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BiBAloypadia:

 Mavov Aaveln kat Ztpatov O@sodoaciov, To ZUMMAV IOV Ayannoaw,
Exé. AlavAog, ABnva, 2012, ISBN: 978-960-531-288-6

* XapaAaunov BapBoyAn kat Mnavvn X. Zewpadakn, Eicaywyn otn
ouyxpovn actpovopia, Ekdotnc: Nuptayavng, ApltOuoc ZeAidwv:
352, 1994

e Jtavpovu l. AuyodoUnn kat lwavvn X. Zewpadakn, Napatnpnotoaxi
Acotpovopuia, Ekdotng MAavntapio Oecoalovikng, 2004, AptOpac
ZeAibwv 246, ISBN 960-86810-3-0

« B. W. Carroll and D. A. Ostlie An Introduction to Modern
Astrophysics, ekd. Addison-Wesley, 1996 ko 2013, ISBN-13: 978-
1292022932
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BiBAoypadia:

Eriong:

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 introd
uction.html

http://handprint.com/ASTRO/

http://www.astronomy.ohio-state.edu/~pogge/Ast162/Unitl/sptypes.html

Fevikwg pmopeite va BplokeTe EMOTNUOVIKA GpOpa 0€ OTIOLOSATOTE AVTIKELNEVO, AGTPOPUGLKIG,
duowiig, padnuatikwv, prhiocodiag N otidnnote, otnv LotoceAida:

scholar.google.gr/

Ta apepa napouma(ovmt e aéloAdynon Ko ntpwta avadEpovrol Ta Lo XPNOLUOMOLNHEVA, TA
KOLTA TEKUAPLO TTLO ONHAVTIKA.
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BIBAIA TIA TO MAGHMA EIZAMQrH ZTHN AZTPOOYZIKH

To cUumav Tou ayannoa
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Yuyypadeic: Aavelng Mavog,0g0600iou ITPATOG
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To cUuay Tou ayannoa

Kwdwog BiBAiou otov EVdoEo: 12212
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‘Ekdoon: 3n €k6./1999
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ISBN: 978-960-531-062-2

TUmog: T0yypappa

Awa®£tne (EKS6TNC): AIAYAOS A.E. EKAOSEIZ BIBAIQN

To cUua Tou ayannoa

Kwdwkog BiBAiou otov EVS0E0: 12213

AplBuo6G TOpou: Topog 2

‘Ekdoon: 3n €k6./1999

Juyypadeic: Aaveélng Mavog,0cob0ciou ITpAtog
ISBN: 978-960-531-063-9

UTTOG: ZUYYPOUUOL

L Gstr]q (Ek60tNG): AIAYAOZ A.E. EKAOZEIZ BIBAIQN

UOLKT] Twv OTED(JJV

Elcaywyn otnv actpoduolkn
Kw61kodg BiBAiou otov EUSo0: 42022440

‘Ekdoon: 1n/2014

Juyypadeic: AAucoavdpakng K.

ISBN: 978-960-02-3058-1

Tumocg: Z0yypoppa

Awa®gtnc (Ek8TnC): EKAOSEIE MAMAZHEH AEBE

EIZATQIH XTHN AZTPONOMIA KAl AZTPODYZIKH
Kwdwkog BiBAlou otov EUS0E0: 22846310

‘EkSoon: A'EKAOZH/2012

Juyypadeic: ZAOEIPONOYAOZ BAZIAEIOZ,ZADEIPOMNOYAQY
KAPATZOTAQY OIANAPETH

ISBN: 978-960-530-148-4

Tumoc: Z0yypoppa

AwaBétng (EkS0tNng): Etatpeia A€lomoinong kat Alaxeiplong Meplouaiag
Mavemnotnuiou MNatpwv

AwoBéTne (EkSHTNC): AIAYAOS A.E. EKAOZEIS BIBAIQN

AXTPOO®YZIKH TOMOZ |

Kwdwkog BiBAiou otov EUSogo: 280

AplBuo¢ topou: |

‘Ekdoon: 1n/2009

Juyypadeig: SHU FRANK

ISBN: 978-960-7309-16-7

Tumoc: Z0yypoppa

AwBétne (EkSHTNS): IAPYMA TEXNOAOTIAS & EPEYNAS-
MANENIZTHMIAKEZ EKAOZEIZ KPHTHZ

AITPOOYZIKH TOMOZ Il

Kwb1kog BiBAiou otov EUS0E0: 282

AplBuo¢g tépovu: I

‘Exdoon: 1n/2009

Juyypadeic: SHU FRANK

ISBN: 978-960-7309-17-4

Tumocg: ZUyypoppa

AaB£tng (Ek60TNG): IAPYMA TEXNOAOTIAY & EPEYNAS-
MANEMIZTHMIAKEZ EKAOZEIZ KPHTHZ
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BIBAIA ZXETIKA ME THN AXTPODYZIKH

Aotpoduatkr MAdopatog

Kwdwkog BiBAlou otov EUSo&o: 50661503
‘Ek&oon: 2n Ekdoon/2015

Juyypadeic: Kavapng Tolykavog

ISBN: 978-960-91748-2-4

Tumog: Z0yypouua

AwoBétnc (Ek86TNnc): KANAPHE TEITKANOS

Actpogduatikr NAdopatog

Kwbkdg BiBAlou otov EUS0€0: 42116553
‘Ekdoon: 1n Ekdoon/2015

Juyypadeic: Kavapng Tolykavog

ISBN: 978-960-91748-2-4

Tumog: Z0yypapua

AwaBETng (Ek6OTNG): KANAPHZ TZITKANOZ

Kook AktivoBoAia

Kwbkdg BiBAlou otov EUdofo: 45309

‘Ekdoon: 1n €k6./2009

Juyypadeic: MauvpoptyaAdakn - XplotormoUAou EAévn
ISBN: 978-960-266-251-9

TUmog: 0yypouua

AlaBétne (Ex56TNnC): 2. AOANAIOMOYAOS & ZIA O.E.
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FeviK IXETIKOTNTA
Kwdwkog BiBAiou otov EUS0Eo: 6236

ExkSoon: 3/2007

Juyypadeig: Bernard F. Schutz

ISBN: 960-7122-21-6

TUMog: ZUyypappa

AwaBétng (Ek66tNnCg): TPAYAOL & ZIA OE
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Ertiotnuovikn pebodoc

* MNapatnpRoELC
* MNepapota
* To &upadt tou Occam ('s Razor)
n amtAovotepn Bewpla eivat n KaAUTEPN.

 H Bewpla mov epunvevel mepLocoTEPA PaLVOUEVA 1)
npoPBAEmeL palvopeva IOV opaATNPEOUVTAL ELvVOL N
KaAUTEPN

e KabBe Bewpla emiPePatwverol, CUUMTANPWVETOL N
aroppLITETAL Ao VEEC KOAUTEPEC TIAPOTNPINOELC KoLl
nepapato




E€EALEN TNC aoTpovouLac

ApXLKQ N aoTpovoula elvat meptlypadikn,
MPOKTLKN

2TNV CUVEXELA padnuatikomolnnke ko
EYLWVE eTLOTNMN. Elodyovtal oL vopoL tng

dUOLKNC.
Apyotepa apxloe n Aotpodpuoikn

n ocuyxpovn Aotpoduaotkr YEVWNONKE LLE TNV
doaopoatookorior TEAn 19°V awwva.



2NUOVTLKATIPO0d0C¢ N Bewpntikn amodeién Oewpnuatwv
O 'Hpwv poag nAnpodopei yia tov Aoyo tnc Oswpiacg pe anodeifelc:
AUAWC Kail VOEPWC Ta FewpnuaTa SLEPEUVWUEVOC

Meta 6€ Tov OaAijv MapEptioc o
2Tnowopou notntod adeAdoc kal
Intntiiag 0 'HAgloc kat peta tadta O
MuBayopac avwBev TaC ApxXAc aUTAC
ETILOKOTIOUEVOC KOl AUAWC Kati
VOEPWC Ta FewpHuaTa
OLEPEVUVWUEVOC KAl LETA TOUTOV
Avaéayopagc kat o MAdtwv Kai
Otvomnidng o0 Xio¢ kat Oe0dwpoc o
Kupnvaloc kat Immokpatng mpo tod
MAdtwvoc. peta tadta Kot Aewdapog
0 OaoLoc kot Apxutac 0 Tapavtivog
Kal @eaitntoc 0 ABnvaliog, EDSofoc O
Kvidloc
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[Mapatnpwvtoc TO UMV

MopatnproeLg e TO LATL,
Opyava rapatnpnong
Dakol

TnAeokoria

AM\a tapdBupa oto VAV
Opatn neploxn

pasdLo,

oKTiveg X,

Y,

untépuBpo,

Yreplwdeg

MLKPOKUHOTOL

@ N o U Rk W INR

Koopikn aktivoBoAia

b 1. Quolkn Twv AcTEpwv
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HM aktwvofoAla

