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BiAloypaia:

Mavou Aavéln kal ZTpdatou Ogodoaoiou, To Zuutrav TTou aydarrnoa, Ekd. AiauAog,
AOnRva, 2012, ISBN: 978-960-531-288-6

XapdAautrou BapBoyAn kai lMNdvvn X. Zeipaddkn, Eicaywyn otn ouyxpovn
aoTpovopia, EkdOTNG: Naptaydvng, ApIOuog 2eAidwyv: 352, 1994

2t1aupou |. AuyoAouTtrn kai lwavvn X. Zeipaddkn, NMaparnpnoiak ACTpovouia,
Exkd61ng MNMAavntapio Oscoalovikng, 2004, Ap1Oudg ZeAidwyv 246, ISBN 960-86810-3-0

B. W. Carroll and D. A. Ostlie

An Introduction to Modern Astrophysics,
€kd. Addison-Wesley, 1996 kon 2013,
ISBN-13: 978-1292022932

Etriong:

MevIKWG pTTOPEITE VO BPIOKETE ETTICTNMOVIKA ApOPa & OTTOIOONTTOTE AVTIKEIMEVO,
OOTPOYPUCIKNG, PUOIKNG, MOONUATIKWY, @IAOCO@Iiag I OTIONTTOTE, OTNV I0OTOCEAIDA:

Ta Kal
TP WTOIOVAPEPOVIAITONTIONXP N GIMOTTOINHEVOITOIKOTAITEK M PIOFTIOIC M OVIIKA:



http://www.astro.virginia.edu/class/majewski/astr551/lectures/LECTURE2/lec2b.html
http://casswww.ucsd.edu/archive/public/tutorial/Stars.html
http://www.astro.washington.edu/users/anamunn/Astro101/Project1/stellar_spectroscopy_introduction.html
http://handprint.com/ASTRO/
http://www.astronomy.ohio-state.edu/~pogge/Ast162/Unit1/sptypes.html
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BIBAIA TIA TO MAOGHMA EIZAINQrH xTHN
AZTPO®YZIKH

To cUuTtTav TTou aydaTmnoa

Kwdikég BiBAiou otov EUdogo: 22684958

‘Ekdoon: MavemoTnuiokh ‘Ekdoon/2012

2uyypaoeic: Aaveélng Mavog,@codociou 2TpdTog

ISBN: 978-960-531-288-6

TOTOG: ZUyypauua

A1aBETng (ExdOTNG): AIAYAOZ A.E. EKAOZEIZ BIBAIQN

To cUuTtTav TTou ayaTnoa

Kwdik6g BiBAiou atov EUdogo: 12212

ApiBuég Tépou: Tépog 1

‘Ekdoon: 3n €k6./1999

2uyypageic: Aaveélng Mdavog,@co0dociou 2TpdTog

ISBN: 978-960-531-062-2

TOToG: ZUyypauua

A1aBETng (ExdOTNG): AIAYAOZ A.E. EKAOZEIZ BIBAIQN

To ouutrav Tou aydamnoa

Kwdik6¢ BiBAiou atov EUdogo: 12213

ApiBu6g Tépou: Tépog 2

‘Ekdoon: 3n €k6./1999

2uyypageic: Aavélns Mavog,@co0doaiou 2TpATog

ISBN: 978-960-531-063-9

TOToG: ZUyypauua

A0Bétng (Ekd6TNG): AIAYAOZ A.E. EKAOZEIZ BIBAIQN

Eicaywyn 0TV aoTpoQUOIKN

Kwdikég BiBAiou otov EUdogo: 42022440

‘Ekdoon: 1n/2014

2uyypaoeic: AAucoavdpdkng K.

ISBN: 978-960-02-3058-1

JUTTOG: ZUyypauua

AioBétng (Exd6TnG):-EKAOZEIZ- NARAZHEH-AEBE

EIZAFQrH ZTHN AZTPONOMIA KAl AZTPO®YZIKH

Kwdik6g BiBAiou otov Eudogo: 22846310

‘Ekdoon: A'EKAOZH/2012

Zuyypageic: ZAOEIPOIMOYAOZ BAZINEIOZ,ZADEIPOIMOYAQOY
KAPATZOIAQY O®INAPETH

ISBN: 978-960-530-148-4

TOTOG: ZUyypauua

A10B£Tng (EkdOTNG): ETaupeia A¢lotmoinong kai Alaxgipiong
Mepiouaiag MavemmoTnuiou MNaTpwv

Al0BéTng (Ekd6TNG): AIAYAOZ A.E. EKAOZEIZ BIBAIQN

AZTPO®YZIKH TOMOZ |

Kwdikdg BiBAiou oTtov Eudoto: 280

ApiBuég T6poU: |

‘Ekdoon: 1n/2009

2uyypaoeic: SHU FRANK

ISBN: 978-960-7309-16-7

TOTOG: ZUyypauua

A1aBETNG (ExdOTNG): IAPYMA TEXNOAOTNIAZ & EPEYNAZ-
NANEMNIZTHMIAKEZ EKAOZEIZ KPHTHX

AZTPO®YZIKH TOMOZ I

Kw?dikdg BiBAiou otov EUdogo: 282

ApiBuég téuovu:

‘Ekdoon: 1n/2009

2uyypageic: SHU FRANK

ISBN: 978-960-7309-17-4

TOToG: ZUyypauua

A1aBETNG (ExdOTNG): IAPYMA TEXNOAOTNIAZ & EPEYNAZ-
MANENIZTHMIAKEZ EKAOZEIZ KPHTHZ
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BIBAIA ZXETIKA ME THN
AZTPO¢YZ|KH ["eVIKN) ZXETIKOTNTA

) ) Kwdikdg BiBAiou otov Eudoo: 6236
AcoTpo@uaoikr NMAGouaTog ‘Ekdoon: 3/2007
Kwdikdg BiAiou otov EUdogo: 50661503 Zuyypageig: Bernard F. Schutz
‘Ekdoon: 2n ‘Ekdoon/2015 ISBN: 960-7122-21-6
2uyypageic: Kavapng Toiykavog TUTOG: ZUyYypauua
ISBN: 978-960-91748-2-4 A1aBétng (Exd6TNG): TPAYAOZ & 2IA OE

TUTTOG: ZUYYypauua
A10B€TNG (EkdOTNG): KANAPHZ TZIFTKANOZ

AcoTpo@uaoikr NMAGouaTog

Kwdikdg BiAiou otov EUd0&0: 42116553
‘Ekdoon: 1n ‘Ekdoon/2015

2uyypageic: Kavapng Toiykavog

ISBN: 978-960-91748-2-4

TUTTOG: ZUyYypapua

AlaBétng (ExkdoTNG): KANAPHZ TZIFTKANOZ

Koopikr} AKTIvOBoAia

Kwdikég BiAiou otov EUdog0: 45309

‘Ekdoon: 1n €kd./2009

2uyypageic: MaupopixaAdkn - XpiotottouAou EAEvn
ISBN: 978-960-266-251-9

TUTTOG: ZUYYypaPua

A1abétng (EkdoTNG): Z. AOANAZOMNOYANOZ & 21A O.E.
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dwroypagia FaAagia pqg

atro Tov K. ZTPATO Koucpo atmé 1o aoTspOOKomlo TOU
oTnv Pédo. y
http://lwww.stratos-photography. com/

© Stratos Koufos
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dwToypagia TQU YEITOVIKOU pag voAaéia Tng Av6popé56u;
« amoé ToV'K. ZTpdT1o Kou@d, atrd 10 acTepOOKOTIEIo Tou oTnV Pddo.
http://www.stratos-photography.com/ .

-

© Stratos Koufos




dwroypagia Tou yaAagia Tng Aivng, 1 Messier 51a,
M51a, 1 NGC 5194

Eivar duo aAAnAemdpwvTeg yaAagieg

atro Tov K. 2TpdaTo Kou@o, atrd TO AoTEPOOKOTTEIO TOU
oTtnv Pédo.

http://www.stratos-photography.com/

© Stratos Koufos




dwToypagia Twv ACTPIKWY
ounvwy x kai h  Caldwell 14,

2¢ amooTtaon 7500 £Tn ewTAdC,
OXETIKG véa ue nAIKia poAig 12,8
EKATOPUUPIA £€TN

ato Tov K. ZTpaTo Kou@d, atrd 10
aoTepOOKOTIEIO TOU aTNnVv Pddo.
http://www.stratos-photography.com/




dwTroypagia Tou aoTpikou ourpvoug Tou HpakAn
aT1TO TOV K. 2TPATO KOou®o, a1rd TO AOTEPOOKOTIEIO TOU OTNV POdO.
http://www.stratos-photography.com/
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BiAloypa@ia:

Mavou Aavéln kal ZTpdaTtou Ocodoaoiou, To Zuutrav TTou aydrmrnoad, Ekd.
AiaulAog, ABnva, 2012, ISBN: 978-960-531-288-6

B. W. Carroll and D. A. Ostlie

An Introduction to Modern Astrophysics,

ekd. Addison-Wesley, 1996 ka1 2013,

ISBN-13: 978-1292022932

Emiong:

http://map.gsfc.nasa.gov/universe/bb_theory.html

Kai https://www.astrosociety.org/education/astronomy-resource-
guides/cosmology-the-origin-evolution-ultimate-fate-of-the-universe/

MevIKWG PTTOPEITE VO BPIOKETE ETTIOCTNMOVIKA APpOpa 0€ OTTOI0OOATTOTE
OVTIKEIMEVO, ACTPOPUCIKAG, PUOIKAG, HOBNUATIKWY, @IAOCO®IAG I
OTIONTTOTE, OTNV ICTOCEAIOQ:

https://www.google.gr/

Ta apBpa Trapoualqzovml pa q§|o)\oyr|or| Kl Trpra ava@EPOVTal TO TTIO
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Dempei Tov ‘HAIo aoTépa.opKeTd xpowaerlv TOV
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- €NeyelaLkai KuTq)\ovaénv TOV I'Ipraunmv ..
: )\syopevov OV-voBov aél@imv £IVGI Tlvegou
= ouxi autQU.. (peﬁ'aTou BésauTo0 KAl Xiou KTiolg Kdi *
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http://el.wikipedia.org/wiki/%CE%8A%CF%89%CE%BD_%CE%BF_%CE%A7%CE%AF%CE%BF%CF%82
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ITAPAGETQ
MaAaleg BNUOGIEUGEIG KA
Apxala Kelpeva,
AiloTi gmiTpemOoUV va avTiIAn@Boupe KaAutepa TNV €§eAI{n TWV EMIGTNUWYV

Agv g1val amapaliTnTto va Ta di1afaceTe,
AAANa TTpemrel va mpogmabngeTe.

