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T1 Ba KouBevTIGOOUPE ONUEPQ;

2.€ QUTIN TNV TTapouciaocn Ba avagpepbw o€ Eva

MIKPO apIBuo atrod emmAeyuEVa BEpaTa atro TNV

KOO MOAoYia:

= loTopia Tn¢ KoopoAoyiag

= H MeyaAn ‘Exkpnen (Big Bang)

= KooMIKN akTivoBoAia

m T1oxeon £xel n KoouoAoyia ue 1a yeyaia
TTEIpAUATa

m Baputika kupata




T1 €ival n KoouoAoyia




o Mevahn Ekpnén Quarks

m - Py ." ..'.o ‘ .‘....."J
v e
Proton o A ‘,,, .
RGO
VN ‘ QAL e
N
Neutron Ll . y
IQ.- 5 5 $

[ J
Electron

Super-Mlxpoaxémo

O1 vOuoI TNG PUOIKNG

OTIC TTPWTEG OTIVMEG META TNV MeyaAn ‘Ekpnen. o
2UHBiwan YeTagu CwHATIOIOKNAG PUTIKNG, ot 2 o9
AOTPOPUUTIKNG, KOl KOOUOAOYIOG. )




H KAiyaka Tou 2UPTTAavVTOG

= 1521 The building blocks of the Universe 0 »
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https://www.youtube.com/watch?v=VEHDdy7jzFE&index=15&list=UUUDM7k9qDH6VFQb-EIfqFaw

H TTpayupoatikn aTrootacn ¢- ZeAnvng

(Trepitrouv 30 dopéc n dudpetpog tng Mnc)

THIS IS WRONG

EARTH DIAMETER MOON DIAMETER DISTANCE EARTH-MOON
12.742 KM 3. 474 KM £05.66 KM
1907,5 MILES 2159 MILES 252. 088 MILES



KAIJOKO OTO 2UTTAV

Agv UTTOPOUPE TAUTOXPOVA VA OEICOUNE TIC
QTTOOTACEIC KAl T MEYEDN KPATWVTAC TIC
TTPAYMATIKEC AVAAOYIEC TWV PEYEBWYV

2. TOXEUOUNE KABE popd OTO HEYEBOC TTOU POC
evolapepel ( OYKOC, ATTOOTACEIC)

[1pETTEI VO ava@EPOVTal OI TTEPIOPICHOI TNC
AVATTAPACTACNC

To iI010 JTTOPOUME VO KAVOUUE KAl JE TIC
QTTOOTACEIC OTOV UIKPOKOOMO



[TAavntapto Topopa Evyevidoo
Avdarapdaotaon trg KOOPKIG KAipakag

( pe Tov dtevBovt M. Kitomova)
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H TTpaypotikn KALpakao

A ZEPEISHOIOE N ..




Stephen Hawking - The Big Bang



https://www.youtube.com/watch?v=gs-yWMuBNr4

H MeyaAn ‘Ekpnen (Big Bang)

@ H koouoAoyia £xel, OTTWG
KAl N OWMNaTIOIaKN s
(QUOIKI, TO ‘KOBIEPWHEVO Blg Bang The
TTPOTUTTO’ TNC. You've oo TQTY, -

| OBQK‘K\(\‘\;\% -

= H Bswpia autn
QVATITUXTNKE ATTO TIC - i, 00
apxéc Tou 200 aiwva,
META TNV AVATITUCN TNG ' < e ¢ i _W
[eviKrC Bewpiag TIC - T :
2 XETIKOTNTOG.

LtaMAaR

 H Bewpia 1N MeyaAng ‘Ekpn¢ng dev gival pia akoun 6swpia 1Tou
TTPOCTIABE va €¢nNyNOEl TO 20UTTAV Kal TNV €CEAIEN Tou, gival H
Bswpia.

