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EIZATQTH ZTHN AZTPONOMIA

Kep. 11° TeAikéc Karaordoeig (Aeuxoi Ndvor - AoTéoec
Nerooviwv)

N. 2 repyrovAac



TEAIKEZ KATAXTAZEIX

1) AEYKOI NANOT

2) AZTEPEZ NETPON ION

3) MEAANEZ OTIEX
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Ewvolution of the Sun

from main sequence to end of fusion

Fusion ends
Planetary nebula
Towards white dwarf

Helium shell bur

Core helium burning / /

Horizontal branch/

(100 million years) =~
illion years)

Core hydrogen burning
(9 billion years)

Temperature (K)

Eikova 1: H e€£AiEn evoc
aoTépa pe péyedocg opolo
pe Tov ‘HAlo. &aivetal n
£€000C TOU AaTépa amo Thv
KUpla akoAouBia kai n
TTOpEid TOU TTPOC ThV TEAIKA
kartdotaon (AeUKOC vavoc)

[1].




AEYKOI NANOI
Sirius B: avakaAupOnke 10 1862

L ~0.03L,,
M~1M,,
T ~ 27,000 K

ATIO TOV VOUO
Stefan-Boltzmann
BPpiokoupe aueoa:

=> R ~ anc l

Eikéva 2: O Asukdéc Ndvocg
Sirius B (kdTw apioTepa),
ditAa atov aatépa Sirius A[2].



2XEXH MAZAZ-AKTINAZ

Radius [km] (Re)
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EBikova 3: Mpagikn mapdotaon TG akTivag w¢ ouvdpTthon Tng palag (oe povddeg
akTivac kai palac HAiou avtioTtoixa), yia Acuko vavo. &aivovral dUo d1aPopeTIKEC

KAUTTOAEG, YIa OXETIKIOTIKO (UTTAE) KAl PN-OXETIKIOTIKO (TTpdoivo) aépio
EKPUAIOUEVWY NAEKTPOVIWV.



XAPAKTHPIZTIKA AEYKSCIN NANSIN

Mala: 0.15-14 M_,, ue péyioto TnG Katavoung oto 0.6 M,

AkTiva: 5,000 - 15,000 km

EowTepikn Beppokpaonia: 106 - 107 K

Emeaveiakn Bepuokpaaia: 4,000 - 150,000 K

MeyaAnc nAikiac A.N. éxouv KpuoTaAAoTTOINHEVO EOWTEPIKO.



AEYKOTI NANOI

EBikova 4: Acukog vdvog evtog Tou mAavnTikoU vepeAwpatoc NGC 2440, évag amo
Toug OeppdTEPOUC AEUKOUC vdvoug Trou €xouv TtapathpnBei [4].



/\EYKOI NANOI
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Whlte Dwarf Stars in M4

PRCS95-32 - ST Scl OPO - August 28, 1995 - H. Bond (ST Scl), NASA

HST - WFPC2

Eikova 5: OnTikA €ikova (apioTepd) Kal TUAKA TNG €IKOVAC ATtd To S1A0TNHIKO
ThAeokoTio Hubble (8€€1a), oto aunvog M4. O1 Asukoi vavor givar KukAwpévor [D].



2BAIP()TA AXTPIKA ZMHNH

Globular Cluster M4

Globular clusters, represented
here as red dots, are the
oldest datable objects

in the universe.

| Artist's conception of edge-on view of Milky Way

(100,000 light years)

Eikova 6: H ©6£on Tou apaipwToU opuhivouc M4 oto MaAalia [6].



AEYKOTI NANOI

M~1.0M

sun

R ~ 5800 km
\} ~ 0.0Z2¢c

esc

EBikéva 7: ZUykpion peyéBoucg Tng 'ng pe Aguko vdvo [7].



AEYKOTI NANOI

nearly pure nearly pure

hydrogen surface : neutral helium surface
helium

shell

carbon and
oXygQen core
nearly pure exposed core of
ionized helium surface carbon and oxygen

Eikdva 8: EowTtepikrh Aoph diapdpwyv
TUTTwy Acukwy Navwy [8].




YmoAcipypara Ymepkaivopavoug

OIITIKA AKTINEX-X
Aotépac Netpovioy !
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Eikova 9: To umdAeippa Tou utepkaivopavoug Cassiopeia A oTo oTTIKO (aploTepd)
kal oc akTiveg X (0e&1d) [9].



Ynepkaivopavic oto NepéAwpa Tou Kapkivou
OTITIKO YTTEPYOPO
(Evdidpeoec evépyelec) (Evépyeieg < OmTiKOU)

Eikéva 10: O Ymepkaivopavic oto vepéAwpa Tou Kapkivou (Crab Nebula) oto
oTTIKO (apioTepd) Kai aTo utépuBpo (degid). To vepéAwpa Tou Kapkivou
amoteAcital amoé éva Pulsar mepikukAwpévo amd vépog. Exer didueTpo 6 eTWv
PwTOC Kal emekTeiveTal ge puBpud 3.000.000 piAiwv Thv wpea [10].



Ymepkaivopavng oto NepeAwpa Tou KapKivou
oTIC AKTiveg - X

Eikéva 11: O Ymepkaivopavic oto vepéAwpa Tou Kapkivou (Crab Nebula) oTig
akTiveg - X. O1 akTtiveg X dcixvouv Ta cwparidia He TV uYynAoTepn evépyeid aThv
meploxn Tou pulsar [11].