Oa gag Bonbngouv va KATAVONGETE KAAUTEPO TTOIOI EIYAGTE, ATTO TMTOU EPXOHUAUAOCTE
KOl TTOU MTTOPOUME VO TMAHPE, N TMIO GWGTA TTOU UTMOPEITE VA TMATE.

MoAu evdIa@PEPOUGEG QUOEVTIKEG TTPOQPOPIKEG avapopeg 0a BpeITe ¢gTNV IGTOGEAID !
Http://www.Bbc.Co.Uk/science/space/universe/scientists/




Avo PaOIKEC APYESC TNC
£PELVAC KAL TNC ETTLOTNUNC



ITov Paoiletan n epevva;
o ITAovtapyoc pac Aeet:
otnV Ocia meplepyela

oto P1BAo o1t ovdE (v oty ndewg kat - Emikovpov

Em'Kcl)upog
* Eb00foc 0" niyeto mapaotac T NAi®
Kai katauabav to oxfnua 1od 4oTpov
kai o péyebog kai to €100¢ i¢ O
Dacbwv katapAeynvatl



To évpapt Tov Oxkayu

(epunvevove TA PLOTKA PATVOUEVA LLE TOV
amAovotePO TPOTo) kata ITpokAov,

oyoAta otov ITAatwva

o1V eV yop INvBayopeiwv
TTAPAKEAELOUA TV ... O EAAYIOTOV
KOl GITAOVOTATWV VTTOOETEWDV
YPTVAL TNV PALVOLEVIV GV ULOALQY
TV oVPAVIKV amevbuvery i
OHLAAOTNTA Kai TA&LV:




Albert Einstein, speech on the radio at the opening of the 7
Deutsche Funkausstellung in Berlin, 1930

O

» "...The origin of all
technical achievements
1s the divine curiosity
[of Plato] and the play
instinct of the working
and thinking
researcher as well as
the constructive
fantasy of the technical
inventor..."




Aotpo@uowkn tov Oppea

O

O Oppeac avagpepetar otnv Pvon mov ﬂSpl}\ap?d\’Sl I'n, Baiaocoa,
aepa (aBepa) kar Ovpavo (tTa ovpavia CoOUATA).

>1a Op@ika cvudnteital TaPOVOTIACETAL KA1 AVAADETAL Y1 TIPWTN POPA T
@UVOT] TOV OVPAVIWV CHOUATOV.

I'ia tov Ovpavo avagepetal o 0pog apesPfvyeveBirog, mov yevvrOnke
TPWTOG, CUVENMG GEXOVTAL OTL TO CUUTIAV EXEL APXT], OTTWG KA
adauaotoc, kol ateAng (Ywpig TeAog)

H ®von aratwp avtoratwp , SnAadn yevvnOnke xwpig matepa amo
uovn Tng kat etvatl aidin 6nAadr aiwvia.

H ®von eivan ravravyrng, 0eAaopopog dnhadn TavioL GOTEVT OV
PEPEL PWG, Tauueitnpa Pvolg, Taviwy atnp, dnAadn pag é)%el YEVVI0€EL

oAovg 1 Duon, 1 orola etva ko Pepeafiiog (6nNAaot @epet m o),
Iavootelpa, TavipoPog, pag SIVEL TA TAVTA KAl fag TPEPEL OAOUG,
Koountelpa, opopgatvel tov Koopo kol ravrikpareipa kot

Opetac (pag dtvel TIc mPES KAl TIC ETTOYEC).




Ozoyonia tov Hotooew
8 #




ITowg eTiayOnke 0 KOOLOC (TA TPOTAPYIKA XTIUIKA OTOLXELN ATTO TA OTTOIA
@TaONnke 0 Koouog, 1 amod ota omota faciotnke yua va guiayoet)

"EumedokAfic 0 O1Alav opod kai Neikoc,
‘HpaxAeitog 0¢ TAAIVTPOIIOV GLPLLOVITV
KOOUOV OKWC 7eEP AVPNC Kai TOEoV,
[Tapueviong 0¢ pdc kKai OKOTOC,
Ava&ayopac 0 voiVv Kai aelpiay,

Zwpoaotpnc 0¢ Oeov kai oaipova, ToV UEV
‘QpouaconV KAA®GV ToV O' APELAVIOV.
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Mepika KoopoAoyika Epwtruata

O




Ava&iuavopog

o Amelpov

» IToAAo1 KOO LIOL
(xOouol = oVvumaAvVTaA,
AoTPA, TAAVNTEC )

Apyaioroyko N

’ rﬁg)

<10 KovotavtivoutoAng




Kata l'[)\m'atapxov

Oawnta TPOTOV TAVIOV QACLY aPXTV TOHV SAwV driooTrhoacbat o $8wp-
&€ aVTOD YOp Elval Ta TAVTA Kai €i¢ avToO X(opew

[\

ped’ ov Avadip av6pov _©aAnTog £Taipov yevopuevov, To Gtelpov (pavou
v 6oV amav EXEWV THiG TOD TTAVTOG YEVEOEWG TE KA (peopocg £€ 00 01
PTI01 TOVG Te 0VPAVOVE astokekpiobay, kai kaboAov Tovg mavtag ametpoug
ovtag Koouovg ome(pnvato 02 TV @Bopav ylyveobat kai ToAd TPOTEPOV THY

EVEOLY, ¢§ GMEIPOV AIBVOG IVAKVKAOVUEV@Y TAVIWV AVTOV. DITAPYEWY

€ PNOLTO HEV OXTHATL TRV YTV Kv}\wﬁpoel&], £xew 6¢ tooodtov fabog
GO0V v €N TPLTOV TTPOG TO TAATOG. PTI0i O TO €K TOD Adlov yovipov Beppod
T€ Kai YPUXPOV KATA THY YEVECLY TODOE TOD KOOHOL GmtokpiBijvay, kai Tva &k
TOUTOV PAOYOG OPATPAV TEPLPLTVAL TH TTEPL TV YV GEPL OG TH dEVOPW
(PAOL0V, G ATTOPPAYELONG KA €1G TvVag anoxkew@ewng KUK}\ovg, DIOOTHVAL
TOV A0V Kai TV OEAT|VI)V KAl TOVG GOTEPAG. £TL POV OTL KAT' ApYaS

£€ IAMOEWB OV (DWV 6 GvOpwmog EyevvnOn, £k ToD Ta pev A O Eautdv
TAYD veueo@ou pHovov d¢ Tov vBpwitov toAvxpoviov 6etoban Tlenvnoeoog
O10 kai Kat' apYog OVK &V TTOTE TOI0DTOV HVTA O10WOT VAL, TADTA LEV OV O
Ava&luavopoc.




Ava&lpavopog 6' 6 MANo10¢ pnot TiV VIV TV
APV €ival o dIrerpov:

¢K YOp TOUTOV stavta yiveoOau xai €i¢ tovto
mavta @OeipecOar

010 Kai yevvaoOal aeipove KOGHOVC,

kai v @BeipeoBHan gig 10 £€ 0V yivovtan
(dratnpnon g vANG).



Tév dmmelpoug ATTOPNVAUEV®V TOVC
Koouove Ava&luavopog to icov
AVTOVC ATTEXELV AAANAWV (01 ATTO0TAOELC
HeTay TV AoTPWV elval 10eC),

Etikovpocg §vioov eival TO HETAED TAV
KOOU®V Otaotnua (01 Ato0TACELG
HETAEL TV ACTPWV EVAL AVIOEC).




[1QY OTIAXTHKE [H ITQY ©GA KATAYXTPA®EI|
O KOXMOX:

MV EKTVPWOLV TOD TTAVTOC KOOLOV, NI¢ 00ENC NV
Kai 0 ‘HpakAertoc.

ol ugv yap Emkovpelol avtopata
(PNO1 KAl QIO GTOUWV"

01 0¢ XTOTKOl OOUA KAl EKTTVPWOLV®
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O NaAagiag g KATa TOV
XepoeA, William Herschel,
1785

AgUKITTTTOG, ANUOKPITOG
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Plate by Sidney Hall and Richard Rouse Bloxam from Urania's Mirror.
Coma Berenices can be seen on the right.
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Supernova Near Nucleus of Galaxy M51
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Hubble Space Telescope - Wide Field Planetary Camera 2



Image credit: NASA / ESA / Hubble
Heritage / STScl / AURA / Hubble
Collaboration / R. O’Connell,
University of Virginia / WFC3
Scientific Oversight Committee.
This image was taken in July 2010
with Hubble's Wide Field Camera 3.

http://www.nasa.gov/multimedia/ima
gegallery/image_feature_2192.html



http://www.nasa.gov/multimedia/imagegallery/image_feature_2192.html
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05" at the same scale for comparison



http://iopscience.iop.org/0004-637X/628/1/246/62163.text.html
https://en.wikipedia.org/wiki/Digital_object_identifier
https://dx.doi.org/10.1086/430667

Kévtpo tou NaAaéia pog otov
A To&otn.
ALOLKPLVOULE LEPOVWLEVA ALOTPOL TTOU
KwvouvTtol yupw aro ribavr) polpn
TpUTA

This composite image shows the motion of the dusty
cloud G2 as it closes in on, and then passes, the
supermassive black hole at the centre of the Milky
Way.