* H Bewpia £xel atrodelxOei TTEIPAUATIKA.

e 2TNV EMOTAMN UTTAPXEI JOVO TTAPATAPNON, METPNON Kal
emIRERaILIVEI 1] OXI TNV Bewpia.



H MeyaAn ‘Expnen
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H MeyaAn ‘Ekpnen (Big Bang)

Eival evoia@Epov TTwe n Bewpia Tng MeyaAng ‘Ekpneng
(Big Bang) dev ATav TTavTa ‘Tng nodac'.

Ortav o Einstein dieTuttwoe 1N ['evikh Bewpia TNG

2 XETIKOTNTAGC, €i0E OTI TO 2UUTTAV OE UTTOPEI va gival
OTATIKO OTTWG ATAV N ETTIKPATOUOO Bewpia eKEIvN

TNV €TTOXN.

‘EBAAE ,A0ITTOV, ‘YE TO XEPI' IO AKOPN TTAPAPETPO OTNV
Ocwpia TOU TTOU €KAVE TO ZUUTTAV «UE TO (OPI» OTATIKO.
ApYOTEPQA, TTAPAOEXTNKE TTWC NTAV TO HEYAAUTEPO AABOC
TNG KAPIEPAG TOU.



H MeyaAn ‘Ekpnen (Big Bang)

= H Btswpia Tou Big Bang dev aoxoAcgital (ouTe TNV
evolapEPEl) TI ouveRN TTpIv TV MeydAn ‘Ekpnen 4 T TNV
TTPOKAAEQDE.
Ao XOAgiTal JOvo JE TO TI oUVERN pera Tn MeyaAn
Expnén .

@ H Bewpia dpxioe va KaBiEpwVeETAl UETA TIC JETPNOEIC TOU
Hubble kal edpaiwOnke YETA TNV avakaAuyn TNG
KOOMIKNG aKTIVOBoAiag uttof3a0pou.

@ To gpyaAcio yia va atroTuTTwOEi N QuaOIKn diEpyaaia
gival Ta yabnuarTika.



H MeyaAn ‘Ekpnen (Big Bang)

H emkpartouoa Bewpia oTIC apxEC TOU alwva
Bewpouoe OTI TO 2UUTTAV Eival AIWVIO KAl
QUETABANTO.

Eixe Ouw¢ Eva pIKpO TTPORANUA: | 3

d€ YTTOPOUCE VA £¢NYNOEl EUKOAQ TO . :
“TTaPBEd0E0 TOu Paupou VuxTEPIVOU oupavol’. - M—— |
‘Evac BEAyoC QuUOIKOC Kal 1EpEag, o Georges
LeMaitre, egeAige TNV Bewpia TTWG TO 2UUTTAV [
gixe apxn. B
O avritTtaAog Tou BpeTavog aoTpovouog,
Fred Hoyle, BagTioe eutrailovrag Tnv Bswpia
auTtn ,‘Meyalo ydouTtro’ (Big Bang) .




ATtrodeicelc yia 1o Big Bang

Ta 1oxupoTEPQ ETTIXEIPAMATA UTTEP TNG Bewpiac TN MeydAng
‘EKpNENG €ivai :

1. O1 TTapaTnPNOEIC TWV ACTPOVOUWY TTOU ATTOOEIKVUOUV TNV
d1a0TOAN ToUu 2UupTravTog - (O Edwin Hubble ATav o TTpwTo1TO0p0C)

2. H avixveuon TnN¢ UMIKPOKUPATIKAG aKTIVOBOoAiag uttofdaBpou (yia
TTPWTN POPA avixveubnke atrd Toug Penzias kai Wilson).

3. 'Eva TpiTo 10XUPO ETTIXEIPNMA, TTOU OEV AVAPEPETAI OUXVA, Eival TO
YEYOVOG OTI N Bewpia TNG MeydAnc 'EKpNENG avatrapayel Je HEYAAn
aKpiBela TIC TTAPATNPEOUNEVEC aPBOVIEC TWV EAAPPWYV CTOIXEIWY “He,
’H, 3He kai ‘Li.