2 XETIKO MéyeBoc Aatépa NeTpoviwy

EBikova 12: KaAAiITeXVIKA avamtapdoTaon evog aoTépa VETpoViwy, o€ oUyKpion HE TO
HéyeBoc Tou Mavxdarrav [12].



XAPAKTHPIZTIKA AZTEPS{IN NETPONI()N

MaCa: 05-25M_, e péyioTo TG Katavoung oto 1.4 M,

AKTiva: 9 - 14 km

TumkA tukvoTnTa: 10 g/cms

EowTepikn Beppokpacia: 107 - 1010 K

Emeaveiakn Bepuokpacia: 106 - 10° K

TTieon: aéplo ekpUAIOHEVWY VETPOVIWV



2XEXH MAZAZ-AKTINAZ AN.

I|Hadrons.

Quarks




TEAIKEZ KATAZTAZEIX




EX(Q)TEPIKH AOMH A.N.

Neuiron »star Interior
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EX(QTEPIKH AOMH A.N.

A NEUTRON STAR: SURFACE and INTERIOR
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Eikdva 13: EowTtepikh Aopn

- Neutron Superfluid
- Aotépa Netpoviwy [13].




AZTEPAZ NETPONI(IN 'H AXTEPAZ QUARK?
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EBikova 14: Aotépac Netpoviwv kair Aatépac TTapdlevwy Quark [14].



TTAAZAP
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Eikdva 15: KaAMITEXVIKA
ameikovion evog Pulsar [15].



TTAAZAP
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Eikdva 16: ZxeTikn évraon ekmoumng pulsar ocuvapThoel Tou Xpovou. ATd
To didypappa @aivetal n uynAn TaxuTnTa TEPITTPOPNG evog pulsar [16].



Intensity as a Function of Time

AKTINOBOAIA ATIO TTAAZAP
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Eikéva 17: ‘Evraon ouvapTthoel
TOU XpOVoU o€ O1dPOpPETIKA
UAKN KOWATog yia Tpia pulsar
[17].



TTHIEZ EIKONS)N

1. Evolution of a sun-like star
Author: Lithopsian (Wikimedia Commons User)
Creative Commons Attribution-Share Alike 3.0 Unported license
http://commons.wikimedia.org/wiki/File:Evolution_of_a_sun-like_star.png

2. Sirius A and B Hubble photo
NASA, ESA, H. Bond (STScI), and M. Barstow (University of Leicester)
Creative Commons Attribution 3.0 Unported license
http://commons.wikimedia.org/wiki/File:Sirius_A_and_B_Hubble_photo.jpg

4. Cocoon of a New White Dwarf
Image credit: NASA/R. Ciardullo (PSU)/H. Bond (STScI)
http://www.nasa.gov/multimedia/imagegallery/image_feature_584.html

5. White Dwarf Stars in M4
H. Bond (ST Scl), NASA
http://imagine.gsfc.nasa.gov/docs/science/know_|1/dwarfs.html

6. Globular Cluster M4 in the Milky Way
NASA/ESA and A. Feild
http://www.spacetelescope.org/images/opo0210e/
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7. Size of Earth compared to White Dwarf
Space Telescope Science Institute
http://www.stsci.edu/~inr/thisweekl/thisweek/WhiteDwarf gif

8. Internal Structure of Various White Dwarf Types
White Dwarf, The Worlds of David Darling
http://www.daviddarling.info/encyclopedia/W/whitedwarf.html

9. (a) Cas A seen in visible light by the MDM Observatory in Tucson, Ariz.
Credit: MDM Observatory

http://sciencel.nasa.gov/science-news/science-at-nasa/1999/ast26aug99_1/

(b) Cassiopeia A - First Light Chandra Image
Image Credit: NASA/CXC/SAO
http://heasarc.gsfc.nasa.gov/docs/objects/snrs/cas_a2.html

10. CRAB NEBULA: Supernova Remnant & Pulsar
Chandra X-ray Center, (funding from NASA)
http://chandra.harvard.edu/photo/0052/what.html

11. Crab Nebula: The Crab in Action & The Case of The Dog That Did Not Bark
Chandra X-ray Observatory (NASA)
http://chandra.harvard.edu/photo/2011/crab/
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12. Neutron Star Illustration,
NASA Goddard Space Flight Center
http://svs.gsfc.nasa.gov/vis/a010000/a011200/a011260/

13. A Neutron Star: Surface and Interior,
Dany Page, Neutron Star (Theory) Group at UNAM
http://www.astroscu.unam.mx/neutrones/NS-Picture/NStar/NStar_|.gif

14. Neutron Star and Strange Quark Star,
NASA , NICER (Neutron star Interior Composition Explorer),
http://heasarc.gsfc.nasa.gov/docs/nicer/nicer_about.html

15. Artist's depiction of a pulsar
Credit B. Saxton/NRAO/AUIL
http://www.nrao.edu/index.php/weighing-pulsars

16. Pulsar Relative Intensity vs Time
Stars - High Mass Stellar Evolution, Astronomy Online
http://astronomyonline.org/Stars/HighMassEvolution.asp

17. Pulsars,
Surrey Teachers Astrophysics Resource
http://www.ph.surrey.ac.uk/astrophysics/files/how_stars_end.html#pulsars
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