These new observations with ESO’s VLT have shown
that the cloud appears to have survived its close
encounter with the black hole and remains a compact
object that is not significantly extended. In this image
the position of the cloud in the years 2006, 2010,
2012 and February and September 2014 are shown,
from left to right. The blobs have been colourised to
show the motion of the cloud, red indicated that the
object is receding and blue approaching.

The cross marks the position of the supermassive
black hole.

Source http://www.eso.org/public/images/eso1512a/

Author ESO/A. Eckart



http://www.eso.org/public/images/eso1512a/

Kevtpo tou
[faAaéio poc
oTOV
A Toéotn.
ALaKPLVOUE

£VTOVN EKTTOUTN
o€ aktivec X
Qo €KPNEN
AoTPOU

http://www.nasa.gov/press/2015/january/nasa-s-chandra-detects-record-breaking-outburst-from-milky-way-s-black-hole/

Euxapiotieg: NASA/CXC/Stanford/l. Zhuravleva et al.
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http://en.wikipedia.org/wiki/Sagittarius_A*

Kevtpo tou MNAatia
LLOLG
SLOKPLVOUUE Eval
TEPAOTLO VEPOC TIOU EXEL
Stappayel HLOTL

aAAnAeTidpa pe pLa
» » . navpn Tpuma

New observations from ESO’s Very Large Telescope show for the first time a gas cloud being ripped apart by the
supermassive black hole at the centre of the galaxy. Shown here are VLT observations from 2006, 2010 and 2013,
coloured blue, green and red respectively. Due to its distance, and the fact that we see the orbit at a steep angle as
the cloud falls towards the black hole, only the position, not the shape, of the cloud can be discerned in this image.
The stretching of the cloud is seen in observations of its velocity, which allow astronomers to work out where on its
orbit the different parts of the cloud are now located. EuxapioTtieg: ESO/S. Gillessen
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This 400 by 900 light-year mosaic of several Chandra images of the central region of our Milky
Way galaxy reveals hundreds of white dwarf stars, neutron stars, and black holes bathed in an
incandescent fog of multimillion-degree gas. The supermassive black hole at the center of the
Galaxy is located inside the bright white patch in the center of the image. The colors indicate
X-ray energy bands - red (low), green (medium), and blue (high).

The mosaic gives a new perspective on how the turbulent Galactic Center region affects the
evolution of the Galaxy as a whole. This hot gas appears to be escaping from the center into
the rest of the Galaxy. The outflow of gas, chemically enriched from the frequent destruction of
stars, will distribute these elements into the galactic suburbs. Because it is only about 25,000

light years from Earth, the center of our Galaxy provides an excellent laboratory to learn about
the cores of other galaxies.
NASA/UMass/D. Wang et al.




To o@aIpwWTO ONrpvous Tou HpakAn TTou
Exel repioocotepa atrd 300,000 doTpa.
EuxapioTieg Rawastrodata

To KEVTPO TOU oPaIpwWTOU CUAVOUS TOU
HpakAn.
EuxapioTtiec ESA/Hubble and NASA -

http://www.spacetelescope.org/images/potw1011a/.

Licensed under Public Domain via Commons -
https://commons.wikimedia.org/wiki/File:Heart_of _M13_Hercules_Globular_Cluster
.jpg#/media/File:Heart_of_M13_Hercules_Globular_Cluster.jpg
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Artist's conception of the spiral structure ofth "'"" PR th tWo major stellar arms and a bar
NASA/JPL-Caltech/ESO/R. Hurt - http://www. €s0. org/public/images/eso1339e/
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Most galaxies, including our own, contain dense clusters of 103 —

10° stars known as

The observed
distribution of
globular clusters
tells us that the
Sun is at
the center of the
Milky Way
galaxy

Shapley’'s Globular Cluster Distribution
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http://www.eso.org/public/images/eso1118a/

Observation Shadow of G

A redevelopment of Image:Milky Way Arms-Hypothetical.png details about method below. User:YUL89YYZ, User:Ctachme,
Kevin Krisciunas, Bill Yenne: "The Pictorial Atlas of the Universe", page 145, ISBN 1-85422-025-X

By User:Rursus [GFDL (http://www.gnu.org/copyleft/fdl.html) or CC-BY-SA-3.0 (http://creativecommons.org/licenses/by-
sa/3.0/)], via Wikimedia Commons
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KoaouoAoyia: o vouog tou Hubble, 1936, v=Hr

H ypauuikry oxéon arrdéotacng TaxutnTag, Bacicuévn OTo
(p(ﬂvéu VO Doppler Edwin Powell Hubble, Yale University Press, 1936 - 207 oeAideg
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To dlaoTnuIkO Treipapa WMAP (2003) €dwoe Ho=71x4(km/s)/Mpc,

To Chandra X-ray Observatory (2006) £dwoe 77 (km/s)/Mpc+15%

QTTOCTAoT

V=Hr



http://en.wikipedia.org/wiki/WMAP
http://en.wikipedia.org/wiki/Kilometer
http://en.wikipedia.org/wiki/Second
http://en.wikipedia.org/wiki/Megaparsec
http://en.wikipedia.org/wiki/Chandra_X-ray_Observatory
http://en.wikipedia.org/wiki/Kilometer
http://en.wikipedia.org/wiki/Second
http://en.wikipedia.org/wiki/Megaparsec

Hubble Diagram for Type la Supernovae
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Solar Interstellar Neighborhood
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Edwin Hubble's P
Classification . . ",
Scheme - |

Ellipticals \
EO E3 E5 E7

By Cosmo0 at en.wikipedia (Original text : None given) SBa
(Transferred from en.wikipedia) [Public domain], from

Wikimedia Commons
https://commons.wikimedia.org/wiki/File:HubbleTuningFork.jpg

Galaxies are very important fundamental building blocks of'the ‘ SBc
Universe. Some are simple, while others are very complex in : ik : . - .
structure. As one of the first steps towards a coherent theory of 5 A L 2
galaxy evolution, the American astronomer Edwin Hubble, 0./ ;

developed a classification scheme of galaxies in 1926. Although : S—— .

this scheme, also known as the Hubble tuning fork diagram, is ‘;

now considered somewhat too simple, the basic ideas still hold. ' e



Tagivopnon yaAagiwv kata Hubble

(oxApa Tou K. Ville Koistinen)
https://commons.wikimedia.org/wiki/File:Hubble _sequence photo.png




The Spitzer Infrared Nearby Galaxies Survey (SINGS) Hubble Tuning-Fork
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This poster displays the 75 SINGS
galaxies arranged in a tuning fork
based on their optical morphology. The
color images of each galaxy were
created from the SINGS IRAC 3.6um
(blue), IRAC 8.0um (green), and MIPS
24um (red) images. This poster
represents summarizes a large
amount of work carried about by the
SINGS team in writing the original
proposal, planning the observations,
reducing the data, and many studies
devoted to understanding what the
images mean. Most of the work for the
poster itself was carried about by

with significant help from
Robert Hurt. Many SINGS team
members and Science Center
staff contributed helpful comments and
advice.
The has
a on this poster.
Questions about the poster should be
directed to Karl Gordon
(kgordon@stsci.edu). The poster can
be used for any non-commercial
application without requesting
permission. For commercial use,
please contact Karl Gordon
(kgordon@stsci.edu).

The Spitzer Infrared Nearby Galaxies Survey (SINGS) Hubble Tuning-Fork

&
®


http://dirty.as.arizona.edu/~kgordon/
http://www.spitzer.caltech.edu/
http://www.spitzer.caltech.edu/
http://www.spitzer.caltech.edu/features/articles/20071214.shtml

The NASA/ESA Hubble Space Telescope has
snapped the best ever image of the Antennae
Galaxies. Hubble has released images of
these stunning galaxies twice before, once
using observations from its Wide Field and
Planetary Camera 2 (WFPC2) in 1997, and
again in 2006 from the Advanced Camera for
Surveys (ACS). Each of Hubble’'s images of
the Antennae Galaxies has been better than
the last, due to upgrades made during the
famous servicing missions, the last of which
took place in 2009. The galaxies — also
known as NGC 4038 and NGC 4039 — are
locked in a deadly embrace. Once normal,
sedate spiral galaxies like the Milky Way, the
pair have spent the past few hundred million
years sparring with one another. This clash is
so violent that stars have been ripped from
their host galaxies to form a streaming arc
between the two. In wide-field images of the
pair the reason for their name becomes clear
— far-flung stars and streamers of gas stretch
out into space, creating long tidal tails
reminiscent of antennae. This new image of
the Antennae Galaxies shows obvious signs
of chaos. Clouds of gas are seen in bright
pink and red, surrounding the bright flashes of
blue star-forming regions — some of which
are partially obscured by dark patches of dust.
The rate of star formation is so high that the
Antennae Galaxies are said to be in a state of
starburst, a period in which all of the gas
within the galaxies is being used to form stars.
This cannot last forever and neither can the
separate galaxies; eventually the nuclei will
coalesce, and the galaxies will begin their
retirement together as one large elliptical
galaxy. This image uses visible and near-
infrared observations from Hubble’'s Wide
Field Camera 3 (WFC3), along with some of
the previously-released observations from
Hubble’'s Advanced Camera for Surveys
(ACS).





















http://antwrp.gsfc.nasa.gov/apod/image/0611/andromeda_gendler_big.jpg
http://antwrp.gsfc.nasa.gov/apod/image/0611/andromeda_gendler_big.jpg



http://antwrp.gsfc.nasa.gov/apod/image/0510/m31red_spitzer_big.jpg
http://antwrp.gsfc.nasa.gov/apod/image/0510/m31red_spitzer_big.jpg



http://antwrp.gsfc.nasa.gov/apod/image/0312/m31_galex_big.jpg
http://antwrp.gsfc.nasa.gov/apod/image/0312/m31_galex_big.jpg




Whirlpool Galaxy« Mst1

T

NASA and The Hubble Heritage Team (STScl/AURA)
Hubble Space Telescope WFPC2 « STSci-PRC01-10