) Opat
p&dlo HIKPOKUHATA  \hen,9p0  Teploxn YTEPLWOES aktiveg X Y
10° 1072 10‘5, 0.5x10°° 1078 10710 10712 (m)
104 108 1012 10%° 106 1018 102° (H2)
1K 100 K 10,000 K 10,000,000 K
—272 °C -173°C 9,727 °C ~10,000,000 °C
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Mwc yvwpil{ou e Ol AUt yLa tTa
AOTPA KOl TO CUUTTOWV;

* ATO TL €ival pTLAYUEVD;
* [loLwa €lvol N TNy EVEPYELAC TOUG;

* MMwc yevviouvtal kat rtebaivouv;
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[l va paBoupe tov Koopo
KOlL TOV EQLUTO HLOLC
avamntuéaLe:

D\ocodla
EMLOTAMEC
Altlokportia

Nopouc tnC $UOLKNC
MoaOnuatika
Napatnpnon
Nepapota

Oewplec

1. Quokn Twv AcTEpwv
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Elbikotepa pTlotape
TnAeokomLa
Avoarmtuéape tnv QaopatooKorio
Kowope MNelpapato oTo EpyactnpLo

Kowvoype YitoAoyLlopouc (Tic teAeutolec OEKAETLEC
LE QAEKTPOVIKOUC UTTOAOYLOTEC)

Xpnotuomnoloue AlaoTnpomAoLa

:



Daopatookoria

* Qaopatookortia eivatl kKAadoc tnc PuoLknc
(Omtikn¢g, Kupatikng omTikng)
nopdn twv paocpatwv HM aktivoBoAiag,
aAAQ Kol TNC UANG
(katavoun Tn¢ KOoULKNC akTtvoBoAlog otnv
EVEPVELQ)
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Daopotookomnia

* Apyaiol EAANVEeC:

* To oupavLo Toco dnuoupyeitotl AOyw TG
aAANAemidPaoNC TOU NALAKOU GWTOG UE TLG
OTOYOVEG THE BPoxNG

1

>l



Neutwv 1668

e paopa Seounc Tou
HALakoU dwTtoC e
TPLYWVLKO Tiplopa



Nopot Kirchoff

* Anders Jonas Angstrom, puoikoc, 2ounbdia, 1853 Bewpiec
yla paopoto oeplwv

* NAeKTPLKOC omvOnpac mapexetl Svo emaAAnia paopata.

. AepLo TMIUPOKTWHEVO EKTIEUTIEL PWTELVEC OKTIVEG OTA UNKN
KUHOTOC TToU amoppoda

e BepeAwdnc apxn NS PACUATIKAC avAaAuonc.
Gustav Kirchhoff, leppavoc puolkog kot xnukog Robert

Bunsen, 1860, ¢aopaTO TWV OKTW UETAAAWY Kol
npoodlopilovtal ta HETAAND UTA 0€ GUCLKA OTOLXELAL.

* Tpelg Bepehwbelg Nopot Kirchoff,

21



Evepyelo pwtoviou

E = hf =hc/A

22



Johann Balmer, 1885

 Johann Balmer,
1885, tE00EPLC
OPOTEC Ol
YPOULUEG TOU
vOpoyovou
MEPOG HLAG
oElpac ou Ba
HUopouaoe va
ekppalovtal o€
QKEPOLOUG
aplBpuouc.

LG , .
+% 1. Quoikr Twv AcTépwv

n=1 (Ground State)
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Johann Balmer, 1885

* Johann Balmer, 1885, tecoepLc opaTEC OL
VPOLLULEC TOU UOPOYOVOU UEPOC MLOC OELPOLC
niou Ba pumopovoe va ekppalovtal o€
akEpaloug aplBuouc.

* hf=-13.6 eV(1/n?2 - 1/22)

« =13.6eV(1/4-1/n?).

* Tumnoc Rydberg

* 1/A=(13.6 eV(/hc))(1/4-1/n?) =R(1/4 -
1/n2).

g Lo ‘,.1‘:?,

oy DA ' i
i ,@‘ 1. Quokn Twv AcTépwY
I )
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Rydberg

* Tumocg Rydberg meplypadel akOpn OELPEC TWV
YPQLUWVY.

* 1/A=(13.6 eV(/hc))(1/4 - 1/n?) = R(1/4 -
1/n2).

25



William Huggins kat culuyoc tou

Mopyapita

* William Huggins kat culuyoc Mapyapita, 1860-
1870, xpnotuomolouv paoUATOCKOTILO OE
aoTeEPLA Kol Bplokouv Ta Lol xNULKA oToLxELal
1ou Bplokovtol otn yn.

e petatornion Doppler oto ¢paopua tou Zeiplov,
1868, urtoAoyilel aKTLVLKN TaXUTNTO

* dAaopa Ao MAAVNTLKO veEPEAWMA (T pLATLOL TNG
yvatoc Nededwpa (NGC 6543)

* UE PAOUATIKA TEXVLKEC OLOKPLVEL TTAAVNTLKA OTTO
vepeAwpota yalaslwy.

26



Evepyelo pwtoviou

E = hf=hc/A
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Mepioxn EUpoCc pnKwv KUHAToc To xpwua
Kokkivou (Red) 760 nm — 630 nm Kokkivo (R)
700 nm
MoptokaAi (orange) 630 nm — 600 nm MopTtokaAi
620 Nnm
Kitpivou (Yellow) 600 Nnm — 570 nm Kitpivo
580 nm
Mpaoivou (Green) 570 nm — 490 nm Mpaoivo (G)
530 nm
MnAe (Blue) 490 nm — 450 nm MnAz (B)
475 nm
Iwdoucg (Violet) 400 nm — 440 nm Iwdeg (pwpB)
440 nm

*Ivoiko (idigo) Tou NzsUTwva

450 nm — 440 nm

1. Quokn Twv AcTEpwv
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1. Quokn Twv AcTEpwv
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XNULKA avaAuon
Qo HOaKPLA
Fraunfofer (tnAeokomnio, paopatookonio, Asmer oxtopnn)
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Gustav Kirchhoff kat Robert
Bunsen

31
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Meipapa tou Bunsen yla ¢oopatooKOTILKY avaAucon

fuaAwvo Mplopa yepAato pe vypo

TnAeokomio o TV @vaAuon Tou pwTog
/’\l'J)(VOQ He We oTevn ' ' : TnAeoKOTLO
O()\O’LTOL otn oXLOW s
Aove €L00d0UL TOU napathEnon
P TOU
. paopatog

N ,.]l PO a—IMOXAOG yLa TNV
& b8 . ~;\.‘) MEPLOTPOPH TOU
v N cuaroq
> \ N
TnAeokormio
yla
napatnpnon

NG KALpOKOLG




* [Upw oto 1860 o William Huggins
(1824-1910) pe tnvPfonBela tou
William Miller oto 8LwTLko tou
aotepookoreio oto Tulse Hill
£6€e1ée OTL TOAAQ XNULKA OTOLXEL
Tov eival otnv 'n aviyvevovtal
oTa AoTpa.

e XpnoLUoToinoE Eval OTTTLKO
daopatoypddo nov MpocApUocE
OTO KATOTITPLKO TOU TNAEOKOTILO
(6lapétpou 20 cm)

e amnedellav OtL GAOUATLKEC
VPOUUEC TTOU epdavilovtal o€
AQUTIEC UE EKKEVWON
eudavidovral koL o paopata
ACTPWV WC YPOLUEC
arnoppodpnong ota idLa uNKn
KULLOTOG

1. duotkn Twv AcTépwy 33




ATIAEC TTELPOLLLOTLKEC OLATAEELC
AVOAUGONC TOU PWTOC

34
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Daopatookoria

* Apyaiol EAANVEC:
* To oupaVvLOo TOEO dnpLot
aAAnAenidpacnc Tou nAtakol
OTOYOVEG TNG BPOXNG

| —l ———— .

G
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Neutwv 1668

daopo SeounNC PwWTOC LE TPLYWVLKO TIPLO

ANAAYZH @QTOZ ME MPIZMA ZXHMA K. D-Kuru




% 1. Quokn Tyl

Oeppn
QWTEIVI

Tnyn

V ACTEPWV

Qaopoata

2UVEXEC
Qaoua

Pdaoua
ATTOPPOPNONG

agpiou

\-
Paoua
EKTTOUTTAC

l agpiov
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Daopa
vbpoyovou

d 1. Quolkn Twv AcTEpwY

YYYYyyy = n=1

*rr
Ffund
Yy Series
=12=]%<| Brackett —=n=2
=|2(2|2|Z| series
YYVYY — h=d
'."'._i b [— i."-._l =_ :lg FEIEEI'IEI'I
£|ElZ|S|5{E| series
—= h=3
YYYVYY
Balmer
series
—= h=2
E
=
g i [ 1= 1
8=l Lymann
b L ) B B .
series

_ = e o
= LN O]

n=2




Daopa
vbpoyovou

1. Quokn Twv AcTEpwv
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~ 656 ) 6 n

: A AY 34 nm
n=

Lyman series
{ultraviolet)

w=3

2

n==e

Balmer series
(visible)

Paschen senies

{infrared)
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Isaac Newton, Optics

)

OPTICKS:

OR, A

TREATISE

LS g Lk ¢ B O

~ Reflections, Refractions,

Inflections and Colours

LI G H %

The FourTH EDITION, correlied.