To 2uutrav OlaoTEAAETAI -
10 TTapadoco Tou Olbers

O oupavoc gival OKOTEIVOG To Bpadu. [Nari;

Av TO 2UUTTAV €IXE TTAVTA TNV idI0 CUUTTEPIPOPA ONAQDN
Qv €ival oTATIKO, ATTEIPNG NAIKIAG KAl ATTEIPNG EKTACNG

2.€ KABe onpeio Tou oupavou Ba UTTPXE EVAGC AOTEPAGC

OAo 1o 2upTrav Ba nrav Bepud oav TNV ETIPAVEIQ EVOC
AoTPOU






Nwc Ba deifouvpe ota TTadla to
Trapadoéo tov Olbers;

= 1. Me @axoovg/xivnta
=@ 2. Me xkepra/avamtpeg
= 3. Me aA\eg @pmTelVEG INYES TOL YMPOL



[leipauaTa aoTpovouiac UE AaTTAQ UAIKG

@ [1aTi 0 oupavocg gival KOKKIVOC KATA TNV avaToAn Kal TNV
Auon Tou HAiou;

= [1aTi 0 oupavog gival UTTAE TNV NUEPQ;

@ To @ACHA TOU PWTOC




To treipapa ye 1o vouvou!

( EBvikS AoTtepookoTreio ABnvwv)







NMwc palevovpe TTANPodOPLEC yia TO
draoctnua;
= ‘OAn 1 YVOO1 pHag yid Ta AVTIKEPEVA EKTOG TOD

HAwako0 2Zvotrpatog otnpifetatl armokAeloTIKd
OTO P®G IOV EKIIEPIIODV.




['1aTi 0 OUPAVOC €ival KOKKIVOG KATA TNV
QVATOAN Kal Tnv duon Tou HAiou;

@ Td hova Xpwuarta TTou akoAouBouv Tnv euBuypauun
TTOPEIa TOUC JECA OTNV ATMOOE@AIPA ,XWEIC va
EVOXAOUVTaI ATTO TA JOPIA TOU AEPA Eival TO KOKKIVO, TO
TTOPTOKOAI Kal TO TTOPPUPO.

@ To yaAddio Kal To IWOEC oUVAVTOUV TTAVTOU EUTTOOIO KAl
OEV KATAPEPVOUV VA KAVOUV Tn dladpourn HEoa oTnyv
ATNOC@aAIpa



['1aTi 0 oupavoc gival yaAadiog;



http://tinanantsou.blogspot.gr/2014/10/blog-post_26.html




[ 10T 0 oupavOoC gival YaAadiog;

000 pIKpOTEPO €ival TO UAKOC KUPATOG EVOC XPWMUATOC
TOO0 OUOKOAOTEPO €ival yI'auto va dlaoyioel TNV
ATNOC@AIPA.

Ta xpwuata TTou QUOKOAEUOVTAI TTEPICOOTEPO Eival TO
IWOEC Kal To yaAadlo.

O 'HAIOG eKTTEUTTEI AIYOTEPO IWOEC XPWHA ATT OTI
yaAado.

To uar pag avauiyvuel To KiTPIVO UE TO 1WOEC Kal
yivetal yaAadlio



H TTopeia Tou NAIaKoU QpwTOC

reAavog oupavog




Ta O1aPOPETIKA UNKN KUMPATOC

YALAGIR SN



[Tw¢ QaiveTal 0 oupavocg aTro TN ZeANvN;
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AvaAuon TOU pWTOC




Oupavio 10¢0 aTo TaRAvI
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http://tinanantsou.blogspot.gr/2011/12/blog-post_6927.html

ddopa pe cd







AvaAuon Tou AEUKOU QWTOC

AEUKD ¢ — KOKKIVO
TOU fAlou ~ nopToka
KAAUTTTRO TOU - KiTpIvG
napabipou — Mp QoW
— UThE

YUQAve plapa






O Hubble kai To TNAeoKOTTIO TOU

[0 TTPWTN QOPA EYIVE TEXVIKA dUVATOV VO UETPNOEI
KATTOIOC TNV TAXUTNTA TWV YAAQCIWV O OXEON ME TNV
QTTO0TOCN TOUG OTTO TN ['N.

