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Mia X@aipa Ztpénykpev (Stromgren sphere) nepioymn ovicuévov vopoyovov (H
II) yopw and Eva veapd actépa pacuatikov Tomov O N B, 610 pnuicuévo Nepéhopo
™G Polétac. @Potoypapia and tov K. Xtpdto Kovpd, o 10 06TEPOCKOTELO TOV GTNV
P66o. http://www.stratos-photography.com/
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Mia Zdaipa ZTpEpykpev (Stromgren sphere) ieployxn toviopgvou vdpoyovou (H Il)
yUpw armo €va veapo aotepa daopatikol tumou O A B, oto pnuiopevo NedpeAwpa
¢ PolEtac.

Dwtoypadio otnv ypapurn tov udpoydvou H, arnod tov k. 2tpato Koudo, o to
Q0TEPOOKOTIELO TOU otnV Podo. http://www.stratos-photography.com/

‘o

. © Stratos Koufos
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DwTtoypadia tTwv VEwV actpwv tnE MovAwac (MAELASEC) 0TO KEVTPO TNG ELKOVOC
aro Tov K. 2Tpato Koudo, o To aotepooKkoreio Tou otnv Podo. http://www.stratos-
photography.c/
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LKOVQ TOU VEPEAWLOTOC TOU OPEWG - Barnarc
MaoxaAn, and To ACTEPOOKOMELO TOV otV ZKLA0o www.nunki.gr

2. Zwn Kot Oavatog Twv ACTEpWV




b 2. Zwn Kot Oavatog Twv Ao

Tévynon Tww aotp,

epeAwparog tng KedbpaAng tov ‘Inmou tou
0 TO AGTEPOCKOTELC TOU oTNV IKLAO0 ww

16



LIKOVE: ToV veheAwportoc tne Kedalnc tov Inmov tou K.
Nikou lNac)aAn, OItO TO OLOTEPOOKOTELO TOU OTNV 2KLOBO
www.nunki.gr
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Kaobon vdpoyovou

2 (*H+'H - °D+ e*+v,_) (4,0 MeV +

1,0 MeV)

2 (1H +2D = 3He +v) (5,5 MeV)

3He + 3He = 4He + 1H + 1H (12,86 MeV).

19



Xpovoc (wnN¢ AoTpwV C€ cuvaptnon KE TNV pnada tToug

L=otabepa - M3°

E -2.5
iMs ~ 1010_\'ears-[x%]-[—9] — lOIO}'ears-[ﬁ!a]
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log &

" PP Chain

-
Sun
log T

loxU¢ ava povada paloc HEoo oTo AOTPOL OE OUVAPTNON UE TNV Bepokpacia
Kol ToV TUTto Beppomupnvikng ocuvtnéng oxedlo tou K. R J Hall, wikipedia

‘Epyo tou k. RJ Hall [CC BY-SA 3.0 (http://creativecommons.org/licenses/by-
sa/3.0) GFDL (http://www.gnu.org/copyleft/fdl.html)], via Wikimedia Commons
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Oepuokpacia  [UKVOTNTA ALGpKeLaL KOWONC

«KAUOLWUO»  ge exatoppdpio KeABW (kg/cm3) (t o€ €1n)
H 37 0,0045 8,1 skatopplpla
He 188 0,97 1,2 ekatoppLpLa
C 870 170 976
Ne 1570 3100 0,6
0 1980 5550 1,25
S/Si 3340 33400 11,5 nuEpec

Woosley, S. E.; Heger, A.; Weaver, T. A. (2002). "The evolution and
explosion of massive stars". Reviews of Modern Physics 74 (4): 1015—
1071. Bibcode:2002RvMP...74.1015W.
doi:10.1103/RevModPhys.74.1015

LG , . :
5% 2. Zwr Ko Odvatog Twv AcTépwy
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00 02 04 0.6 03 10 12 14 16 18 20

7 ’ 7 7 + Mass 7 7 i
H e€aptnon tng Loxvoc VEWV AoTPpwV TNE KUPLOC akoAouBia (dotpa e ap)LKn
pnetaAAwkotnta 0,02)
This ZAMS mass-luminosity table was generated using data from the isocrone calculation tool of Lionel

Siess. The metallicity (Z) is 0.02 and the axis units use solar values. Note that the present-day Sun is
more luminous than when it first joined the main sequence., €pyo tou k. R J Hall, Bunédia