Galaxies can take many forms — elliptical blobs, swirling spiral
arms, bulges, and discs are all known components of the wide
range of galaxies we have observed using telescopes like the
NASA/ESA Hubble Space Telescope. However, some of the
more intriguing objects in the sky around us*include ring
galaxies like the one pictured above — Zw Il 28: Ring galaxies
are mysterious objects. They are thought to form when one
galaxy slices through the disc of another, larger, one — as
galaxies are mostly empty space, this collision is not as
aggressive or as destkuctive as one might imagine. The
likelihood of two stars physically colliding is minimal, and it is
instead the gravitational effects of the two galaxiee that causes
the disruption. This disruption upsets the material in both
galaxies, causing it to redistribute to form a dense central
core, encircled by bright stars. All this commotion causes
clouds af gas and dust to collapse and triggers new periods of
intense star formation in the outer ring, which is thus full of hot,
young, blue stars and regions that are actively giving rise to
new stars. The sparkling pink and purple loop of Zw Il 28 is not
a typical ring galaxy due to its lack of a visible central
companion. For many years it was thought to be a lone circle
on the sky®but observations using Hubble have shown that
there may be a possible companien lurking just inside the ring,
where the loop appears to back on itself. The galaxy
has a knotty, swirling ring s re, with some areas
appearing much brighter than others. A version of this image
was entered into the Hubble’s Hidden Treasures image
processing competition by contestant Judy Schmidt.
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55,000 light-years in diameter and approximately 60 million light-years away from
Earth. NASA Headquarters - Greatest Images of NASA (NASA-HQ-GRIN)

http://nix.larc.nasa.gov/info:jsessionid=1sl2so06lcOmab?id=GPN-2000-

NGC 4414, a typical spiral galaxy in the constell

000933&orqid=12



http://nix.larc.nasa.gov/info;jsessionid=1sl2so6lc9mab?id=GPN-2000-000933&orgid=12
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Difference: 1997-1995

NASA and A. Riess (STScl) ¢ STScl-PRC01-09

Distant Supernova in the Hubble Deep Field HST « WFPC2
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Papillon Nebula
Detail

N159 in the Large Magellanic Cloud
Hubble Space Telescope * WFPC2

PRC99-23 « STScl OPO « M. Heydari-Malayeri (Observatoire de Paris) and NASA
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Visible light image obtained by the Earth-orbiting Hubble Space Telescope superposed
with a radio imag*ken by the Very®arge Array (VLA of radictelescopes in New

Mexico, USA

NASA, ESA, S. Baum and C. O'Dea (RIT), R. Perley andW Cotton (NRAO/AUI/NSF)
and the Hubble Heritage Team (STSC/AURA) - -

http://www.spacetelescope.org/images/opol247al/ . ; \ 7 X

P . - - K



http://commons.wikimedia.org/wiki/Earth
http://commons.wikimedia.org/wiki/Hubble_Space_Telescope
http://commons.wikimedia.org/wiki/Category:Very_Large_Array
http://www.spacetelescope.org/images/opo1247a/

Makpivé OMAVOGS
YOAQGIWV

”,

-
-

Ground + X-ray

Distant Galaxy Cluster MS1054-0321
Hubble Space Telescope * Wide Field Planetary Camera 2

PRC98-26 » August 19, 1998 » STScl OPO « M. Donahue (STScl) and NASA







Gas Disk in Nucleus of
Active Galaxy M87

Hubble Space Telescope
Wide Field Planetary Camera 2
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Quasars
TO TEPATA TOU
OUMTTOVTOG;

Quasar PKS 2349 HST - WFPC2

ST Scl OPO - January 1995 - J. Bahcall (Princeton), NASA
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Quasars
Ta TEPATA TOU
oUMTTAVTOG;

Quasar Host Galaxies HST « WFPC2

PRC96-35a * ST Scl OPO « November 19, 1996
J. Bahcall (Institute for Advanced Study), M. Disney (University of Wales) and NASA




Material credited to-STScl on
this site was created, authored,
and/or prepared for NASA.
under-Contract NAS5-26555.
Unless otherwise specifically
stated, no claim to copyright i IS
being asserted by STScl and it
may be freely used as in the
public domain in accordance
with NASA's contract.

https://commons.wikimedia.org/wiki/File:Gravitat
- ional_lens-full.jpg .




A Horseshoe Einstein Ring from Hubble, ESA/Hubble & NASA

What's large and blue and can wrap itself around an entire galaxy? A gravitational lens mirage. Pictured aboye, the gravity of a luminous
red galaxy (LRG) has gravitationally distorted the light from a much more distant blue galaxy. More typically, such light bending results in
two discernible images of the distant galaxy, but here the lens alignment is so precise that the background galaxy is distorted into a
horseshoe -- a nearly complete ring. Since such a lensing effect was generally predicted in some detail by Albert Einstein over 70 years
ago, rings like this are now known as Einstein Rings. Although LRG 3-757 was discovered in 2007 in data from the Sloan Digital Sky
Survey (SDSS), the image shown above'is a follow-up observation taken with the Hubble Space Telescope's Wide Field Camera 3.

Strong gravitational lenses like LRG 3-757 are more than oddities -- their multiple properties allow astronomers to determine the mass
and dark matter content of the foreground galaxy lenses. (citation from APOD)



http://www.esa.int/
http://www.spacetelescope.org/
http://www.nasa.gov/
http://apod.nasa.gov/apod/ap111221.html

Ground « CTHO
April 28, 1996
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_ HST « WFPC2

Ground « CTHO
November 1 5» 1996
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Microlens Event MACHO-96-BLG-5
Hubble Space Telescope « WFPC2

NASA and D. Bennett (University of Notre Dame) « STScl-PRC00-03
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0.1-2.4 keV
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EGRET All-Sky Gamma-Ray Survey Above 100 MeV
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“Large Scale Structure in the Local Universe: The 2MASS Galaxy Catalog", Jarrett, T.H. 2004, PASA, 21, 396

Author IPAC/Caltech, by Thomas Jarrett

Panoramic view of the entire near-infrared sky reveals the distribution of galaxies beyond the Milky Way. The image is derived from the 2MASS
Extended Source Catalog (XSC)—more than 1.5 million galaxies, and the Point Source Catalog (PSC)--nearly 0.5 billion Milky Way stars. The galaxies
are color coded by redshift (numbers in parentheses) obtained from the UGC, CfA, Tully NBGC, LCRS, 2dF, 6dFGS, and SDSS surveys (and from
various observations compiled by the NASA Extragalactic Database), or photo-metrically deduced from the K band (2.2 um). Blue/purple are the nearest
sources (z < 0.01); green are at moderate distances (0.01 < z < 0.04) and red are the most distant sources that 2MASS resolves (0.04 <z < 0.1). The
map is projected with an equal area Aitoff in the Galactic system (Milky Way at center).



https://en.wikipedia.org/wiki/Infrared_Processing_and_Analysis_Center
http://spider.ipac.caltech.edu/staff/jarrett/papers/LSS/
https://en.wikipedia.org/wiki/Milky_Way
https://en.wikipedia.org/wiki/2MASS
https://en.wikipedia.org/wiki/redshift
https://en.wikipedia.org/wiki/Uppsala_General_Catalogue
https://en.wikipedia.org/wiki/Harvard-Smithsonian_Center_for_Astrophysics
https://en.wikipedia.org/wiki/2dF_Galaxy_Redshift_Survey
https://en.wikipedia.org/wiki/Sloan_Digital_Sky_Survey
https://en.wikipedia.org/wiki/NASA/IPAC_Extragalactic_Database
https://en.wikipedia.org/wiki/K_band#Infrared_astronomy_K_band
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Taxurnta repioTpoPns IaAagia
N KAOUTTUAN A €ival n avageVOPEVN TAOXUTNTA TTEPICTPOPNAG YIA YaAagia Je
Bdon Ta opatd ACTPO KAl N KAMTTUAN B gival n Traparnpoupevn
H diapopd odnyei oto oupTrépacpa Ot oTov YaAagia utrdpxel UAN 1Tou dev
TNV BAETTOUNE, AAAG TNV AVvTIAGUBAVOUAOTE ATTO TA ATTOTEAECUATA TTOU EXEI
OTNV TTAPATNPOUMEVN TAXUTNTA TTEPICTPOPNG (oxAHa atrd wikipedia)

Distance




. .* R (x 10001y)

Rotation curve of the typical spiral galaxy M 33 €pyo Tngk. Stefania.deluca

(yellow and blue points with errorbars) and the predicted one from distribution of the visible matter (white line). The discrepancy
between the two curves is accounted for by adding a dark matter halo surrounding the galaxy,
http://en.wikipedia.org/wiki/Galaxy_rotation_curve#cite_note-1

Jog, C. J., 2002, “Large-scale asymmetry of rotation curves in lopsided spiral galaxies”, A&A, 391,471.

BAETTE TO 1I0TOPIKO APOpPO:
http://ads.nao.ac.jp/cgi-bin/nph-iarticle_query?1939LicOB..19...41B&data_type=PDF_HIGH&whole_paper=YES&type=PRINTER&filetype=.pdf



https://commons.wikimedia.org/w/index.php?title=User:Stefania.deluca&action=edit&redlink=1

This is a photo of an active galaxy that was observed with ISAAC during the programme being carried out. It shows
the central areas of NGC 1808 (H-band). The bar-like structure and the luminous centre where the Black Hole is
located is visible. The distance to this galaxy is approximately 35 million light-years; the local scale is indicated in the
photo. Credit:ESO

H eixéva Tou yaAagia NGC 1808 amd tnv Opdda CGS
+Luis C. Ho (PI; KIAA and Carnegie Observatories)

*Aaron J. Barth (UC Irvine)

*Song Huang (Nanjing University, Carnegie Observatories)
*Zhao-Yu Li (Shanghai Astronomical Observatory)

*Chien Y. Peng (GMTO, Carnegie Observatories)
http://cgs.obs.carnegiescience.edu/CGS/Home.html

ddaoua evog yalagia ue auyxpovn HEBodO pacpaTtooKoTTiag. H olypogidngc Kauwn Twv YPANHUWY TOU

QPACPATOG OQEIAETAI OTNV TTEPICTPOPN TWV ACTPWYV YUPW ATTO TO KEVTPO TOU YaAagia

This image is a reproduction of a long-slit ISAAC spectrum of the central region of the active galaxy NGC 1808. It is in the 2.3 ym spectral region
and the wavelength increases towards right. Several strong, vertical bands are seen; they are caused by CO-molecules in the atmospheres of
the stars in this area. The bright band at the centre corresponds to the nucleus of the galaxy within which the central black hole is located. The
characteristic S-shape is a result of the rotation of the stars around this centre, due to the Doppler effect.