By Sir ISAAC NEWTON, Knt.

LONDON:

Printed for Wirriam Innys at the Weft-
End of St, Paul’s. MDCCXXX.

1. Quokn Twv AcTEpwv
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[Melpapo tov ekave o NeUtwv

Newton's original letter to the Royal Society,
1 January 1671
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1. Quokn Twv AcTEpwv

42



AvaAuon wTtocC LE €o0TlOON
yLa va EYouEe KaAutepn deoun

dwWTOC




* Incident light reflects at the same angle (black
lines), but a small portion of the light is
refracted as coloured light (red and blue lines).
glKOVaL Tou Primefac
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ETILOTAMOVEC Ao tov 19° alwv
1.x. BA. A. A. Michelson, " ),

rophysical Jodrn : 37-47 (1898) \

\

1. Quokn Twv AcTEpwv



http://adsabs.harvard.edu/abs/1898ApJ.....8...37M

Daopatookoria e ppaypa
neplBAaonc

46



http://en.wikipedia.org/wiki/Diffraction




Daopatookoria e ppaypa
neplBAaonc
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Movoypwpatwp Czerny—Turner
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DaopoatooKoTL LE KALUOKWTO

Detec tor

Echelle

oris Povazav (Cardiff Universitv)

A. A. Michelson, "The Echelon Spectroscope," Astrophysical Journal 8: 37-47 (1898)

1. Quokn Twv AcTEpwv
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http://adsabs.harvard.edu/abs/1898ApJ.....8...37M

Daocpatookoriio Kirchhoff ko
Bunsen

Ieneerm IS e A
kiRt h{ax_’;a:mlu!,‘;iziﬁi.rh |
\ i) o .\\"_l‘:l. ':'l !
\ i i _li;

i

o

L F ii}:s.('

Kirchhoff, G.; Bunsen, R. (1901). "Chemical Analysis By Spectral Observations". In Brace, D. B. The Laws of

Radiation and Absorption: Memoirs by Prévost, Stewart, Kirchhoff, and Kirchhoff and Bunsen. New York:
American Book Company. pp. 99-125

1. Quokn Twv AcTEpwv
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http://books.google.com/books?id=3KwRAAAAYAAJ&printsec=frontcover&cad=0

AVIXVEUGON XNULKWV OTOLXELWV ATIO
touc Kirchhoff kot Bunsen
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O Joseph von Fraunhofer 68L)(V£L TNV )\ELtouvaa
doaopatookoriiou. Amo elkova tou Richard Wimmer, amo to BiBALo
' tou Richard Wimmer - "Essays in astronomy" - D. Appleton &
. company, 1900 (LCCN 00004435)




Daopa nAtou, tumou Fraunhofer

KH G F L E D C B A

h g fe dh,c hg o g
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wavelength in nm
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Robert Nemiroff (MTU) & Jerry Bonnell (USRA) - NASA HD 12993
B0 Daopata dStadopwv actpwyv dtadopwv BeppokpacLwV Kat HD 158659
daopatikwy TUNWV

B6 HD 30584
A1 HD 116608
AS HD 9547

FO HD 10032
F5 BD 61 0367

GO 0T T HD 28009
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Solar AMO (Air Mass Zero) spectrum (Chris A. Gueymard 2002) as included in SMARTS
2.95, together with a blackbody spectrum for 5777 kelvin and solid angle 2.16e-5*nt
steradian for the source (the solar disk). The visible region of the electromagnetic
spectrum is shown using the CIE visible spectrum as implemented in ColorPy by Mark
Kness (2008)
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Secchi's four classes of stellar spectra, from a colored lithograph in a book published around
1870. This shows how someone looking through a spectrograph on a large telescope would
see the spectrum from the brightest stars. The spectra would be much fainter for most stars,

making for difficult observing. The principal spectral lines are identified underneath by letters
~that Fraunhofer assigned. 1870
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F4 metal poor
M4.5 emission
B1 emission
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e Aemtopepn dpaopata
ACTPWV OO £VA OUNVOC

e Spectra (350 -590 nm) of
stars in the open cluster
NGC 330 in the SMC,
obtained during a 6-min
exposure with FORS1 in
MOS mode.

e guyaplotiec: ESO
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AemtopEpeLla paopatoc yahasio

VIMOS Integrated Field-Spectrum
of Antennae Galaxies (Detail), ESO
An enlargement of a small area in
ESO Press Photo es00209b. This
observation allows mapping of the
distribution of elements like
hydrogen (H) and sulphur (S 1), for
which the signatures are clearly
identified in these spectra. The
wavelength increases towards the
top (arrow).

-5
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http://www.eso.org/public/images/eso0209b/

Eva Ttpay LATIKOC oUYXPOVOC
daopatoypadoc

. The Multi Unit Spectroscopic Explorer (MUSE)
second generation instrument for ESO’s Very
Large Telescope (VLT) is an innovative 3D
spectrograph with a wide field of view, providing
simultaneous spectra of numerous adjacent
regions in the sky. Such spectrographs are
efficient explorers of the Universe in three
dimensions (two for the sky positions, and one for
the wavelengths). Poised to become a unique and
powerful tool for discovering objects that cannot
be found in imaging surveys, MUSE, which is
based on a number of technological
developments, is bringing these advantages to a
level never achieved before.

. This photo shows the large MUSE cryogenic
system which provide cooling and vacuum for the
24 MUSE detectors.

. Credit:ESO
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Artist's impression of the laser comb
developed for astronomy. Such a laser comb is
necessary to act as a 'ruler' for calibrating the
new, extremely precise spectrographs that will
be needed in the future to search for Earth-
like planets or measure the expansion of the
Universe. To test this laser comb, a team of
scientists went to the telescope and analysed
the light coming from the Sun. The light from
the Sun was coupled to an optical fibre that
guides it to a spectrograph (prism) in order to
resolve its spectral lines. The spectral lines
from the Sun appear as dark bands because
they represent the wavelengths of light that
has been absorbed by the Sun's photosphere
as it emerges from deeper within it.
Superimposed are many short, bright (white)
spectral lines of the laser frequency comb that
serve for calibration. The spectrum shown is
the real observed one.

Credit: ESO
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Eva ouyxpovo paocpa evoc kBalap

Wavelength (nm)

This illustration shows the three spectra produced simultaneously by the new efficient X-shooter instrument on ESO’s Very Large Telescope.
X-shooter can record the entire spectrum of a celestial object (in this example a distant lensed quasar) in one shot — from the ultraviolet to
the near-infrared— with great sensitivity and spectral resolution. This unique new instrument will be particularly useful for the study of
distant exploding objects called gamma-ray bursts, among the most energetic events in the Universe, which fade rapidly in brightness in
matter of hours after the their appearance. The rainbow colours applied to the spectra indicate X-shooter’s wide spectral coverage and are

meant for illustrative purposes only. The majority of the wavelengths covered are in fact invisible to the human eye.
Credit: ESO
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To paopo evoc KopNTn ou deiXVeL Ta
Sladopa LOPLOL LE TLC XOLPOLKTNPLOTIKEC
UTTOVTEC VPOLLULWV

TIT

NH2 Nal o1 p2 C2 H20" [O]]

Long slit medium resolution spectrum of Comet McNaught taken on 3 February 2007 and covering the spectral range 450-650nm (the spectral direction is along the horizontal axis, blue side to the left and red
to the right). The spatial direction is along the vertical axis and covers about 80,000 km on the sky. The nucleus has been centred in the 1" (800 km) slit, and is located at the position of the solar continuum in
the spectrum. The Sun direction is up and the tail direction is toward the bottom of the image. The many emission lines from the gaseous coma are spatially extended by several thousands kilometres and
grouped in so-called molecular bands. The sodium (Nal D) emission is visible as the sharp and very extended line. In fact the sodium doublet (Nal D1 and D2 lines) is just resolved. On 3 February the flux that

this line had in the inner coma dropped by a factor of 10 in only a few days. For sake of clarity only some of the most conspicuous features are annotated.