2. Zwn Kot Oavatog Twv ACTEpWV

23



NopdpeTpol AoTpwy oTnV KUpLa akoAouBia

QaopaTIKOC aktiva M LoXUG T
TUTOG R/Ro M/M, L/Lg K
06 18 40 500,000 38,000 POGAPHOGUEVO
BO 7.4 18 20,000 30,000 artd To BLBALo Tou K.
B5 3.8 6.5 800 16,400 Zombeck, Martin V.
(1990). Handbook of
AO 2.5 3.2 80 10,800 Space Astronomy
A5 1.7 2.1 20 8,620 and Astrophysics
FO 1.3 1.7 6 7,240 (2nd ed.). Cambridge
ES 1.2 1.3 25 6,540 University Press.
GO 1.05 1.10 1.26 5,920 ISBN 0-521-34787-4
G2 1.00 1.00 1.00 5,780 Ka wikipedia
G5 0.93 0.93 0.79 5,610
KO 0.85 0.78 0.40 5,240
K5 0.74 0.69 0.16 4,410
MO 0.63 0.47 0.063 3,920
M5 0.32 0.21 0.0079 3,120

M8 0.13 0.10 0.0008 2,660
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Occulting  Location
Disk of Star 50 Astronomical Units

AU Microscopii Debris Disk
Hubble Space Telescope « ACS/HRC

NASA, ESA, and J. Graham (University of California, Berkeley) STScl-PRCO07-02a

"Debris disk AU Mic HST" by NASA, ESA, J. R. Graham and P. Kalas (University of California, Berkeley),
and B. Matthews (Hertzberg Institute of Astrophysics) -
http://hubblesite.org/newscenter/archive/releases/2007/02/image/a/.
https://commons.wikimedia.org/wiki/File:Debris_disk_AU_Mic_HST.jpg#/media/File:Debris_disk_AU
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Occulting  Location - -
Disk of Star 50 Astronomical Units

Size of Neptune's Orbit

AU Microscopii Debris Disk
Hubble Space Telescope « ACS/HRC

NASA, ESA, and J. Graham (University of California, Berkeley) STScl-PRC07-02a

NASA, ESA, J. R. Graham and P. Kalas (University of California, Berkeley), and B. Matthews (Hertzberg Institute of Astrophysics) -
http://hubblesite.org/newscenter/archive/releases/2007/02/image/a/

The top view, taken with NASA's Hubble Space Telescope, shows light reflected off dust in a debris disk around the young star AU
Microscopii. The bottom frame labels features in this image, while the white lines on the disk indicate the light polarization direction. The
image shows the flattened disk, appearing like Saturn's rings, but seen almost exactly edge-on. Normally, starlight would be so bright that
the debris disk could not be seen. But astronomers used the coronagraph on Hubble's Advanced Camera for Surveys, which blocked out
most of the starlight. The black circle in the center of the image is the coronagraph's occulting disk. The disk in this image extends to about
8 billion miles from the star, or three times farther than Neptune is from the Sun. In other observations, the disk has been traced to at least
11 billion miles.

"Debris disk AU Mic HST" by NASA, ESA, J. R. Graham and P. Kalas (University of California, Berkeley), and B. Matthews (Hertzberg Institute
of Astrophysics) - http://hubblesite.org/newscenter/archive/releases/2007/02/image/a/.
https://commons.wikimedia.org/wiki/File:Debris_disk_AU_Mic_HST.jpg#/media/File:Debris_disk_AU_Mic_HST.jpg
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http://hubblesite.org/newscenter/archive/releases/2007/02/image/a/

Artist's impression of a dusty disc closely encircling a massive baby star. Astronomers have been
able to obtain the first image of such a disc, providing direct evidence that massive stars do form
in the same way as their smaller brethren — and closing an enduring debate.The flared disc
extends to about 130 times the Earth—Sun distance — or astronomical units (AU) — and has a
mass similar to that of the star, roughly twenty times the Sun. In addition, the inner parts of the
disc are shown to be devoid of dust.

Credit: ESO/L. Calcada/M. Kornmesser
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Shocked Emission

Michihiro Takami, Jennifer L. Karr,

Haegon Koh, How-Huan Chen,

Hsu-Tai Lee

(Submitted on 6 Aug 2010)DOI:
10.1088/0004-

637X/720/1/155, Cite as:

arXiv:1008.1111 [astro-ph.SR]
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Daopa Tou HETPAEL TNV TAXUTNTA TWV

TIWOAKWV

The image shows a long-slit (2 arcmin) spectrum in the 2 - 2.5um
spectral region of the Herbig Haro object HH212 . The spectral
resolution is about 500. It is believed that a protostar - that is
invisible even at infrared wavelengths - is responsible for the two
pulsed jets seen in this spectral image. They are remarkable
because of the high degree of symmetry of the 'blobs' which have
been ejected in opposite directions (up and down in this image).
Each of the individual 'images' shows the jets in a different spectral
line emitted by molecular hydrogen that has been shock excited by
the impact of the ejected gas.