O Hubble trepipeve va peTprioel TOUG HIOOUC YOAACIEC
va atropakpuvovTtal atro T I'n (red shifted) kai Toug
aAAouc¢ piooucg va TAnolacdouv (blue shifted)

AUTO TTOU PETPNOE NTAV TTWGS OAOI OI YOAAEIEC
atmropakpuvovTtav atro tn n.

To 2upTtrav Oev gival oTaTiko (1929)



Mavtee TTOLOC

= Meta ) peyaAn avakaloyn too Hubble mmotog
okapPalwoe oto povvo Wilson yia va
IIAPATNPI)0EL TV KIVI)|ON T®V YAAASI®V;

EINSTEIN HUBBLE



https://www.youtube.com/watch?v=gaO-f1r6INE

O vouoc Tou Hubble (1929)

V*PARSECS 210® PARSECS
FIGURE 1 '

Velocity-Distance Relation among Extra-Galactic Nebulae.




42







H atrouakpuvon Twv yaAaciwyv
XWPOCG 2 OIOCTACEWY




Kévtpo MoAwtiopov 16pupa Ztavpog Nuapxog
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H atrouakpuvon Twv yaAaciwyv

AG @avTaoToUphe OvTa dUO dIAOTACEWY TTOU [BpiokovTal
TTAVW OTO UTTAAOVI.

AC pavTaoTOUUE 2 JUPHNYKIQ

[Mwg Ba avTiAauBavovtav TNV ATTOUAKPUVON TWV
YaAagiwy;

= T10a yivel av XpnNOIJOTIOINOOUUE OIAPOPETIKA UTTAAOVIQ;
@ H O1a0TOAN £XEI N OXI KEVTPO;



Raisin bread analogy of an
expanding universe

il
- 2 Cm/ 5 cm
4
&
A. Raisin bread dough before B. Raisin bread dough a few hours later.
it rises.

Copyright © 2009 Pearson Prentice Hall, Inc.




Expanding Balloon Analogy
Photons move and redshift

-

Galaxies spread apart but /. '
stay the same xize o




T1 €ival N KAPTTUAWON TOU XWPOXPOVOU;




H eCeAgn Tov Zopnavtog
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To KaBiepwpevo KoouoAoyiko MovTEAO

@ To 20uTTav atroTeAEITAl aTTO OpaTr) UAN, diaxutn
OKTIVOBOAia, OKOTEIVA) UAN KAl OKOTEIVI) EVEPYEIQ.

@ To 2UPTTav OIaoTEAAETAI, APAIWVEI KAl WUXETAI.

@ 2& MEYAAN KAIJOKO TO 2UUTTAV €ival OUOIOYEVEG KAl
IOOTPOTTO.

@ O xwpocg donuioupyeital padi Je To OIAOTEANOPEVO
2.uutTav



H 1oTopia ToL 20pTTOVTOG

AN
Ay oo
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Ynépvnpa: coow S i

,"‘“"""‘"" Particle Data Group, LBNL, © 2000.
Supported by DOE and NSF
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Possible Models of the Expanding Universe

r Decelerating Universes 7 Coasting Universe Accelerating Universe

A decelerating universe reaches its current size in the least amount
of time. The universe could eventually contract and collapse into a
"big crunch” or expand indefinitely. A coasting universe (center) is
older than a decelerating universe because it takes more time to
reach its present size, and expands forever. An accelerating universe
(right) is older still. The rate of expansion actually increases because
of a repulsive force that pushes galaxies apart.
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H 10TOpIa TOU 2UPTTAVTOC




