

Time Since Major Events
Big Bang Since Big Bang
esent Humans
. stal;s,_ mme
Era of galaxies cosmos.
and clusters
Galaxies Gnade of
a::ms (;nd
1 billion § plasma
yoars atoms and m'ﬂhﬂn
Era of slt‘:r‘sm
Atoms 'b'g" | m 't"‘ '°;;"'i
o form ons fly free
500,000
: and become
Ll lasma of microwave
Eraof : h!l‘.’.ﬁ??.“ué‘.?f' background.
Nuclei plus electrons Fusion ceases;
3 minutes normal matter is
Era of B protons, neutrons, 792 hydrogen,
ikt ot ¥ electrons, neutrinos  25% helium, by
S (antimatter rare) mass.
0.001 seconds Matter annihilates
‘ - . . lementa rticle:
Particlo Era by (:mimat)t;'y o -mlmm.r.‘"cl L
10" seconds common Electromagnetic wea
Electroweak Era p:mmmy ';ms b':e;no dlstk:t.
10-%8 seconds et A g ammm"t, b0°°ﬂ“
GUT Era elementary causing Inflation of
1043 seconds particles universe.
Planck Era 277?
neutron — electron —_ i = - -
proton — neutrino — :::lm?:n _‘”‘i_' . antielectrons 43 quarks -:—_'—_-“é.“

Copyright @ Addison Wesley. 70



" ..L. IIcrropiq TOU ZUNMAvVTOC

= To napartnpnoipo Zupnav £xel nAikia nepinou 14 dioekaTtoppupia
Xpovia

History of the Universe

Quantum
Fluctuations

)
I :
g A :
2> > (5]
c S : |18
= —~0) (7)
(<)) ()
2 me ) %
= c o o
) T < ©
> B £ |9
() w . © o)
= e (= (")
et - (T £
- ) I
(o] g (/)]
~ -
g 27 o
o : i
©
V4

0.01s 3 min 380,000 yrs 200 Million yrs 13.8 Billion yrs
Age of the Universe

BICEP2 Collaboration/CERN/NASA
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.

iy Maupec Tpunec

= H BapuTtnTa TN €ival TOo0 PNeyaAn nou oUTE TO (PwWC KNOPEI va
dlapuyel.

as the mass increases, so does the gravitational pull

if the gravitational pull is such that even light cannot escape, then a black hole forms
Tight ray

Black haole
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e

iy Maupec Tpunec

= Av n pada evoc owpaTog gival JeyaAUTEPN ano va oplo,
oxnuartideTal pehavn onn (Laupn Tpuna).

" Neutron
. Star
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:

Maupec Tpunec

1
i
T

= 2TO KeVTPO Tou dikou pac MaAagia:
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| |
L Maupeg Tpuneg
L
= 2TO KEvTpo Tou M87, pala 7.000.000.000 popec Tn pada Tou nAiou
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"4, Baputika Kupara

= TAVUOTIKEC TAAAVTWOEIC TOU Xwpoxpovou. MNpoPAEPOnkav To
1915, napaTtnpnBnkav 1o 2015.

s [MoAAEC NNYEC: ApXEyova, CUYXWVEUOEIC HEAQVWV OMWV:
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b L y BapuTika KupaTta ano paupeg Tpuneg

1.000.000.000 xpovia npiv

Inspiral Merger Ring- .
down |  Distance

0 . Redshift

Louisiana.

Washington
4km

10— 18m

1LO0H= Numerical relativity 7]
I Reconstructed (template) | |

. T T T T o
So6t 14 =
2 0.5 || — Black hole separation -3 5
'O " || == Black hole relative velocity 42 8
2 04rF j
(i) 11 8
>03E L 1 I L lg o

0.30 0.35 0.40 045

Time (s)

2017 BpaBeio Nopneh quUOIKAG

|
GW150914: AUo paupec TpUnec NE 36 J_ri Mo and 29 J_rj Mo, resulting in a 62 J_rj Mo black hole

+160
410 _;gp Mpc

0030
0093 5.3

77



; BapuTika KupaTa ano aoTePEG VETPOVIWVY

L

|
= GW170817: Ao acTepec veTpoviwy, andotaon 40 Mpc
GRB170817A: AKTIVEC Y.

Gamma rays, 50 to 300 keV GRB 170817A
Fermi ]
Reported 16 seconds Ets

after detection o

LIGO-Virgo
Gravitational-wave strain GW170817

Reported 27 minutes after detection R

= 3001

L | /

) | 4

g I

8 1004 —

<& & | 3
- n e ——
e o e e b

-6 -4 -2 0

Reported 66 minutes
after detection

Time from merger (seconds)
INTEG RAL ’Gamma rays, 100 keV and highL____ GRB 1708&7__
- 001

= H €noyr Tng noAu-pnvupaTiknG acTpovopiac apyidel! 78



, BapuTika Kuparta ano aoTepeg VETPOVIwY
|

.