Credit:ESO
81
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To paopa evog Kopntn mou delyvel a dlapopa LOPLAL LLE TLC
XOLPOKTNPLOTLKEG UTTAVTEC YPOLLLLWV

The image shows the spectrum was obtained by Alain Stnette (Kapteyn Astronomical Institute, Groningen, The Netherlands) W|tlf the EMMI
instrument at the ESO 3.5-metre New Technology TelesGope. The spectral coverage was from about 4900 Angstrom (left) to 620(§ Angstrom
(right) in the green-yellow region. During the 60 secondgxposure, the spectrograph slit was oriented along the main tail at posit?on angle ~
145 degrees. It is easy to see three main band systems af the C2 molecule, known as the Swan bands, with band heads at 5165, 5635 and
6192 Angstroms, respectively. They are seen in most cofhets that approach the Sun and are named after the English pioneer spektroscoplst
William Swan (1818 - 1894), who first observed these efpissions in hydrocarbons
Credit:ESO
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Daopo KopunTn omou dlakpivovtal
OPYOVLKEC EVWOELC.
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Spectra of Comet Hyakutake were obtained at the ESO La Silla Observatory on February 29.3 UT by Klaus Simon
(Institute for Astronomy and Astrophysics, University of Munich, Germany) and Chris Lidman (ESO-Chile). They used
the Danish 1.54-m telescope with the multi-mode DFOSC instrument and a large CCD. The slit was centred on the
brightest part of the cometary coma. The frames were reduced by S. Benetti (ESO-Chile). This graphical representation
is based on the combination of two 10-min exposures. They have been calibrated to show the wavelength (abscissa, in
Angstrom) and relative intensity (ordinate). The spectrum covers the wavelength region 4000-8000 A with a spectral
resolution of approx. 12 A.
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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

Qaopa evoc yahaéia e ovyxpovn peBodo. H olypoeldne kapdn twv
YPOLHWYV TOU PACHATOC OPEIAETOL OTNV TTEPLOTPODN TWV ACTPWYV YUPW
Qo TO KEVTIPO TOU yohaéia

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 um 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


http://cdn.eso.org/images/screen/eso0128e.jpg

Ddopa evog yahatia pe
ouyxpovn péEBodo. H
OlYMOELONAC KA N TwV
VPOULLWY TOU GACUATOC
odeiletaL otnv neplotpodn
TWV AoTPWV YUpW Oro To
KEVTPO TOU yaAatia.
Amelkoviletal KoL n toxvtnTa
nepLotpodnc oto ypadnua.

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 um 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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Qaopa evoc yahaéla pe ocuyxpovn HEBodo. H olypostdng kapn twv
VPOULWY TOU AcHATOC odelAeTOL OTNV TIEPLOTPOPN TWV ACTPWV YUPW
Qo TO KEVTPO ToU yaAakio. Ametkoviletal Kot n taxVTNTo TEPLOTPOPNC
oTo ypadnua.

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
um 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.



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 o
spread is a direct measure of
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the "velocity dispersion" and fﬁ -1_100@#@@41 Qﬁﬁwl“

the individual stellar motions. : {gg‘ ] |

As can be clearly seen, the g : |

width of the "band" decreases P T NERUTTRE: SR FETRT R PRI
. . . -10 S5 0 5 10 -10 B) 0 5 10

towards the centre, indicating Areec Areec

the presence of a "dynamically
cool" central stellar system.

Credit: ESO
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To paopa evoc kBadlap.

This UVES echelle spectrum QSO HE2217-2818 (U-magnitude = 16.5) is recorded in different orders (the individual horizontal lines) and altogether covers the wavelength interval
between 330 - 450 nm (from the bottom to the top). It illustrates the excellent capability of UVES to work in the UV-band on even faint targets. Simultaneously with this
observation, UVES also recorded the adjacent spectral region 465 - 660 nm in its other channel. The broad Lyman-alpha emission from ionized hydrogen associated with the
powerful energy source of the QSO is seen in the upper half of the spectrum at wavelength 413 nm. At shorter wavelengths, the dark regions in the spectrum are Lyman-alpha
absorption lines from intervening, neutral hydrogen gas located along the line-of-sight at different redshifts (the so-called Lyman-alpha forest) in the redshift interval z=1.7- 2.4

Note that since this exposure was done with the nearly Full Moon above the horizon, an underlying, faint absorption-line spectrum of reflected sunlight is also visible.
Credit:ESO
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By studying a triple planetary system that resembles a scaled-up version of our own Sun’s family of planets, astronomers have been able
to obtain the first direct spectrum of a planet around a star, thus bringing new insights into its formation and composition.The spectrum is
that of a giant exoplanet, orbiting around the bright and very young star HR 8799, about 130 light-years away. This montage shows the
image and the spectrum of the star and the planet as seen with the NACO adaptive optics instrument on ESO’s Very Large Telescope. As
the host star is several thousand times brighter than the planet, this is a remarkable achievement at the border of what is technically
possible. According to the scientists it is like trying to see what a candle is made of, by observing it from a distance of two kilometres
when it’s next to a blindingly bright 300 Watt lamp. Despite the power of the VLT’s extraordinary adaptive optics system, the spectrum of
the planet appears very faint, but still contains enough information for the astronomers to characterise the object. In the spectrum (right)
several artefacts from the instrument are seen, such as internal reflections, or “ghosts”, and diffraction rings. Similarly, the image of the
star (left) suffers from several diffraction artefacts, which should not be confused with the real signal of the exoplanet.

Credit: ESO/M. Janson
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nto its formatlon and composition.The spectrum is that of a giant exoplane d v
young star HR 8799, about 130 light-years away. This spectrum of the star and the planet was obtalned W|th the NACO
adaptive optics instrument on ESO’s Very Large Telescope. As the host star is several thousand times brighter than the
planet, this is a remarkable achievement, at the border of what is technically possible. According to the scientists it is
like trying to see what a candle is made of, by observing it from a distance of two kilometres when it’s next to a
blindingly bright 300 Watt lamp. Despite the power of the VLT’s extraordinary adaptive optics system, the spectrum of
the planet appears very faint, but still contains enough information for the astronomers to characterise the object. In
the spectrum several artefacts from the instrument are seen, such as internal reflections, or “ghosts”, and diffraction
rings.
Credit:ESO/M. Janson




Exoplanet

Wavelength

By studying a triple planetary system that resembles a scaled-up version of our own Sun’s family of planets,
astronomers have been able to obtain the first direct spectrum of a planet around a star, thus bringing new
insights into its formation and composition.The spectrum is that of a giant exoplanet, orbiting around the bright
and very young star HR 8799, about 130 light-years away. This spectrum of the star and the planet was obtained
with the NACO adaptive optics instrument on ESO’s Very Large Telescope. As the host star is several thousand
times brighter than the planet, this is a remarkable achievement, at the border of what is technically possible.
According to the scientists it is like trying to see what a candle is made of, by observing it from a distance of two
kilometres when it’s next to a blindingly bright 300 Watt lamp. Despite the power of the VLT’s extraordinary
adaptive optics system, the spectrum of the planet appears very faint, but still contains enough information for
the astronomers to characterise the object. In the spectrum several artefacts from the instrument are seen, such
as internal reflections, or “ghosts”, and diffraction rings.

Credit:ESO/M. Janson
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*  Spectrum of a bright meteor, as observed
serendipitously by the multi-mode FORS 1
instrument on the ESO Very Large Telescope
during the night of May 12-13, 2002, in front
of a photo of the VLT enclosures and with a
meteor trail inserted in the sky (montage).
The position of the meteor trail on the
narrow slit of FORS (not to scale) is also
indicated. The lower panel shows the
spectrum of the meteor, following removal
of the supernova spectrum and before (up)

JU "
s ! i o] h
and after (down) removal of the spectrum of

the night sky by image processing. Several i 1l I 7 ' A ] ] a
emission lines from colliding Oxygen and Hi ‘ ‘z b 'l i "i . o il
Nitrogen atoms (sharp emissions) and T R 3| l i l

o hfs :

molecules (broad emissions) are visible.
. Credit:ESO |

1. Quokn Twv AcTEpwv




Daopoto moAAwV AoTpwv podl

An enlargement of the first Multi-Object Spectroscopy (MOS) observations with VIMOS showing a small part of the field shown in ESO Press Photo eso0209b.
The light from each galaxy passes through the dedicated slit in the mask (see ESO Press Photo eso0209k) and produces a spectrum on the detector. Each
vertical rectangle contains the spectrum of one galaxy that is located several billion light-years away.

The horizontal lines are the strong emission from the "night sky" (radiation from atoms and molecules in the Earth's upper atmosphere), while the vertical
traces are the spectral signatures of the galaxies. The full field contains the spectra of over 220 galaxies that were observed simultaneously, illustrating the
great efficiency of this technique. Later, about 1,000 spectra will be obtained in one exposure.