To Big Bang




H apyxn Tou 2UPTTavTOoC £ival TO PWGC




Koo uIKO XwvVi :PT1acE TNV dIKA 00U
KOTaOKEUN

XPNOIJOTTOINCE TA TTOPOKATW UAIKA:

0 XapTtovia
0 KaAwdla
0 AduTtrakia

0 Mtrartapia



HISTORY OF THE UNIVERSE

Accelerators

LHC
protons

High-energy
cosmic rays

,\0
<,
$

V;
7 Y 43
< S L

t = Time (seconds, years)
E = Energy (GeV)
Key

vark \ o3
0 4 neutrino ‘ ion * star V ’
# gluon «,”
Mbosons Y s
electron . atom c galaxy E
@ @  meson
muon
black
8 o @ baryon a’ photon hiole

Particle Data Group, LBNL© 2014 Supported by DOE
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["evIKN Oewpia TNG ZXETIKOTNTAC




[10Ti TTEPIOTPEPOVTAI Of TTAAVITEG
YUpw atro Tov ‘HAIo;
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T1 €ival oTnV TTpaAyuaTIKOTNTA N BapuTnTa;
KauTTUAWON TOU XWPOXpPOoVou




[1aTi TTEQTEI TO PAAO;

( Aavaog CINEDOC)
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T1 yiveTal pe Tov XpOVvo;

\ L PN s . N
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http://www.physicscentral.com/experiment/physicsathome/free-fall.cfm
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H Kivnon Twv ecwtrAavnTwy yupw
QTTO OUO PAUPEC TPUTTEC
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T1 €ival Ta BapuTiKa KUUATA;

( Kévtpo lMoAimiopou 1dpupa Zraupog Nidpxog)







2

* Ti eival Ta PapuTIKG KOpata .

&‘.

KOpa;

/ wodapiapynue //:duy”

I pade xpoxalsi xaporilwon) oo peyakinepy g pide, oo
70 orvIGY Gx6og et paiher peyeckomepy xm y xapxodeoy
00 pbovkivyx o' évee 100 oeviovios coxs 1) faporite,

15U0 pag apxidapc v
Xoptioupe o ivag yipw o’
Tov &Mo Ba rpoKakovoayE
1 gpici Blaxupavatic oTo

ARAG 8o frav
cEaipenina pikpis,
‘mpaxtiké aBlvato
v avigveuto

H Bapimra civen n aBevéotepn Twy
Buvicwy 010 TUpTaY...

Zeiyos aoTépwy
verpoviuwy

7 Anhabij xpeialpacTe kém pe TepéoTia

paga mou Kiveital mapa oAD ypAyopa yia

Ve HTTopEToupE V' avIXVEUoOUpE TIg
5axuuivo



H Biain (un onueTpikn) petakivnon palwyv eugaviovral wg
TITUXWOEIC (TAAQVTWOEIG) TN OOMN TOU XWPOXPOVOU
TTou petadidovTal he TNV popgpn BapuTikwyv Kupdatwy.

e

B UPUTTRA KU TR ATAPUYOVIal OTAVY, ..' DTIONTTOYEHEHUCATEVEOVEIN
TRCECEETTITOYUVOUVS ITTOPEIV IO HIOUPYNOED
rl e | A( r IJ ll’l l)‘} - »

= Q‘*\s"‘ PUPUTIR KUP AT

AV o1 duo pag apyidape Ve
- “a " XOPEUOUHE 0 EvVag yupw atr'
_”"Y rov dAAo Bu rpokaholoape
KI £PEig SlaKUpavoeIs oTo

AAAG Ba Rrav

eaIpETIKG PIKPES, Pl
TPUKTIKA adUvaro

Vel aVIXVEUTOUY,

79



O Kip Thorne 6&¢iyvel ta Baputika

KOpOTo JE TOL MAyoUuAd tou!
16pupa Euyevidou

80



Baputika KUpota oto Evuyevidelo!