[
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. L . Neo napabupo oTo Zupnav

SN
= MnopoUWE va napaTnperiOoUNE Ta (paivopeva ano eva aAAo
napabupo.
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L Neo napabupo oTo Zupnav

= Mnopouye va napatnpriooupe NANBOC VEWV (PAIVOUEVWV:

THINGS YOU MIGHT ‘HEAR’ IN GRAVITATIONAL WAVES

BLACK HOLES

Corpses of giant, collapsed stars that can be as small as a city but pack the mass
of many suns. Their gravity is so intense that even light can’t escape their pull.

PROOF THEY EXIST

Black holes absorb
light, so we've only had
indirect evidence of
their existence.

—

EVENT HORIZON BIRTH
Gravitational waves are No one has detected
“the closest you can get” to  a black hole forming
black holes, so astronomers  when a big star

can now see if they have any  implodes.
structure at their surface.

NEUTRON STARS
Ultra-dense dead stars that tried to become black holes but couldn’t.
A teaspoon of neutron star weighs about 10 million tons.

MERGERS

Black holes can merge,
release energy, and
reform as a perfect
(but larger) sphere.

SURFACE COLLISIONS CRASHES INTO BLACK HOLES
Intense gravity should make We think we've seen the light The two could, in theory, collide into
neutron stars smooth — but from violent mergers of two one another. But we don't know what
they might have millimeter-tall  neutron stars, but never what's  that would do or look like.
mountains that weigh as much  happening inside.
as a planet

SUPERNOVAS

When a large star grows too big, it goes out in a fiery blaze.
But the explosions are so dense that what happens below the surface is a mystery.

PRE-EXPLOSIONS CORE TRIGGER

Light can take hours to escape an The hearts of supernovas are We're not certain what makes
exploding star. But gravitational hidden from view. But we can big stars blow up. Seeing inside
waves go right through and could now hear them. the cataclysm might help.

signal start of the explosion.

AND MORE

STRINGS

Everything in the
universe might be made
of

strings of energy. The
first evidence may soon
be at hand.

UNIVERSE BIG BANG
EXPANSION ECHOES
Gravitational waves at Gravitational waves
the edge could might contain records
help us understand how  of the event that
quickly the cosmos started the universe.

is stretching outward

SOURCES: Scientific Amarican; Cornaell; Nature com; NewScientist com: NASA; Dallas News

GRAVITONS

These theoretrical
particles might generate
gravity itself. If they don't
travel at light speed, we
might prove their existence.

BUSINESS INSIDER
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L Aopn Tou ZupnavTtoc o€ Meyain KAipaka:
L

. [lepIAnYn
=
= Opovyevela kal IooTponia

= AIaoTOAN, vopoc Tou Hubble

= Oewpia MeyaAnc Ekpnénc

= 2KOTEIVN) 'YAN, ZKoTelv) Evepyeia (emTaxuvopevn d1acToAn)
= [MAnBwpIopOC

s KaBiepwpevo koopoloyiko npoTtuno ACDM. evikn ZXETIKOTNTA
OUV «EVEPYA» 10AVIKA PEUCTA

= Maupec Tpunec kai BapuTika kupaTa: To veo napabupo oTo

2upnav -



[MpOONTIKEC

L Aopn Tou 2upnavTtoc o€ Meyain KAipaka:
h i

SN
s ACDM+ nAnBwploTIk PeyaAn ekpnén. AnaiTeital vea Qpuaoikn?
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. [1pOONTIKEC
SN
s ACDM+ nAnBwploTikr peyain ekpnén. AnaiTeital vea puaoikn?

= 2iyoupa yia Tn OKOTEIVI UAN Kal Tov nAnBwpiopo, nbavov yia Thv
OKOTEIVI EVEPYEIQ.

= KopBikoc o poAoc TnG TexvnTtnc Nonpoouvng kai TnG Mnyaviknc Madnonc

L Aopn Tou ZupnavTtoc o€ Meyain KAipaka:
-

Dark Energy
Accelerated Expansion

Afterglow Light
Pattern Dark Ages Development of
400,000 yrs. Galaxies, Planets, etc.

B e
Inflation_ .‘ ﬁ" gﬁﬁﬁi’ﬁﬁ a

e
] ]
'~

Quantum
Fluctuations

about 400 million yrs.

Big Bang Expansion

13.7 billion years
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5000 xpovia napaTtnpnocwyv
2 500 xpovia opyavwpevwy napatnpnoEwy




B L s H EmoTtnun oG napaywyikn duvaun

= H enioTnun pNopei va ouveliopePel oTNV rNPoodo Kal oTnv avanTuén.
= Baoikn £psuva XEpI XEPI JE TNV EQAPHOCUEVN.

= EmoTthun yia Tnv KAAuwn Twv avaykwv Tov avepwnwy, OX! yia To
kePOOC.
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