Technical information: this image shows a raw, long-slit IR-spectrum in the 2.3 um wavelength region, obtained with ISAAC along the major axis
of this galaxy.

Credit: ESO
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In this chart, the measured velocities (ordinate) of the stars near the centre of NGC 1808 are plotted at
different distances from the nucleus (abscissa). The right half shows the corresponding curve after
“removal" of the effect from the rotation — the remaining spread is a direct measure of the "velocity
dispersion" and the individual stellar motions. As can be clearly seen, the width of the "band" decreases
towards the centre, indicating the presence of a "dynamically cool" central stellar system.
Credit: ESO
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Dark matter is
Invisible. Based
on the effect

of gravitational
lensing, a ring
of dark

matter has been
detected in this
image of a
galaxy cluster
(CLO024+17)
and is
represented in
blue.
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NASA, ESA, E. Jullo (JPL/LAM),
P. Natarajan (Yale) and J-P.
Kneib (LAM). -

www.spacetelescope.org/images/heic1014a/

This image shows the galaxy
cluster Abell 1689, with the mass
distribution of the dark matter in
the gravitational lens overlaid (in
purple). The mass in this lens is
made up partly of normal
(baryonic) matter and partly of
dark matter. Distorted galaxies
are clearly visible around the
edges of the gravitational lens.
The appearance of these
distorted galaxies depends on the
distribution of matter in the lens
and on the relative geometry of
the lens and the distant galaxies,
as well as on the effect of dark
energy on the geometry of the
Universe.







AvtinauPavopaote 0Tt
TIPETTEL VA VITAPYEL
OKOTELVT] VAN OTO CULITTAV
QUITO TIC ETTOPACELC TTOV
£XEL OTIC KIVI|OEIC
OVPAVI®V OWUATWYV
7.X. lleprotpopn
A0TPWV YUP® QIO TO
KkevTpo kabe yaralla n
KATAVOUT YOAAELWV O€
EVA OUTVOC

1] CUVOAILKT)

uada-evepyeia Tov
OVUITAVTOC (PAlVETAL
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Peebles, P. J. E. and Ratra, Bharat (2003). «The cosmological
constant and dark energy». Reviews of Modern Physics 75 (2): 559—
606. : .


https://el.wikipedia.org/wiki/Digital_object_identifier
http://dx.doi.org/10.1103/RevModPhys.75.559
https://el.wikipedia.org/wiki/Bibcode
http://adsabs.harvard.edu/abs/2003RvMP...75..559P

Universe too young

not seen nearby

not seen nearby

not seen nearby




Weakly Interacting
Massive Pariicles (WIMPS)

COSMIC SITINgs

—p modified gravity

a<<a,

little to no evidence
of their existence

little to no evidence
of their existence

little to no evidence
of their existence




Image of a MACHO
(NASA/ESA HST + WFPC 2)

Irope
and MACHO Projc

MASssive Compact Halo
Objects

(MACHOs)

first image of a Dark Matter object - a
MACHO (a massive compact object). It
IS the red object that is indicated with an
arrow and very near to the upper left (at 2
o'clock) of a blue background star.

This MACHO is a nearby red dwarf star
that gravitationally focused light from the
blue background star in another galaxy in
a so-called microlensing event.

Since the event six years ago, the
MACHO has moved 0.134 arcseconds on
the sky and can now be clearly separated
in the Hubble image.
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H Meyain 'Expnén Bewpia mov Bewpetott
TO CUUITAV ONJUIOVPYTONKE ATTO VITEPITUKVT KAl LITEPOEPUN
KATAOTOON, TPV 13,7 O10EKATOUUVPLA £TT).

Ale€en Dpiviuav, 1922
ABBac Georges Lemaitre, 1927.
Ed. Hubble, 1929

A100TOAT] ZUUTTAVTOC (PATVOUEVO TNC UETATOIIOTE TTPOC TO
epvOPO, TTOV EPUNVEVETAL WS OIACTOAT] TOV CUUITAVTOC

AxTIvOPOA LIKPOKV ATV, VITOAEIUHA TNG LEYAANG
EKPNENG,



O mpwtaywviotee e Meyaince Expnéncg

O

o Ale€én Opivruav, 1922

* APBPag Georges Lemaitre, 1927. -

» Ed. Hubble, 1929
]




Lemaitre, G. (1927). "Un univers homogene de masse constante et de
rayon croissant rendant compte de la vitesse radiale des nébuleuses
extragalactiques". Annals of the Scientific Society of Brussels 47A: 41.

Lemaitre, G. (1931). "A Homogeneous universe of Constant Mass and
Growing Radius Accounting for the Radial Velocity of Extragalactic
Nebulae". Monthly Notices of the Royal Astronomical Society 91:
483—490.

Edwin P. Hubble, "A relation between distance and radial velocity
among extra-galactic nebulae’, Proceedings of the National Academy
of Sciences, vol. 15, n° 3, 1929, p. 168-173



http://en.wikipedia.org/w/index.php?title=Annals_of_the_Scientific_Society_of_Brussels&action=edit&redlink=1
http://en.wikipedia.org/wiki/Monthly_Notices_of_the_Royal_Astronomical_Society
http://fr.wikipedia.org/wiki/Proceedings_of_the_National_Academy_of_Sciences

10 1910

o Vesto Slipher

KAl apyoTepa

o Carl Wilhelm Wirtz
a1TodId0UV TNV
LUETATOTTION OTO £PUBPO

UE Baan TO PAIVOUEVO
Doppler o1 opeiAeTal OE
QATTOPAKPUVAN TWV
vepeEAwUaTwy, TTou OEV
1CEPAV OKOMPN OTI Eival







O@ewPOUNE OTI TO ZUPTTAV EiVAI OJOYEVEC KAl
|I0OTPOTTO.

O Einstein 101915 yia va @TIA&El Eva OTATIKO
guUTTaV, OTTWC TTIOTEUAV TOTE OTI €ival TO
guUUTTAV EI0AYEI TNV KOOHOAOYIKN OTxbepa, A,
WAOTE VO OUYKPATEITAI TO CUUTTAV.

OTaVv avakaAu@BOnke n dIA0TOAN TOU TUUTTAVTOG
o Einstein diaypagel 10 A.

gUUTTAVTOG



O mpwtaywvioteg e Meyaince Expnéng

O1 Penzias ka1 Wilson otnyv
kepaia tov Holmdel mov
KATEYPAPAV TOV ATTONYO TNG

HEYAANG £xpnéENG

BifAloypagpia

BA. Wilson, R. W.; Penzias, A.
A. (1967). "Isotropy of Cosmic
Background Radiation at
4080 Megahertz".

[TeproSiko Science 156
(3778): 1100—1101

Pakte emiong
www.bbc.co.uk/science/spac
e/universe/scientists/




, NOBEL PRICE (3K MICRC
i A f/ BANG) £
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INTERNATIONAL YEAR OF ASTRONOMY

OR. R.W. WILS




Ti gival n peydAn ékpnén;

gival gia Oswpia cUPEWVA PE TNV OTTOIA TO ZUMTTAV TTPOEPXETAI
EVO ONMEIO Kal aT1Td TOTE TTOU ONUIoupyNONKe d1aoTEAAETAI KO
WUXETAI.

n Bswpia epuNVeUEl TTOAAEG TTOPATNPAOCEIG TOU CUHTTAVTOG, GAAQ
OXI OAEG.

MapatnpoUue Ta @ACHATA TWV YAAASIWYV TTOU TTOpOoUCIalouVv
METATOTTION TWV YPOAMMWY TTPOG TO EPUBPOS Kal JE Baon TO
@aivopevo Doppler eKTIMOUME OTI ATTONAKPUVOVTAI AAARAWV

Kol OTI ETITTAEOV £XEl TTAPATNPENOEI HIa AKTIVOBOAIa o€
MIKPOKUMOTO TTOU UTTOPEI VO EPUNVEUBET OTI gival UTTOAEINpA TNG

MEYAANG £KpNIng.

H XnHIKn cucToon Tou ouptravrog (H, He, L) CUMTTITITEL JE TIG
IMPOPBAEWEIG TH G BEWPING




Eival n yeyaAn €ékpnén pia
TTPAYHATIKN €KPNEN;

Aoc@AaAWG OeV CEPOUME OKOMN TI EYIVE OKPIRWG.

To d1IAoTNMA N O XWPOG DNMUIOUPYNONKE ME TNV
«MeyaAn ‘Ekpnén»

H peydaAn ‘Ekpnén oev gival EKpnén.

Agv TTPOKEITAI VIO HIA €KPNEN BopPBacg yia




TI UTTAPXE TTPIV TN MEYAAN £KPNEN;
T1 EyIVE KATA TN MEYAAN €KPNEN;

Agv ¢Epoupe akoun!

[Na va S1aTUTTWOOUE TIG EPWTAOCEIS KAl TIG ATTAVTAOEIG
XPEIACETAI VO AVATITUSOUME TN Bewpia TNG KBAVTIKAG
BaputnTag, SnAadn va ocuvOudooulEe TN KBavTIKA Oswpia
ME TN Bewpia TNG BapUTNTAG YIA VO KATAVONOOUME TO
TPORBANMA KAl META VO TO AUCOOUJE.




[ToU £yIve N HEYAAN £KPNEN;

«Mavtou»!