81



LIGO Gravitational Wave Chirp o »

512 l | o |
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> >l o) 0:03/0:12 ar


https://www.youtube.com/watch?v=TWqhUANNFXw

Strain (102?") Strain (102?")

Strain (102")

10F

0.5
0.0

0.5
10
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To 2Znua nou 'Eqprace otn IMn
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1 1

LIGO Hanford Data  Predicted

|
1 1l

LIGO Livingston Data Predicted
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LIGO lemgston Data
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To mreipaua LIGO
.Hl I':“" =r




IMpotapykn Koopikn axtiva

7"
. N\ N 27 7 1 \\
AgpoaTaTo N\ =
30 000m S, !
M - = = | =+
4 |

Hisxtpopayvnuxkog
KOTONYIGPROS

Agvk6 Opog
4807m

pu*

Concorde
15 000m

AOPOVIKOS
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1. Eva @aivouevo TTou €ixe raparnenbei atrd Toug puaoikoug Tou 18ou
alwva ATav n aubopunTn EKPOPTICN TWV NAEKTPOOKOTTIWY, TTAPA TNV
gvioxuon TnG JOVWOT G TOUG.

AvalnTnon yia hia EpPNVvEia Tou @aivouEvou ,00Nynoe oTnV avakaAuyn
TWV KOOMIKWY AKTiVWV.

2. 211¢ 7 AuyoucoTou Tou 1912, o Hess ékave petproelg oe uwog 5300
METPWYV, KATA TNV JIAPKEIA HIAS aXeDOV OAIKNG EKAEIWNG Tou HAiou.
ETre1dn o0 10VIONOG TNG ATHOC@PaIPAC deV JEIWONKE KATA TN OIAPKEIA TNG
EKAEIYNG, UTTOOTAPICE OTI N TTNYI TNG aKTIVOBoAiag dev rav o ‘HAlog,
aAAG TO ATTWTEPO dIACTNMA.

3. WnAda otnv aryoo@aipa 1nS 'nG o Hess €ixe avakaAUWeEl PIa QUOIKA
TTNYN CWHATIOIWY UYNANG EVEPYEIAC: TIC KOOMIKEC OKTIVEG.

Kai yia auto BpaBeUTnKe HE TO VOUTTEA QUOIKAG TO 1936




HAEKTPOOKOTTIO, O TTPWTOC AVIXVEUTNG
KOOMIKNG aKTIVOOAIag




Newpapata Quoikric pe ATTAG YAikd Mathesis NMEK




Skinner, Stephen

Stewart, John
Stewart, Gay
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Neutrinos: 0.1% — 5%

Baryons: 4 +1%

CMB: 0.01%
Cold Dark Matter:
20+ 4%

Make a cosmic pizza?

The ‘Standard Model’ of the Universe
Indicated by astrophysics and cosmology
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https://www.youtube.com/user/PHYSICSALL?feature=watch
http://www.physicscentral.com/experiment/physicsathome/free-fall.cfm

IOTOPIA TOU 2UMTTAVTOC

|

History of the Universe
CE?\\\\—\,\’\C . * N
N'ce\e“ g N je:;\c n @ i n
el Cgv\\\\\;%; * : (\‘\’ n
- @

g n
tﬁ n g
_mg n Rl
Inflati Sq 59 m1 4% S

nflation €7 q0o
- LA
B i3
Z 3
2
8
3
5
s

Ke)’: W, Z bosons N\ photon

q quark Q) meson * star

SF) @ ® baryon

g gluon ,
€ electron &% ion . galaxy
mﬂUOﬂ tau b'aC'(
N neutrino @ ALom hole
Particle Data Group, LBNL, © 2000. Supported by DOE and NSF
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|2.8 BILLION YEARS AGO, [l S\

A FEW SECONDS BEFORE THE  E.a ¥ iy \| =2
CREATION OF OUR UNIVERSE ' Lets fire upthis
— . arge Hadron Parhicle

llider and see
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