Credit:ESO

1. Quokn Twv AcTEpwv
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http://www.eso.org/public/images/eso0209b/
http://www.eso.org/public/images/eso0209k/

Morgan, Keenan, Kellman (1943)

http://ned.ipac.caltech.edu/level5/

http://nedwww.ipac.caltech.edu/level5/ASS_Atlas/frames.html
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http://nedwww.ipac.caltech.edu/level5/ASS_Atlas/frames.html
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To Xpwpa TwV ACTPpWV

Qaopat
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T ot (K) _50'000 _28'000 10,000 7,500- 6,000- 4,900- 3,500 -
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MeyeBoc og meployn tou
dAOHATOC

m. =-klog {2, , F(A) dA}




AelkTNC XpWHUOLTOC

B-V
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ALéL\'(pauua He'rtzsﬁrﬁn'g-ﬁussell

. ALOvaOLp:p.G)t H-R dlagran’):

* HRD, Atavpauuoe Xpwpatoq-
LEVEBOUC A

=telalals " ev s

* 1910 Ejnar Hertzsprung Kat
Henry Norris Russell
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Spectral class

Figure 19.17 Irn FHHenry Norris Russell's orniginal diagram, he
plotred stars according rto absolure visuwal magnitude and spectral
class. The dwarf sequence ( now called the main sequerice), which
includes the Sun, goes from lower right to wupper left. The giant
Dbranch scatters owt toward the wpper right. One white dwarf sits at
bottorm left.
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Spectral Clas
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http://www.atlasoftheuniverse.com/hr.html
http://www.atlasoftheuniverse.com/me.html

Hertzsprung-Russell diagram. A plot of
luminosity (absolute magnitude) against
the colour of the stars ranging from the
high-temperature blue-white stars on the
left side of the diagram to the low
temperature red stars on the right side.
"This diagram below is a plot of 22000
stars from the Hipparcos Catalogue
together with 1000 low-luminosity stars
(red and white dwarfs) from the Gliese
Catalogue of Nearby Stars. The ordinary
hydrogen-burning dwarf stars like the Sun
are found in a band running from top-left
to bottom-right called the Main
Sequence. Giant stars form their own
clump on the upper-right side of the
diagram. Above them lie the much rarer
bright giants and supergiants. At the
lower-left is the band of white dwarfs - 00001
these are the dead cores of old stars
which have no internal energy source and
over billions of years slowly cool down
towards the bottom-right of the diagram.

10000

0.000m
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AQO0K,
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23000 aotpa tou

KATAAGYOU TWV
HETPHGEWV TOU
SlaotnponAotou
Inrtoypyo¢ Ko Tou
kataloyou Gliese
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Colour (B-V)

(Temperature]
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<— Temperature

10 Stdypapupa Hertzsprung Russell duo avolktwv opnvwy, M67 kat NGC 188, mou €xouv
SLapopeTIKES NALKLEG Kal TO onpelo Ttou amokAivouv SladEpel, eVOELKTIKO TNS NALKLaC Touc.
2xAua urtd Worldtraveller.
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http://en.wikipedia.org/wiki/Open_Cluster_M67
http://en.wikipedia.org/wiki/NGC_188
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Spectral Class
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T

10 Staypappa Hertzsprung Russell pe petapfAntouc aotepec, eltkova Rursus
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http://commons.wikimedia.org/wiki/User:Rursus

Tycho 2 CMD
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10 SLaypaupo Hertzsprung Russell pe toug vavoucg
QOTEPEC ME YOAAILO KOl TOUC YIYOVTEC UE KOKKLVO XPWUOL
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Oepuokpaotiod

>25000K

10 000 - 25 000 K

7 500-10000K

6 000 - 7 500 K

5000-6 000K

3500-5000K

<3500K

Xpwpa [paUUEG
, AlwTtou, avbpaka,
KUOVO ,
HAlou, oéuyovou
yaAadllo HAilou, ubpoyovou
AEUKO vbpoyovou
LETAAALKEC:
, oibnpo, Titavio
KLtpvo P ! ’
aoPeoTlo,
OTPOVTLO, LOYVIOLO
acBEotio, HAlov,
KLTpLVO uOpoyovou Kot
LETAAA WV
MetaAAwvV Ko
Kitplvo-mioptokaAl o&eldlou tou

TLITaviou
MeTaAAwV Kot
gepuBpo o&eldlou Tou
TLITaviou
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http://fr.wikipedia.org/wiki/Type_spectral

A 0(6'5 ’ ’ HD 12993
€/ QS. [J.(ITOGKOT[L(I (XO'Tp l{)D\ABBSQ
86 OBAFGKM HD 30564

A1 Craoit & CogogvriMRe HD 116608
A5 KPNO 0.9-m Telescope, HD 9547

AT RgATT N=OFATOm N S F
FO : HD 10032

F5 . U BD 61 0367
GO i | HD 28099

G5 DI TE. HD 70178

Ko i . HD 23524
K C0 [ SAO 76803
MO0 HD 260655
M5 Yale 1755

F4 metal poor AT HD 94028

M4.5 emission SAQ 81292
B1 emission HD 13256
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H taélvopnon twv AoTpwyV EYLVE
aro tnv Annie Jump Cannon
(1863-1941) oto Harvard college

observatory
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oTo TEAOC Tou 19° awwva n Canon PE TNV opada TNG UE
™ xpnon dwrtoypadlwv avelvoe pacpoata 400.000
ACTPWV
KOlL TOL TAEWVONOE KUPLWC LE Baon TV mapouaotia
YOpoyovou, acBeotiov Kal payvnoiou
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4000 501()0 60100 70[00

The hydrogen Balmer spectrum is visible for most stars. &And
astronomers catagorized stars according to the strength of the
hnydrogen absorption lines in the spectrum in the late 19th centurys.

Apxika 6ev néepav
roLa eival n onupaoia
QUTNC TNC TAélVOUNOoNC
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H xnUeLa Tou cUUTTAVTOC KalL N
Cecilia Payne-Gaposhkin, 1900 - 1979

Me to d1daktoplko tne to 1925 dlamniotwoe
OTL 0 ' HAlOC KatL Ta dotpa ivol pTiaypeva
Qo Ta XNMUIKA otolxela Tt 'Ng

~90% H
~10% He

KOl
~1-2% oo ta fapuTEPA XNHULKA OTOLXEL

‘HABe o€ ouykpouon pe Tic avitAPeLg TG
ETIOXNG

[
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H xnUeLa Tou cUUTTAVTOC KalL N
Cecilia Payne-Gaposhkin, 1900 - 1979

e O Otto Struve eimne otTL 1O
S1OOKTOPLKO TNC ATV
adlapdlofninta to KAAUTEPO
S1OOKTOPLKO OTNV QLloTpOVOoLa

 Eddppooe tnv Bewpia rou
QVETTUEE 0 LVOOC PUCLKOC
Megh Nad Saha oxetika pe
TOV LOVIOUO KOl OUCXETLOE
TOUC GOOLATLKOUC TUTIOUC
TWV AOTPWV LLE TLC
Oepuokpaciec Toug
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Megh Nad Saha (N1 ATRJ

Nit1Ne 2 Git1 ex [_ (€41 — &)

T N ."1‘?' ; JECET

* n. €lval n MUKVOTNTA TWV OTOUWVY TIOU
Bplokovtal otnv i-00TA KATAOTO.ON LOVIOUOU
(loviopeva i dopEc)

* g €lval n kataotaon ekGUALCUOU TwV
LOVIOMEVD | POPEC LOVIWV

* g elval n eVEPyELA TTOU aTALTELTOL VO LOVIOOEL
EVOL OUOETEPO ATOUO KAl VAL YIVEL LOV TTOU
elvall i dopEc Loviopevo, SnAadn n evépyela A h2
TTOU QUTALTELTAL VAL XAOEL i NAEKTPOVLOL 2mmekpT

* n, elvaL n muKvOTNTA TwWV NAEKTPOVIWV
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Megh Nad Saha CNY N ATRJ

Mipalle _ 2 gin _ (€41 — &)
n; A* g; kT

A elval to BgpULKO UNKOC KUUOTOC EVOCG
nAektpoviou katad de Broglie

* m, elvat n palo Tou nAektpoviou

T n Bepuokpacia Tou agpiov

 knotaBepa Bolzmann

* hnotaBepa Planck

2mm.kgT
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Cecilia Payne-Gaposhkin OBAFGKM

* H Bepuokpoaoia
aAAAleL TOOO TTOAU TO

daoporTa Kat OxL n fead |11 Fle
XNULKN ocuoTaon Twy )] I 1
dotpwv | ] i, ||'|Jn']'||]s

| ,ILI....”_K

ool | M

Titanium Oxide-- Ciethyladine (CH)|.
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Cecilia Payne-Gaposhkin OBAFGKM

O B A F G G M
50000 20000 10000 8000 6000 5000 4000

OYAETEPO
YAPOIONO

IONIZMENA METAANA

ETAANA \\\

50000 20000 10000 8000 6000 5000 4000
OEPMOKPAZIA
O B A F G G M

* H Bepupokpaocia aAAalel TOoo TOAU Ta pacpata Kot OXL n
XNULKN oVoToon TWV ACTPWVY
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O B A F G G M
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Qaopatikn tagévopnon
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YniepBepua aotpa
O&BT>20.000K s