AEV UTTAPXEI KEVTPO TOU 2ZUUTTAVTOC




Ti rpoBAETTEI N Bewpia TNG HEYAANG £€KPNENG YIA TRV UAN TTOU Eival
@TIOYMEVO TO ZUMTTAV;

n Oswpia TNG HEYAANG £€KPNENG TTPORAETTEI TNV BEPppOKpACTIa KAl TV
TTUKVOTNTAG TNG UANG TTOU €ival @TIAYMEVO TO ZUMTTAV YIO KAOE XPOVIKA
OTIYMN).

AAAeg Oewpieg cupBaAAouv oTnv TTPORAEYN TNG XNMIKAS OUOCTAONG
TOU ZUUTTAVTOG.

Ta eAa@pd oToIXEia £yIVa NE OEPUOTTUPNVIKEG AVTIOPACEIS OTAV TO
2UuTTaV ATAV VEAPO KOl KAUTO




Eival evOeXoueEvo va gival
AavBaouEvn n Bewpia TG NEYAANG
EKPNENG;

Eival mi0avo n Bswpia TG pEYAANG £KpnEnNg va gival AavlaouEvn).

Eivan BEBalo 611 kATTOI01 ATTO £€0GG Ba TN BeEATIWOOUY 1) O TV
ATTOPPIYOUV.

OAgg o1 Bewpieg aAAalouv, BeATIWVOVTAI 1) ATTOPPITITOVTAI.
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www.physics4u.gr/articles/2007/Big Bang theory.html

Katdotaon

To ocOpmay TePva amd pro VIEPTAYVTATI OLO.GTOAN
(TAn0®propd), otV 07T0l0 ETEKTELVETUL OT0 TO pEYE00g
€VOC 0TOUOV GE GVTO EVOS TOPTOKAALOV, GE MIKPO KAGGL
TOV OEVTEPOLEMTOV

MeTa-mAn0mpLeTIKN £T0Y1] TOL GUUTHVTOS, GTIV 0TTOLA O
Koopog amotereitaol om0 pio Topaynév, Kovti 6ovma
NAEKTPOVIMV, KOVAPK KUl AALMOV CONUTLOLMV

M tayvtnTae yoin tov Koopov emtpénel 6ta KOvdpk
VO GUYKEVTPOOOUY Y10 TAVTO HEGH 6TA TPMOTOVLO KL



http://www.physics4u.gr/articles/2007/Big_Bang_theory.html
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www.physics4u.gr/articles/2007/Big_Bang_theory.html
To cvumayv givol KON TOAD KOVTO Y10, VO
GYNMUATIGTOVV T ATONT, TO TPOTOVIY KOl T
NAEKTPOVIO. EUTOOICOVY TO QOGS Vo Aapwyet To
ocVUTOY £ival po VaEPBepun optyAn.

Ta nAekTpovia TITELOVS UTOPOVV VO GLVOEDOVV
LLE TOL TPWOTOVLL KOl TO VETPOVIO PTIAYVOVTOC TO!
dtopa. To o€ pm¢ umopel TEAMKA vou AQLYEL.

H Bapvtnrae avaykdalel To a€épro Tov vopoyovov
KO A0V VO GYNUATICOVY TEPAGTLY, VEPT TOV
Oa yivouv yoraleg, EVEO TO LIKPOTEPO TUNNATO
VEPOVGS YIVOVTUL TO TPOTO AGTP.

QALY KAT® 0Tt TNV



http://www.physics4u.gr/articles/2007/Big_Bang_theory.html

h/2mr=hbar = ML4/T
c=L/T

G = duvaun x atréoTaon/Hadas =
(ML/T?2) L2/MZ2 = L3/MT?

Kol Aapfavoupe

| = (hbar G/c3)12

[hG
|EF — -\Ill'l - :

~ 1.61624(12) x 10~ 35




History of the Universe
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n Koouikn AktivofoAia MIKpOKUMATWY

N TTPoBAe@Beica atrd Toug KOOUOAOYouGg KOOMIKN
AKTIVOBoAia MikpokupaTtwy TTaparneriénkav Tuxaia To
1965 a1TO TOUG PUOIKOUC TWV gpyacTnpiwyv Bell Arno
Penzias kai Robert Wilson.

O Robert Dicke éwaxve yia Tnv akTivoBoAia Tng

MeyaAnc ‘Ekpnéncg. O Dicke trpdTeive 0TI TO 20UTTAV
TTPoNABe atrd Eva TTponyouuEVO CUPTTAV KOl N
Oeppokpaacia TTou xpeldleTal nTav dICEKATOUMUPIA
BaBuoi.

O Dicke uttoAOyIo€E OTI N KOOMIKA AKTIVOBOAIQ
uttoaBpou 1nNg MeyaAng ‘Ekpnéng éxel paocua 3




O George Gamow BeATIWVEI TNV
Oewpia Tou Lemaitre, pye paon TNV
KBaVTIKN Bewpia ye Eva apxIko
TTUPNVA TTOU TTEPIEIXE VETPOVIA,
TTPWTOVIA KAl NAEKTPOVIA PJE APXIKN
Oepuokpacia Eva OICEKATOUMUPIO
Kelvin kal uttoAdylioe OTI o€ nNAIKia
TTEVTE AETTTWYV TO CUUTTAV KABWGS
WYuxoTtav oTauaTouVv va
aAANAETTIOPOUV Ta cwuarTidla dev Ba

apxifouv va agxnuariovTal Ta ATolA.
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n Koouikr AktivooAia MikpokKupdaTwy

ApyoTtepa o Jim Peebles mTpoTeive 0TI 61OV N
Oeppokpacia katéBnke otoug 3000° Kelvin
oxnuaTiobnkav TTpwrtovia

Kal TTUPNVEG NAiou aTTo TO UOPOYOVO,

H 75%, He 25%, idia hye TRV apXIKf XNMIKN
ouoTaon OAWV TWV AOTPWYV TTPWTNG YEVEAG

oTav n Beppokpaacia £yive ~3000° K Tto
oupuTtrayv dloykwonke 1000 popEg

Kall N OEpLOKPOGIa ETTECE OTOUG ~ 10° K,
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The COBE (Cosmic Background Explorer) satellite made very careful

measurements of the shape of the spectrum of this emission. It is a perfect
pblackbody at a temperature of 2.728K; it is often termed the "3K background".
(From R. McCray, http://cosmos.colorado.edu/astr1120/lessonl12.html

)
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Intensity [MJy/st]
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CosMmiC MICROWAVE BACKGROUND SPECTRUM FROM COBE

THEORY AND OBSERVATION AGREE
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Credit: NASA
Observers: WMAP Sculmce Team-




COBE WMAP Planck
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H BeATiwon Twv PETPACEWY TNG HIKPOKUUATIKAG aKTIVOBOAIAG UTTORABpOU eTITPETTEI KOAUTEPN MEAETN TOU GUPTTIAVTOG

This graphic illustrates the evolution of satellites designed to measure ancient light leftover from the big bang that created our universe
13.8 billion years ago. Called the cosmic microwave background, this light reveals secrets of the universe's origins, fate, ingredients and
more. The three panels show 10-square-degree patches of all-sky maps created by space-based missions capable of detecting the
cosmic microwave background. The first spacecraft, launched in 1989, is NASA's Cosmic Background Explorer, or COBE (left panel).
Two of COBE's principal scientists earned the Nobel Prize in Physics in 2006 for the mission's evidence supporting the big bang theory,
and for its demonstration that tiny variations in the ancient light reveal information about the state of the universe. These variations,
called anistotropies, came into sharper focus with NASA's next-generation spacecraft, the Wilkinson Microwave Anisotropy Probe, or
WMAP (middle panel). This mission, launched in 2001, found strong evidence for inflation, the very early epoch in our universe when it
expanded dramatically in size, and measured basic traits of our universe better than ever before. The most advanced satellite yet of this
type is Planck, a European Space Agency mission with significant NASA contributions. Planck, launched in 2009, images the sky with
more than 2.5 times greater resolution than WMAP, revealing patterns in the ancient cosmic light as small as one-twelfth of a degree on
the sky. Planck has created the sharpest all-sky map ever made of the universe's cosmic microwave background, precisely fine-tuning
what we know about the universe. Planck is a European Space Agency mission, with significant participation from NASA. NASA's
Planck Project Office is based at NASA's Jet Propulsion Laboratory, Pasadena, Calif. JPL contributed mission-enabling technology for
both of Planck's science instruments. European, Canadian and U.S. Planck scientists work together to analyze the Planck data. More
information is online at http://www.nasa.gov/planck,http://planck.caltech.edu and http://www.esa.int/planck.



http://www.nasa.gov/planck
http://planck.caltech.edu/
http://www.esa.int/planck
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The power spectrum of the cosmic microwave background radiation temperature anisotropy in terms of the angular scale

(or multipole moment). The data shown comes from the WMAP (2006), Acbar (2004) Boomerang (2005), CBI(2004),

and VSA (2004) instruments. Also shown is a theoretical model (solid line). WMAP 3-year Power spectrum of CMB compared to
recent measurements of BOOMERanG , CBI, VSAand ACBAR. See Fig. 18 of Hinshaw et al. (2006).



http://en.wikipedia.org/wiki/Multipole_moment
http://en.wikipedia.org/wiki/WMAP
http://en.wikipedia.org/wiki/Arcminute_Cosmology_Bolometer_Array_Receiver
http://en.wikipedia.org/wiki/BOOMERanG_experiment
http://en.wikipedia.org/wiki/Cosmic_Background_Imager
http://en.wikipedia.org/wiki/Very_Small_Array
http://en.wikipedia.org/wiki/Cosmic_microwave_background_radiation
http://en.wikipedia.org/wiki/BOOMERanG_experiment
http://en.wikipedia.org/wiki/Cosmic_Background_Imager
http://en.wikipedia.org/wiki/Very_Small_Array
http://en.wikipedia.org/wiki/ACBAR
http://www.arxiv.org/pdf/astro-ph/0603451