Credit:ESO 29
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Michihiro Takami, Jennifer L. Karr, Haegon Koh, How-Huan Chen, Hsu-Tai Lee
(Submitted on 6 Aug 2010)DOl: 10.1088/0004-637X/720/1/155, Cite as: arXiv:1008.1111 [astro-ph.SR]

remarkable because of the high degree of symmetry of the 'blobs' which have been ejected in opposite directions (up and down in this image). Each the
individual 'images' shows the jets in a different spectral line emitted by molecular hydrogen that has been shock excited by the impact of the ejected gas.
Credit:ESO
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Moplaka Nedn

® H2

e [yavtio 100 cwpatia/cm?,

e Aldpetpo 100 £tn pwtoc n 9,5x101 m
 Malec 6 X 10° Mo

* Oeppokpacio 10 K.

* TOo HLOO MECOOOTPLKO OLEPLO ELVOLL LOPLOKA VEDN

Kovta otov HAwo vedoc Qpiwva oe amootaon 1.300 ly
(1.2%101° km)
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e TEPAOTLO VEPN aEPLlOU KAl OKOVNC, TA
vepelwpata, otouc yalaéiec.

* UALKO TWV VEPEAWUATWY ATTOTEAELTAL KATA KUPLO
AOYyO armo vdpoyovo, NALO Kol oKOvN

* SLOOTAOELC TOUC lval mapa TTIOAU HEYAAUTEPEC
Ao To NALAKO pac cuoTnua

* TIUKVOTNTA TOUC TTOAU XaotnAn.

e TTOAU peyaAnc padog Touc £XoUV Karmolo
Baputnta

e AOyw NG YapNANg mukvotntag, Sev elval Lkovn va
UTTEPVLKNOEL TLC OEPULKEC KLVNOELS TWV HOPLWV Kol
Vol TIPOKAAECEL TN BOPUTLKI) CUCTOAN Kol
ouUTTUKVWON.
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Spiral Galaxy NGC 1232 - VLT UT 1 + FORS1

ESO PR Photo 37d/98 (23 September 1998) ©European Southern Observatory BEEa
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This intriguing new view of a spectacular
stellar nursery IC 2944 is being released
to celebrate a milestone: 15 years of
ESO’s Very Large Telescope. This image
also shows a group of thick clouds of
dust known as the Thackeray globules
silhouetted against the pale pink glowing
gas of the nebula. These globules are
under fierce bombardment from the
ultraviolet radiation from nearby hot
young stars. They are both being eroded
away and also fragmenting, rather like
lumps of butter dropped onto a hot
frying pan. It is likely that Thackeray’s
globules will be destroyed before they
can collapse and form new stars.

Credit:ESO
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This VLT image of the Thor’s Helmet
Nebula was taken on the occasion of ESO’s
50th Anniversary, 5 October 2012, with
the help of Brigitte Bailleul — winner of
the Tweet Your Way to the VLT!
competition. The observations were
broadcast live over the internet from the
Paranal Observatory in Chile. This object,
also known as NGC 2359, lies in the
constellation of Canis Major (The Great
Dog). The helmet-shaped nebula is around
15 000 light-years away from Earth and is
over 30 light-years across. The helmet is a
cosmic bubble, blown as the wind from
the bright, massive star near the bubble's
centre sweeps through the surrounding
molecular cloud.

Credit:

ESO/B. Bailleul
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OEPLOTIUPNVLKEC AVTLOPAOELC

*2(*H+H>2D+e*+v_) (4,0 MeV + 1,0 MeV)
e 2 (1H+2D - 3He +y) (5,5 MeV)
e 3He + 3He > *He + 1H + 1H (12,86 MeV)
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http://fr.wikipedia.org/wiki/Neutrino
http://fr.wikipedia.org/wiki/Radioactivit%C3%A9
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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.

105



>NUELlwpa Avodopac

Copyright EBvikov kat Kamtodiotplakov Mavenotipov ABnvwy, =evodwv
A.Mouoacg 2015. «Eloaywyn otnv Aotpoduaotkn. Zwn Kol OAavatog Twy
Aotépwv». Ekdoon: 1.0. ABriva 2015. AwaBgotpo amod tn diktuakn dtevBuvon:
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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