Cabon —— bee Molum

e Anouocia YpopUUWY LETAAAWY
* MeyaAn Beppokpacia => LOVIOUOC LETAAAWV

e JUVETWC OIouoia GAoHATIKWY YPALUWY LOVIWV HETAAAWVY
0TO 0paTo SL0TL epdavidovtal 0To UTIEPLWOEC KAl AKTLVEC X

e Toa NAEKTPOVLA TTOU LEVOUV OTa LoVIopEVA XpeLalovtal oAU
EVEPYELO VLA VAL ELPAVICOUV YPOAUUEC a0 HETAPAON 0 AAAN
otadun

 BAgmoupe H & He, C
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Temperature (K)

50,000 25,000 10,000 8,000 6,000 5,000 4,000 3,000
T 1

1 I

I | T

Strength ——

(OX] B AD FO GO KO MO M7
Spectral type
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Meonc Bepuokpaotiag
A, F, G, T=5.000 pe 12.000 K

 Epdoavifovtal HLEPLKEC ALKOUN

VPOAUHEG
* Anoottota O & B P e
. MétaMa B0 (i
* EvTovOtEPEG YPOUUEG B :..|,;;U.JJI'IW
vbpoyovou

e ‘Evtovec ypappec aocBeotiov
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Aotpa YapunAnc Bepuokpaotog
K&M, T<5.000K

* [lo ouvBeta paopata

* H Bepuokpaocia apket ya va
£XOUME akTwvofoAia amo
HETAAAA Kal epdavidovtal
TTOAANEC DOOLATIKEC YPOUEC

e Oteibla tou Titaviou
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Xpovoc (wnc aoctpwv

e Efaptatoal kuplwe amo tn pala
e KaBopiletal n Loxuc touc
e Kal n ouvoALlkn evepyeLa tou pmopouv a armodwoouV

 Ta aotpa {ouv To 80% TNC {WNC TOUC OTNV KUPLOL
akoAouBia

e —10 61c €tn 0 HALOC
* —10 ekatoppupLa €tn 10 M,
* —101tpLg€TNn 0,1 M,
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KaAutepa Paocporta
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AtaOAoon pwTtoc (N KUUATOC €V VEVEL)
http://openlearn.open.ac.uk/mod/oucontent/view.php?id=3986
44&sectionx2.1




MepibBAaon
N OXLOWN WG TnyN

Ita\o¢ duokoc Ppavtocoko MKpLUAAVTL 1665
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Imtensity

Single-slit diffraction pattern
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cruntar Noua Experi , & Radi
¢ | Experimenta. 6( ationes

\rgumenta in Primo addu®a,

loluuntur A
ﬂ:ﬂmm fle docetur Sententia,
de Accidentalitate Luminis.

Bl u‘ \ R . . . x . . 3
L o o b v
um » ac de Subfiantiali Magnetis eflunio emmin
ente s non pancs feitw digna proferuntury
Céram argumento impugnantur Atowiits.
g  VCTORE.
-ISCO MARIA GRIMALDO
DCIETATIS 1ESV.

s s THVYMVM
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PROPOSITIO L

Lumen propagatur [en diffunditur non folum Diredte,
Refraité, ac Reflexé, [¢d etiam alio quodam
Quarto modo, DIFFRACTE".

§le L0 £ 50 S8

A7 Altenus nonnifi tribus mo-
9 dis exerceri luminis diffis.
R fionem Optici communi.
ter agnouctunt , Direclé
BPR foilicer, Refracte, ac Re-
flexé, Certifimis namq; experimentis
obferuatum eftlumen per lineam quidem
1eltam propagari, feu diffundi,donec me-
dium,pet quosd deffunditur, maneat idem:
matare vero lineam. fea viam (v diffuGo-
nis , eama; cum fractione radi) inclmares
ad voam partem , flatim ac rranfitab vno
medioad alind, denfitarem habens diver-
fam i denfiiate medij prions, i tamen in
illud incureas obliqué : ac randem fuum
cutfum retro conucrrere per teflexionem,
quotiefcund; meidit in corpus dllivefiftens,
wec permitsens vltesiotem propreflum.

L-J.'.'.‘: :

G

3 Exempli gratd 3 luminofo A de-
feendat lumen per radium AD, obliqué
incidentem fuperficier planx, ac polie
corporis aliculus diaphane, que it CD+
erit enim diffufio luminis per radm ARB.
teltdlima , quia ille totus tranfit per vii-
cum medivm. At quia deinde mutatur
medium,idem lumen non perget anplits
reti per radium ARE, fi corpus drapha-
tum de nouo occucrens duerfam babue-

tit denfitatem ab ea , quam habet cocpus
item diaphanum,pet quod radius AB. de-.
feendit. Quin imma i tranficus fiae 3 me-
dio rapore ad denfius , radius refomgetar
versis perpendicularem , hocett vesis
lineam reélam, qui concipiatur educi per
punélum sogrefstis By ita vt faciar cuon fu-

thicie CD, angulos omnes mquales . At
i eranfitus fise 3 medio denfiore ad tavivs,
radius Helletur, fea refringetur ad partes
contratias , magss tecedendod prxdicia,
pependiculart.

3 Popamus fam corpus CDGiin quod rum in s
radins incrdic effe cryflallum y a€tems ve- de dinfers,

10 efle illud medium prius, per quod de-
Huir radios AB: & quia crylallum eft qui-
dem diaphanum , denfius amen quam.
at; propterea fumen relicta via BEalam
inflituet viciniorem linex perpendiculari

BHl, & procedet pec Bl. E contrand i Tam is re-

e,

corpus CDG ponatur eflfe rarius, quim,
medium CDA, radius AR alioqu recti
iturus per BEs perget pet retam Bl remo-
tiorem  prrdsta perpendiculin BH, &
ipfe patius refraclionem, hoc eft obliqua-
tiopem 3 re@itudipe vix, quam priis te-
nebat. Cateriim fi tadivs perpendicula-
piter incideret fupes Ficici C[). vifacitres
da MB, tenderet abfa; vila refraltiones
per viam femper tectam in H.

4 lam verd fingamus corpus CDG

efle opacumy, ac fJumimni imperusem : idem £r Refes

enim [amen incidens fup tficiei CD, ciim
non pollit vilo modo viteriis progredico-
verur flecti retroifum aliquatenus contta
uminofum A, Etfi quidem incident pet-
pendiculatiter , ve facit radivs MB sefie-
Qewrin feipfom per eandem viam , qua
venit: Siverd obﬁquémcndnn » vt facic
radius AB, refleCtetur ad partes oppolitas
A pec
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fealtum refilit ad lateta, & format ucidos
| illos tractus. :
| Sed nea; hoc fullineri potef? , tam quia
modicnn'iifa perfpicuiras etiamfi conceda-
| tuz,000 eft tamen dicenda xqualis in om-
[ nibus opacis, aut femiopacis , qux in pr-
dicto cono lucido inferuntur , & qux om-
nis ex xquo efficiunt » fen deserminant lu-
| minofos tractus iam dictos, qui, veexpofi-
" cum fuit, funt femper ciufdem magnitudi-
I nis, habentqieandem interuallorum men-
[ faram, iue magisfiue oiinis petfpicuum
I fitcorpus illud imperfe&td opacum »quod
" infetitur in cono lucido ¢ tum quia refea-
- Qio ad vnam tantummodo partem Beti
potelt, a lumen lacidas illas fesies for-
mans Aefliturad viramque partem polt
opacum infertom cono, eafg; pingit, tim
fupta lucidam bafem, quim fupra vim-
‘bram 3 pradifto opaco , vel femiopaco
i ;;me:&am . Exgo lumen iliud non eft re-
raflum.
. Hatenus probata fuit Propofitio pee
 ea,qua obferuata fant circa feries leminis
. principales, propd vinbram appatentes.
e 24 Probatueiam eadem Secunda Pars
v Propofitionis Arniliter ex cbfetvatis circa
lucidas ferics fecundi generis, qux feilicet
fuper ipfa ymbra confpicux funt modo,
D% fam fuprd expofito & mumr.14. Quia nimi-
?g rum ne ille quidem fieri poffunt 3 lumine
[ Diteélo,neq; 3 Refialto, neq; 3 Reflexo,
|1 eafdem prorfas ob caufas , quz pro ptimi
)

N
L

generis feriebus allave fuerantvt confide-
- ranti ffarim patebit. Quinimma longils
abeltveillz dicantur pinyi 3 lomine Dire-
| €lo, quiainter fpfas, & foramen lumini
| pemigm intereedit in linea refta opacum
thlud, quod proijcit vmbram , & confe-
quenter non poteft ex foramine illo dirigi
 radiusad eas in vmbra formandas. Non

~ apparet praeterea vllum corpus , quod vel

. telle®at versis ymbram. przdi}hm Ju-
men illud, quo fecies ilkz pinguatar. Ergo
nullp ex dictis tubas modis propagationis

PROPOSITIO L

9
fitrefrallum ya eliguam refle-
Ti:tn»e;d:btliamm 1 Sz:umiﬂio illa die
gnduﬁ.lmndcoriti.v: podtea explica-
wr.