2

(Temperature Fluctuation)

| ”100 | - Ill(}{}(}
Spherical Harmonic on Sky

—
o




AVOIKTO N KAEIOCTO CUMTTOV
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H YEWMUETPIA TOU CUMTTAVTOG
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Recessional velocitles of galaxies —»

AVOIKTO N KAEIOCTO CUMTTOV




[TOAU paKpIvol YOAQCIEC

Teooeperg mapa oAV pakpivol yaraéleg
LLE LITEPKATVOPAVELC TTOV ETNMETPEPAV VA
LETPT)OOVUE KAAVTEPA TIC TTOAV UEYAAEC
QITOOTACELC OTO GUUTTAV
POTOYPAPTONKAV TPV KAl UETA TNV
EKPNEN TOV LITEPKATVOPAVOVC

NASA's Hubble Space Telescope, reveal five supernovae, or exploding

stars, and their host galaxies.
http://hubblesite.org/newscenter/archive/releases/2006/52/image/a/



Current observational constraints on the cosmic
density of all matter including dark matter (Qm) and the
dark energy (QA) relative to the density of a critical-
density Universe (i.e., an expanding Universe which
approaches zero expansion asymptotically after an
infinite time and has a flat geometry). All three
observational tests by means of supernovae (green),
the cosmic microwave background (blue) and galaxy
clusters converge at a Universe around Qm ~ 0.3 and
QA ~ 0.7. The dark red region for the galaxy cluster
determination corresponds to 95% certainty (2-sigma
statistical deviation) when assuming good knowledge
of all other cosmological parameters, and the light red
region assumes a minimum knowledge. For the
supernovae and WMAP results, the inner and outer
regions corespond to 68% (1-sigma) and 95%
certainty, respectively. References: Schuecker et al.
2003, A&A, 398, 867 (REFLEX); Tonry et al. 2003, ApJ,
594, 1 (supernovae); Riess et al. 2004, ApJ, 607, 665
(supernovae)

Credit: ESO

1.4/

1.2

“onry et al.
2003

* Riess et al.

































Hubble Ultra-Deep
Field (HUDF) image
(full range of ultraviolet

B to near-infrared light)

includes some of the
most distant galaxies
to have been imaged
by an optical
| telescope, existing
shortly after the Big
Bang (June 2014).
(This photo has the
same field of view as
the 2012 DF, but NASA
reverted to the older
moniker of HUDF with
the photo's release.)
NASA, ESA, H. Teplitz
| and M. Rafelski
(IPAC/Caltech), A.
Koekemoer (STScl),
R. Windhorst (Arizona
State University), and
Z. Levay (STScl)



https://en.wikipedia.org/wiki/Ultraviolet
https://en.wikipedia.org/wiki/Near-infrared
https://en.wikipedia.org/wiki/Galaxies
https://en.wikipedia.org/wiki/Optical_telescope
https://en.wikipedia.org/wiki/Big_Bang
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NASA and the
European Space
Agency.
http://hubblesite.org/n
ewscenter/archive/rele

ases/2004/07/image/a/
8 warn/



http://hubblesite.org/newscenter/archive/releases/2004/07/image/a/warn/

28.10.2012 01.11.2012 05.11.2012 10.11.2012 14.11.2012

18.11.2012 22.11.2012 05.12.2012 01.01.2013 17.01.2013

2.EIPA PUTOYPAPIWV EVOG UTTEPKAIVOPAVOUC TTOU ETTITPETTEI VA
TTPOCOIOPICOUME TNV ATTOOTACH £VOC yaAacia

Video:

Video:

Contacts Alain Klotz Institut de Recherche en Astrophysique et Planetologie Toulouse, France Tel: +33 05 61 55 66 66
Email:

Richard Hook, ESO, La Silla, Paranal, E-ELT & Survey Telescopes Press Officer Garching bei Miinchen, Germany
Email:

guxapioTieg: ESO/IRAP-CNRS-UPS/A.Klotz



http://www.eso.org/public/videos/potw1323a/
http://www.eso.org/public/videos/potw1323b/
mailto:alain.klotz@irap.omp.eu
mailto:rhook@eso.org
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KoopoAoyia oUpTTOv OpOYEVEC Kal IGOTPOTTO

The APM survey of thousands of galaxies showing their large-scale angular
distribution on the sky
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J1 _ a Probable Absorber

o1 Definite Absorber

o wedge for 6 = 32.501 5.0°

Large-scale cosmological structure, consisting of filaments of galaxies
surrounding voids, is seen in the CfA2 redshift survey (Huchra 1999). This
““pie-diagram" shows the distribution in recession velocity and right ascension
of bright galaxies and four Ly absorbers found by HST/GHRS toward Mrk
501 and Mrk 421 (Penton, Stocke, & Shull 1999). Evidently, the voids are not
entirely empty: two Ly clouds lie in voids, with the nearest bright galaxies

more than 4 Mpc away



OUMTTOV OMOVYEVEG KOl ICOTPOTTO;

2dFGRS data

NepLoxeg Tou 64
Tou HeAeTABNKay T
ZUYKPIVETE pE T QMOHEVE-OXAHOT




Pisces—Cetus

Sloan Great Wall

Katavoun
MOKPIVWYV
YOAQSIWYV
e




Three-dimensional DTFE
reconstruction of the inner parts of the
2dF Galaxy Redshift Survey.

The figure reveals an impressive view
on the cosmic structures in the nearby
universe. Several superclusters stand
out, such as the Sloan Great Wall, once
known as the largest structure in the
universe until discovery of the Huge-
LQG in January 2013.

This picture was featured on 7 November 2007 on
Astronomy Picture of the Day (APOD).

Date 7 November 2007

Source http://en.wikipedia.org/wiki/Sloan Gr
eat Wall

Author Willem Schaap



https://commons.wikimedia.org/w/index.php?title=Dtfe&action=edit&redlink=1
https://commons.wikimedia.org/w/index.php?title=2dF_Galaxy_Redshift_Survey&action=edit&redlink=1
https://commons.wikimedia.org/w/index.php?title=Superclusters&action=edit&redlink=1
https://en.wikipedia.org/wiki/en:Huge-LQG
http://apod.nasa.gov/apod/ap071107.html
http://en.wikipedia.org/wiki/Sloan_Great_Wall

OUMTTOV OMOYEVEG KOI ICOTPOTTO

http://apod.nasa.gov/apod/image/0109/galaxies 2dFGRS _big.qgif




OUMTTOV OMOYEVEG KOl ICOTPOTTO

2dF Galaxy Redshift Survey

4° slice
63361 galaxies







North

11283 galaxies

South

12434 galaxies

¢z (1000 km/s)




The 2dF Quasar Redshift Survey
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Ta kBadap cival TTOAU TTaAQIG AOTPOVOUIKA QVTIKEIMEVA KAl N KATAVOWT) TOUG Bivel TTANPOQOPIES YIA TO TTPWTAPXIKO CUUTTAV.
The distribution of all quasars found in the 2dF QSO Redshift Survey at the Anglo-Australian Telescope. We are located at the centre of the plot, with
quasars at increasingly large distances moving away from the centre. Even amongst all these quasars, only a handful had nearby bright stars so that
adaptive optics could be used. The quasars imaged by Gemini are circled in blue and are typically about 12 billion light years away.
http://www.gemini.edu/project/announcements/press/2004-11.html#media

EuxapioTtieg atov kaBnyntr K. Tom Shanks, University of Durham kai Tnv opdda Gemini




[Tapotnpnon TV VTOAEWUATOV TNS UEYAANC EKpNENG 0o TO
Arnotnuomioio COBE/NASA




-

[Tapoatnpnon tov Unoksmuéw NG LEYAANG EkpNENG Ao TO
Arnomnuomioro WMAP/NASA

NASA / WMAP Science Team
http:



http://map.gsfc.nasa.gov/media/121238/ilc_9yr_moll4096.png

COBE Planck

2.UYKpIon TNG DIAKPITIKAG IKAVOTNTAG TWV TPIWV dIACTNMIKWY OTTOCTOAWY TTOU
METPAVE TO UTTORABPO TNG MIKPOKUMATIKAG akTIivoPoAiag Tng MeydAng
‘Ekpnénc COBE, WMAP kai Planck

NASA/JPL-Caltech/ESA - http://photojournal.jpl.nasa.gov/catalog/PIA16874



https://en.wikipedia.org/wiki/Cosmic_Background_Explorer
https://en.wikipedia.org/wiki/WMAP
https://en.wikipedia.org/wiki/Planck_(spacecraft)
http://photojournal.jpl.nasa.gov/catalog/PIA16874

Katavoun HaKpIvwy quasar Trou £XoUV TTPO0aVATOAIOHEVOUG TOUG ASOVEG TTEPIOTPOPNG TOUG HE TTaPAdogo
TPOTTO (OXNMATIKN TTapdoTacT a1Té KAAAITEXVN)
Artist’'s impression of mysterious alignment of quasar rotation axes
http://www.eso.org/public/news/es01438/




AVVAUELC OTOXVUTTAV




Grand Unified Theories (GUTS)
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Eikova Tou K. Raidr, wikipedia
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O1 duvdapelg Kal o1 POPEIS TOUG

Force Carriers
|

Gluons W & Z bosons Photons Gravitons

Strong Weak Electromagnetism Gravity

Quantum Quantum Quantum

Chromodynamics Electrodynamics Gravity
|

Electroweak Theory

|
Grand Unified Theory

|
Theory of Everything

Mépog oxriuartog atro wikipedia
https://en.wikipedia.org/wiki/Fundamental_interaction#/media/File:Particle_overview.svg
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National Science Foundation (NASA, JPL, Keck Foundation, Moore Foundation, related) - Funded BICEP2 Program
http://bicepkeck.org/fag.html



http://bicepkeck.org/faq.html

2 XNMATIKN €€EAIEN yYaAACIwV OTO CUUTIAV

[MpooéceTe TTWG AAANACEl N ATTOOTACN TWV TPIWV YOAACIWY TTOU €ival OTIC
KOPUPEG TOU TPIYWVOU




t1 t2 t3

2XNUATIKN €CEAICN YAAQSIWY OTO GUUTTAV

Mpoaégete TTWG aAAGlel n atréaTaan Twv yaAagiwy Tou gival atnv
ewTtoypagia Tou Hubble Space Telescope NASA/ESA/HSTC

ouvBeon atrd 1o d1IdAoKovVTa




€CEAICN YOAASIWYV

Today
4 billion years

41 billion years
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NASA, ESA, M. Kornmesser - http://www.spacetelescope.org/images/heic1315a/

This image shows "slices" of the Universe at different times throughout its history (present
day, and at 4 and 11 billion years ago). Each slice goes further back in time, showing how
galaxies of each type appear. The shape is that of the Hubble tuning fork diagram, which
describes and separates galaxies according to their morphology into spiral (S), elliptical (E),
and lenticular (S0) galaxies. On the left of this diagram are the ellipticals, with lenticulars in
the middle, and the spirals branching out on the right side. The spirals on the bottom branch
have bars cutting through their centres. The present-day Universe shows big, fully formed
and intricate galaxy shapes. As we go further back in time, they become smaller and less
mature, as these galaxies are still in the process of forming. This image is illustrative. the
Hubble images of nearby and distant galaxies used were selected based on their
appearance; their individual distances are only approximate.
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XPOVOGUETA TV peyaAn Ekpnén

[M6o0o pakpId BAETTOUUE PEXPI ONUEPA UE T OUYXPOVA TNAECKOTTIA Kal TTOCO Ba BAETTOUME AUPIO
NASA chart depicting evolution of detecting the early universe, from ground-based space
telescopes to HST and the future JWST.


http://en.wikipedia.org/wiki/HST
http://en.wikipedia.org/wiki/JWST
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o
Lambda-Cold Dark Matter, Accelerated Expansion of the Universe, Big Bang-Inflation.jpg, oxédio Tou K. Alex Mittelmann, Coldcreation
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NMOAAAR
NMOAAATAA
SYMMANTA:

EmoToAr) Tou 'ETTikoupou oTtov ‘HpodoTo:

“ETrikoupog. HpodoTtw xaipelv. ©

... AA\G Vv Kai KOoHoI aTrelpoi eiolv, oi 8' ogolol ToUTw Kai advouolol. ai Te yap
dropol &mreipol oloal, WS GpT ATTedeiXON, PEépovTal Kai TTOPPWTATW. 0 Yap
katavAAwvTal ai Toladtar dropol €€ wv v yévorto KOoPOC i UP' wv Av Troindein,
oUT' €i¢ Eva oUT' ei¢ TTeTTEPATEVOUG, 0UB' 6ool To100TOI 0UB' OT0I B1APOoPOI TOUTOIG.
(WOTE OUBEV TO EUTTODOCTATACOV £0TI TIPOG TV ATTEIPIAV TWV KOTHWV. ...




[TOAAA,
[TOAAATAA | 'ENA
2 YMIAN;

ov Avalipavdpov, OAAnTog £Taipov yevopevov, TO atrelpov (=autd 1Tou dev EEpoupe TI gival) @aval THv TTaocav
aitiav ExeIv Tiig To0 TTAVTOG YEVETEWG TE Kai PBOPAg" £€ ou &1 PNnoI ToUG TE OUPAVOUG ATTOKEKPIoOaI, Kai
KaBOAou ToUG ATTaVTAG ATTEIPOUG OVTOE KOOUOUG.

Avadipavdpog Avagipévng ApxéAaog =evo@dvng Aloyévng AeUkiTrrog Anpokpitog ETrikoupog arreipoug
KOOHOUG €V TM ATTEIPW KATA TTACAV TTEPIAYWYNAV.

AAAG:

OaAig MubBayodpag EptredokAilg "Ek@avrog Mapuevidng MéAiooog HpdkAeitog Avagayopag MAdTwy
ApioToTéANG ZAVWYV EVa TOV KOGHOV

Emiong
Avagipavdpog Avagipévng Avagayopag Apxélaog Aloyévng AeUKITITOg PBaPTOV TOV KOoPOV. TWV dTreipoug

ATTO@NVAPEVWY TOUG KOOHOUG Avagiuavdpog T0 icov auToug armréxelv AAARAwy, Etrikoupog avioov gival 10
METAEU TWV KOOUWYV BidoTna.




String
Brane
D-brane

Toun evog
Calabi—Yau manifold

2XNua Tou K. J. Bourjal
(Jbourjai)

http://en.wikipedia.org/wiki/Image:Calabi-Yau.png



http://en.wikipedia.org/wiki/String_(physics)
http://en.wikipedia.org/wiki/Brane
http://en.wikipedia.org/wiki/D-brane
http://en.wikipedia.org/wiki/Calabi%E2%80%93Yau_manifold
http://en.wikipedia.org/wiki/Image:Calabi-Yau.png
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Original by K1234567890y Vectorisation by Lokal Profil - Vectorisation of Multiverse - level
II.GIF (byK1234567890y), by Lokal Profil. MeTtaTpoTtrj atré 10 diddokovTa



http://commons.wikimedia.org/wiki/User:K1234567890y
http://commons.wikimedia.org/wiki/User:Lokal_Profil
http://commons.wikimedia.org/wiki/File:Multiverse_-_level_II.GIF
http://commons.wikimedia.org/wiki/User:K1234567890y
http://commons.wikimedia.org/wiki/User:Lokal_Profil

Teloc Evotntac



Xpnuoatodotnon

* To mopov ekmaldeuTLKO UALKO EXeL avamtuxBel oto mAaiolo Tou
eKTtaLOEVTIKOU €pyou Tou dtdbdokovta.

* To £pyo «Avoikta Akadnpaika Madnipata oto Naveniotipio ABnvwv»

EXEL XpNUaTodOTACEL LOVOo TNV avadlapopdwaon Tou eKTOLOEUTIKOU
UALKOU.

* To £pyo vAomoleital oto rAaiolo Tou Emyelpnotakol MpoypapaToq
«Ekmaiidevon kot Ata Blou Mabnon» kat cuyxpnuatodoteital amo tnv
Evpwnaikn Evwon (Evpwmaiko Kowvwviko Tapeio) kot oo eBVIKoug

TTOPOUC.
n EMNIXEIPHEIAKO MPOITPAMMA
K M EKMAIAEYZH KAI AIA BIOY MAGHZH =// EZI-IA
: ** EnEVIVON GTNY UOVWYid TNE YVWEN LUV /
L i:ﬂ

YNOYPTEIO MAIAEIAL KAl BPHIKEYMATQN QMAIKO KOINQNIKO TAMEIO

Evpwmnaikr ‘Evwon EIATIKH YNMHPEXIA AIAXEIPIZHEX
Evpwmaiké Koivwviké Tapeio . . TR
Me tn ouyxpnparoddétnon tng EAAadag kat tng Evpwmnaikig Evwong
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2 NUELWLOTOL



>NUElwpa lotoplkovu Ekbooewv Epyou

To mapov €pyo amoteAei tnv €kdoon 1.0.0.

222



>NUELlwpa Avodopac

Copyright EBvikov kat Kamodiotplakov Mavenotipuwov ABnvwy, =evodwv A.
Mouaoag 2015. «Elcaywyn otnv Aotpoduoikr. Koopoloyia». Ekdoon :1.0.
ABnva 2015. AtaBgotpo amno tn diktuakn dtevBbuvon :
http://opencourses.uoa.gr/courses/PHYS1/
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http://opencourses.uoa.gr/courses/PHYS1/

>NUElwpa Adetodotnong

To tapov LVALKO SlatiBetal pe toug opoug tng adeslac xpnong Creative Commons
Avadopd, Mn Eumopwkn Xprion MNapopota Atavopn 4.0 [1] R petayevéotepn, AleBvng
‘Exkboon. E&atlpolvtal ta autoteAn €pya Tplitwy m.x. dwroypadiec, Staypappota
K.A.TT., TOL OTIOLOL EUTIEPLEXOVTOAL OE QLUTO Kall Ta oTtoia avadEpovtal pall e Toug
OpPOUC XPNOoNC Toug oto «XZnueiwpa Xpriong Epywv Tpitwv».

©OE0)

[1] http://creativecommons.org/licenses/by-nc-sa/4.0/

Q¢ Mn Epmopkn opiletal n xpnon:

* 1ou 6ev mePAOPPAVEL AUECO 1] EUECO OLKOVOLLKO OPEAOC Ao TNV Xprion Tou €pyou, yLa
TO SlovopEa Tou €pyou Kot adelodoyo

* 1ou 6ev meplAapPaveL olkovouLKr) ouvaAlayn we npolnoBeon yla tn xpnon n npooBaocn
OTO £pyO

* 1ou 6ev nmpoomopilel oto SLavouEa ToU £pyou Kal adelodOX0 EUUETO OLKOVOULKO ODEAOC
(rt.x. Stadnuioelg) amod tnv poPfoAr Tou €pyou o€ SLASIKTUAKO TOTO

O Swaovyog pmopel va rapexel otov adelodoyo Eexwplotn adela va XpnoLUOTIOLEL TO £pyO YL
EUTTOPLKNA Xpron, Eepooov auTo tou {ntnbeL.
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[1] http:/creativecommons.org/licenses/by-nc-sa/4.0/
[1] http:/creativecommons.org/licenses/by-nc-sa/4.0/

Alatnpnon ZNUELWHATWY

Onoladnmote avanopaywyn n dltaokeun Tou VALKOU Ba TipEMEL va
oupnepAapBavet:

" 10 Znueiwpa Avadopdc

" 10 2Znueiwpa Adslodotnong

" 1N 6nAwon Alatipnong ZNUELWUATWV

" 10 Znueiwpa Xpnong Epywv Tpitwv (edpocov umapxetl)

noll e toug cuvodEVOUEVOUC UTIEPCUVOECOUC.
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