Experimentars [ecundum .

af A in fenefira lignea cubiculi
bm: obpfg:?ati foramine sfcxé digitalis
craffitiei, applicetur ei lamina opaca fubtis
lis AB, per cuius foraminuld arcillimum
cD SoE:lnmm admflum formabit fe in
conum: hic verd inmagna diftantia polt

laminam AB ad retos angulos fecetur ab
alialamella EF , habente pariter foramen .2
paruom GH , per quod endrmux aliquid Jase %
de prediclo luminofo cono e

EF, vtig; in loco vbi eius bafis valde fupe-
rat amplitudinens foraminis GH, vrita i
ramen hoc totum illuftretur , feu lumine. faanm mee
compleatuz. Rutfus ergo hoc ipfum la- s quim s
minis, quod ingreditur fecundum fora- fufe dmwels,
men GH, formabitur, few procedet forma-

tum inconum , vel quafi conum, qui fes

&us ortbogonaliter , ac terminarus ab alis

quo plano mundo , & candido , exbibebit

in o fuam bafem lucidam IK potabiliter

malofem » :gu\m ferant radi) per virumq;

fom'ncn rel3 tranfmiffi , & non folim.

 lumen ad enproFsym i foramioen,
. quimuis certom fit, eas de fao fuper
1 vmbra formatas effe vi luminis per prxdi-

- Qum foramen ingredientis . Denig; licét

tes per extrema foraminum ad
cafdem partes fpedtantia , ve fune radi)
CGL, & DHM ; fed etiam ad pactes con=
trarias, ve (unt radij DGN, & CHO.

~ earum Jumen fix valde remiffum prz illoy
 quod efficitexteriotes,ac pracipuas feries
i, ; von tamen hinc fic ¥t carum lu-

1d verd cooftitiemanifefié repetico fx- Remels i
pius experimento, obfernando pimirumu (el "
quantade facto ;&( bafis IK uppm &

PROPOSI
_bentiem, radif pes voum diaphanum al-
lapfi ad alrerum yaliquam divifionem.
patntat, & partin quidem reflectun-
t=, partim verd cam viteriosi tranfity
" refisguntur. Resadeocerta eft,ve fuf-
&i.&ducnclmm‘ .{ lnmm::’,m
1es icti prifmatis egrediun-
g: menim poteni dc[s bendi
illis pracedenti facie reflexas fuilles
ferwatis legbus refiexionis , de quibur
Opuci, & quas sutulimus ad Propefi17.
1verd fx(:‘hmé cognofcetur fi primas
facies ABopaco aliquo tegatur,folo par-
wloramine G aperto,& obferuetur pet
geodnam punétum faciei fequentis
egrediatur radiatio , & rurfus per quod.
ram deinde i facie fequenti AC egre-
distur eadiatio reflexa ex facie BCac
deigs per quodnam in facie AD egre-
diws aha radeatio refiexa ex facie AC:
cemparando enim loca tahum egrellud
ndutocis, deprehédetur illam fic proc-
fu difponi , vt exsgunt regule reflexio-
nis.

Cgterltm hre magis certa reddentur
fivvs dictum e ad Propafit. 300 wwm: §.
facies AC afperabitur, perfiicando eam
fsbubs craffiore . Sic enim radiatiowqug
ewbat per faciem AB,ceffabit, perdu
tante tamen ¢a , qux efteditar per BC,
’m! clt eurdens fignum tadustionem.

i, quae ceffag, prrs fusile reflexam 3
fice AC, dum hzc etat lewis ,ac benes
teifatsdeoqy folim cellare, quia reflexio
Hlimpeditue ob pradittam afperatio-
rem faperficiei AC .

9 Ponaturiam ex Sole DEF defcé.
~ dese lemen ad prifmatis faciem AB, ¢
£ predicla debita obliquitate dlliexpofi-
tam« Et quea radijab eodem Solis pun-
. toad totam faciem prifmatis defcen-
i dentes , funt ad fenfbm paralieliob in-
7 teotem diftantiam Solis ac pratereas
» @ilen paralielfmyum feruant radi) prx-
dltipolt quamcungyipforum reflexio-
mminoa cryallum planue, & poft re-
fadionem extra fadlam, v facile Opri-
cus quinis incelligery idcirco fuffiose
coafidetate radios per voum derermi-
eitem pandd prifmatis ingreflos , nam
Gund de ali# eueniat pozent ftatim intel-
lgob pasallelifmam pixdictum . Imd

TIO XXXF. 257

fatis ecitin Sole determinare tria run&:
ad predidtum fuperficiel cryftalling pG-
Aum radiantia, vaum in centeo , & reli-

qua in extremis lateribus Solis , pofita
in eodem plano cum pradidda prifmatis
k&mg ABC. i g

10 Sintigitor ex Solis centro D
ex latenbus E, F deanff radi) ad G, pis- L e g
&um in fupesficie cr)ghlliniipzllmuis zz;' ";
wigond, qui ante ingreum quidé xqua-
lnﬂuhmmm insr:t fe atpolt ingrel- o
{um per G , refrali versids perpendicu. peliieg
larem, procediitcum interuallo ingqua.
14 00 qudd l:cée xquales fine diffecentiz
mtet inclinanones aadiorum DG, EG,
G fupra fapesficiem AB; funt tamens
inzquales ipfotum cefractiones , & in-
zqualia etiam increméta refractionum,
nempe maiora pro radijs cain maiod
inclinatione incidétibus : Etenim radius
ditelus EG reftnpiturin GH , & dite-
Qus DG magis inchiatus maio€ etiam
patitug sefiactionem , teaditgy in 1,829
ditedtus FG adhue magss inclinatus ma
jon quog; tefractione Helitur vessis
K, fed ita v exceflfus refiactionis radij
GK fopra refractionem radi GI, maior
fityquam excelus refractions radij eiuf-
dem Gl (upra refractionem radi GHyve

tica experimenta conuincunt. Igitar
minus eric intecuallum inter GK . & Gy
quim inter G, & GH: & differeatias

Kk bxc
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262 PROPOSITIO XXXV.

Coter mions 12¢inde color tubeus ad eam. patem.

wd poreé deae AppAtetyad quam lumen eft magis in-

form, carn- tenfum, feu conflipatum; cxruleus vetd

rorme | ad eam,yad quam lumen temiffivs eft
mapifq; dilatatum : nec dubium elfe po-
tefl, quin rubeus color it mags lucidus,
atq; hilagis , quim cxruleus, quiin cafa
expetimenti fpeflatur. Argumentam.
boc certiflimum eft ¢x obferuatis ceipla
4 nobis fapiffimé, & sbunde iam expli-
catis in expofitione Experimenti huius
Scenndi, prafertim mem., 13- 17. 0 18
vbi fermo fuit de duabus radiationibus
LKHN . & ZVYE, qux folz cuadunt
malticol & denfius habent [umens
ad partes KL, & ZV, vbitubefcunt, ra-
rius autem ad partes HN,& YE,vbitin-
guntur colose caruleo, fed obfcaro, Ce-
terlim quicung; in prasi Experimentum
explorabit, Argumenti vim oculis ipfis
illico percipeet.

Tertiem Experimentnm .

33 Incryllalling lente fphxrica AD,
fie pars CD detelta , & durecié , arq, or-
thogonalite oppedits Soli, cuns intega
quidem hemufphrrium intelligatur fa-
diare fuper totam CD 3 (ufhiciat tamen..
hic defignare tadsos a centro Solis,& ab
extrenns efirs marginibus defcendentes
ad vrrumq; lentis detelx extremum D,
& C. lgitera centro Solis venrant radi)
ED, & EC, qui phyficé , & ad fenfum.
paralieli funt ob nimiam Solis diflitiam

.}:ff_ = comparatiué ad latitudinem lentis CD :

1 rwlinene 3 mazgine avtem voo defuitradi GD,

e maditer fe GC, #¢ ipli inver fe paralieli phyfice;
e pualte s 5 a

Jotit anye & A reliquo margine Solis cadant item

paiivne,” duo FD, FC fimilitetinter fe paralleli.

Pocrd hi omnes radij in ingretu refra-

&ti, magis vel minils pro maiosi, vel mi-

nosi inclinatione splotum fic inciden-

tium, perganit deinde reti, viq; ad vlo-

mam fupecficiens lentis: &illi quidem,

qui per voum punétom ingiefli funt,

procedant conftipari inter fe magisad

vnam pattem, Guam ad alteram,ob pig-

cur drinte it inequalitatem incrementorum.

insguativer inipfa teftadlione . Videlicet GD per-

m‘!" s pacio H,EDin I, & FD in K; ita vt licet

difiereotiz Inclinationum in radijs pex-
diétis eidem punlo meidentibus,rqua.
les fint; poft ingrefum tamen differcn.
tix Refradticnom fint ingquales,nempe
matores versis partem DK, quam ver-
sus DH, fiquidem exp ta contin.
cunt efle masora inciementa reftaclio-
nom in tadijs refraclis DK, DI, DH,

Gll;r Gig;’?
!
i
1

' 4 " * ...... \‘
/ /__ Y
('R B 5

0im incrementa Inclinationum in ra-

ijs incidenubos FD LED, GD; ex quo
manife@é fequitar , tadios per D ingref-
fos reddi conftipatiores ad partem DK,
quim ad patrem DH : quamobrem ent
inter DK , & DI miniis fpatiam , quim
inter DI, & DH..

13 Eadem ratione radij  centro So-
lis, & ab extremis eius marginsbus de-
feendentes ad pundum C, & squal-
bus Inclinationan differentizs meiden-

ante ingrelfam per learen cryflalbinam

tes fupesficiei ACD, poft ingreflom ta
men
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To LOLo ETILITUYXAVETOL LLE AVAKAQON
aTtO TIOAAEC OVOKAOLOTLKEC ETILPAVELEC

THE REPLICATIOM PROCESS

s , ,
i @‘ 1. Quotkn Twv Actepwv 145
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To OO ETULTUYYXAVETOL E OVOKAOLON
QTtO TTOAAEC AVOKAOLOTLKEC
ETILPOAVELEC

Zrating

Normalto ~ Normal  Diffraction

Groove Face _ Radiation
' T4 “0" Order
\ ' f Radiation

Incident
Fadiation

* d
Blaze Arrow

GRATING ANGLES AND TERMS

e

(5 : :
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To LOLO ETITUYYAVETOL LLE AVAKAQON
aTtO TIOAAEC AVOKAQOTLKEC ETILHOAVELEC

grating
normal

ris
R
-

2UVOnNKN
ouuPoAnc:

d(sina+sinB)=nA

http://openlearn.open.ac.uk/mod/oucontent/
view.php?id=398644&section=2.1.3
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daopatoypadoc

diverging collimated collimated
i polychromatic polychromatic monochromatic beams
beam am each in different direction

- >

spectral

image
telescope ’ _ | plane
focal collimator prism (or grating) camera
plane

| !
(b) 3
L

blue green red
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8 m Gemini (North) Hawaii.

* 40 cm Schmidt-Cassegrain
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Meghnad N. Saha, to 1920

Nwc aA\alel n KotaoToon

LOVIOMOU KATIOLOU XNMLKOU
OTOLXELOV OTNV OTHOOPALPO EVOC

aotpou yla Sedopevn
Oeppokpaoia Kol Tieon

Nﬂr . 22;; (2’I’T?ﬂaEkT
N  n.Zi h?

3/2
) e N/RT

% 1. Quolki Twv Actépwv
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Meghnad N. Saha, to 1920

ET ~ Eionize — Em — El

[M0ocO0TO ATOUWV
o€ KAOe
EVEPYELAKN
Kataotoon

n, 0 aplBuog twv
eAeVBepwV NAekTpOViWY
X n eEVEpyELa LOVIGUOU
oo tnv ootk otadun

WD 1. Quolkn Twy AcTépwy
|
|

Z - 91 —|— Zgjg_{Ej_El)/kT
j=2

N“f QZJ” 2?T?H,EkT 3/2 —x/kT
TI B REZ;( h2 ) c
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Hydrogen atoms in a stellar atmosphere with P=288 dynes<sq.cm.
T T T
ratio ionized<sneutral —&—
ratio n=2s-n=1 —+—
{1 |fraction in n=2 (times 180,808 o]
B.8
B.& [
B.d4
B.2
(2 EE—E—nu—a—a—i
1 l l
5] S@ana8 1aaEn 15088 cEHEE
Temperature (Kelwin
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1)
i+ 1Tle 2 Gi+1 exp
A3
n; A O;

[E:'+1 = E:‘)
kgl

n; N TIUKVOTNTA TWV ATOMWYV LOVIOUEVWV | GOPEG,

g. elval oL EKGUALOUEVEG KATAOTACELG TWV LOVIWV |

e, €LVOL N EVEPYELQ TTOU QTTOLTELTOL VOl LOVIOEL TO ATOUO OF

KOTALOTOON |

N, N TTUKVOTNTA TWV NAEKTPOVIWV

A\ To pnkog Broglie tou nAektpoviou
m, n pao Tou nAektpoviou

T Bepuokpaoia agpiou

kg n otaBepa Boltzmann

h n otaBepa Planck

1. Quokn Twv AcTEpwv
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1802, William Wollaston ¢acpata nAlov €xouv
OKOTELWVEC YPOLULULEC

1814 Joseph Fraunhofer kaAvtepa pacpota
(600 OKOTELWVEC YPOUUEC)

1864, Sir William Huggins TauTl(EL TIC OKOTELVEC

VPOLULULEC QLOTPLKWY GOCUATWY HUE YPOMUMEC
EKTTOUTTNG XNHULKWV OTOLXELWV
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AopOTO AOTPWYV TOoU Secchi, yupw
oto 1880

T1. page 89 Pl
> S - 0 E b

&

2

Typre
Solawrv

Type !

Swrenes

Type 3
a /Irum

Typed
o Hercule

T\'pos divers des spectres sltellaires
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http://www.obspm.fr/
http://www.obspm.fr/

de Paris

Awpidec mAatouc o Qaopata AcTPWY

+'-I Ca'lll HI | IH | Fe III Fell

WY — ruf
RN | I
am| | I . |
vl [ 2 n
a2 [MRMNNNNE O (010N A

380 400 420 440

lambda (nm)
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‘ .
) ' Neutral lonized Neutral
2 lonized s Helium ’Hydrogcn Metals Metals
- Helium
N I
s |
n
i -
Standard Stellar o
c
Types (O, B, A, F, v o\
v (\‘
7)) Oy
G, K, and M) 0 A
&
= "c)
o
v
% L e A - - - -
0 8 A F G K M
Spectral Class
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Annie Jump Cannon,
Harvard Observatory
Director Edward C. Pickering,1890
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Sirus
Deneb
Procyon
Algemb
Sun
Arcturus
Aldebaran

Betelgeuse

8,000K
7,000K
6,500K
5,700K
4,500K
4,000K

3,000K
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Logarithmic brightness
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AdOovia YNHLKWV OTOLXELWV oTA
aotpa

Cecilia Pay}ne
(1900-1979) , , , ,
Payne amedelée ot n peyain petafoAn twv

VPOLLULWYV armoppodnonc ota GACHOTO ACTPWV
odeileTal otnv tepaoTia Stadpopa
Beppokpaoiac Kol TS €€ AUTNC LOVIOUMOU TWV
XNHULKWV OTOLXELWV KOl OXL 0€ SLAPOPETIKN
adBovio TwV CTOLXELWV TTOU UTTOOTHPLEE OTL
gxouv tnVv WoLa adBovia onwce n 'n poc.
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Taéwounon kata Harvard HD 12993
B HD 158659
B HD 30584
A1 HD 116608
A5 HD 9547

FO HD 10032
F5

60 LT T .

BD 61 0367
W HD 2809
65 TIT T HD 70178
Ko S T HD 23524
Ks e N SAO 76803
Mo | . HD 260655
M5 Yale 1755

F4 metal poor | . HD 94028

M4.5 emission SAO 81292
B1 emission HD 13256




ta&elc Aauntpotntac kata Yerkes :

* |la Aoumpoi UTtEPYLYAVTEC
* |b Aaumpoi umtepyiyavteg
* Il Aapumpoi yiyavteg

* |ll ylyovteg

* |V UNOYLYOVTEG

 V aotpa kuplac akoAouvBioag (vavot)
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la Aaunpol unepyilyavteg
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| Aapurmpol yiyovieg ¥
n yilyowvteg
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http://en.wikipedia.org/wiki/File:HR-diag-no-text-2.svg
http://en.wikipedia.org/wiki/File:HR-diag-no-text-2.svg

Spectral Intrinsic Temperature : : :
P : Prominent Absorption Lines

Class Color (K)
O Blue 41,000 He+, O++, N++, Si++, He, H
B Blue 31,000 He, H, O+, C+, N+, Si+
Blue-
A white 9,500 H (strongest), Ca+, Mg+, Fe+
F White 7,240 H (weaker), Ca+, ionized metals
G val:]?:: 5,920 H (weaker), Ca+, ionized & neutral metal

Ca+(strongest), neutral metals strong,

K Orange 5,300 H(weak)

M Red 3,850 Strong neutral atoms, TiO
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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

1. Duotkn Twv AcTépwy 168
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>NUElwpa lotoplkovu Ekbooewv Epyou

To mapov €pyo amoteAei tnv €kdoon 1.0.0.
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>NUElwpa Avadopac

Copyright EBvikov kat Kamodiotplakov Mavenotipuwov ABnvwy, =evodwv A.
Mouaoag 2015. «Elcaywyn otnv Actpoduoikn). Quotki Twv ACTEPWV».
‘Exkboon :1.0. ABriva 2015. AwaBeoipo amo tn diktvoakn dtevBuvon :
http://opencourses.uoa.gr/courses/PHYS1/

d 1. Quolkn Twv AcTEpwY
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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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