


Eloaywywa oxoAla yia tnv Onpoupyla ypappwy
amoppoPnonc 0 ACTPLKEC ATUOOPALPEC

» 210 EEWTEPLKA OTPWLATO TOU AOTPOU (ATHOohaLpa) UTIAPXEL ONUAVTLK
BaBuidba Beppokpaociog Kot To TEOLO AKTWVOPBOALOC YLVETOL OLVIOOTPOTILKO.

»>2€ XounAotepeg Beppokpaoieg Ba EXOUpE ATOMO KOlL LOVTA TIOU HTTOPOUV VAL
ArtoPPOProoUV dLAKPLTEG CUXVOTNTEG APALPWVTOG EVEPYELQ OTTO TNV
eEepPYOEVN AKTIVOBOALO OTLC CUYKEKPLUEVEC CUXVOTNTEC.

»Eotw otL pwtdvio ouxvotntag v, anoppoddral oo Eva ATOHO TO ONoio
dleyeipetal o€ pla avwrepg EVEPYELAKN 0TAON. ATTOSLEYELPOUEVO TO ATOUO
EKTEUTTEL HWTOVLO 8Lag 1 OLaOPETIKAG EVEPYELAG, OE TUXaia KateuBuvon.
AUTO TO PWTOVLO UITOPEL VO AAANAETILOPACEL E TN OELPA TOU KOl TEALKA VOt
OPOATETEVOEL ATIO TO AOTPO HE OLAPOPETIKO V a0 TO APXLKO V,. AnA. evepyeLa
adatlpeital otn dlakpLtn cuxvotnNTA vV, KAl EVATOTIOETAL OTO CUVEXEG.

> 2TN TIPAYHLATIKOTNTA, OTIWG EXOUKE NdN avadepeL, n arnoppodnaon yivetal oe
pHiot TLEPLOXN CUXVOTATWY yUpW aTto TO V,. OO0 oU{NTHOOUHE TIWG TIPOKUTITEL
TO TIOPOLTNPOUHEVO TIPOPLA TWV YPAUUWY AtoppoPnonG 1oV TTAPATNPOUUE
OTa AOTPLKA dACHATA.



[evikd akoAouBouvtat dUo HOVIEAQ yla TN
nepypadn TNG SnUoupyiog Twv YpOoUHwWV
anoppodnong.

() to povtédo Schuster-Schwarzschild: ot
vpauusq omoppocbr]cr]q Oewpeitat  otL
nmapayovtal o€ €va  AEMTIO  OTpwHA
«avaotpodnc» (reversing layer) mou keitat
noavw amno tn pwrtoodapa. H dwtoocdatpa
uTtoTIOETAL OTL EKMEUTIEL CUVEXN OaKTWOPoAla
(LEAOVOC CWUATOC).

TO pOVvTEAO QUTO E€lval OPKETA KAAO Yyl
VPOUUEC TIOU ocbei)\ovrat oe owpatidla
(Kuptwq ouéstepa atoua KoL HopLa) Tou
unopouv va UTtapyouv povo ota Juxpotepa
OTPWHATO TNC ATHOCHALPOC TOU ACTPOU.
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(B) MovtéAho Eddington-Milne: oto HOVTEAO QUTO N GUVEXNG EKTTOUTTH Kl
VPOLLLLLKA omoppocl)r]or] ouuBaLvouv oto 6lo oTpwua TNG atuoocboupaq, To
uovre)\o QUTO armoteAel pla KAAUTEPN MPOOEYYLON VLA YPOAUEC LOVTIWY TIOU
QTALTOUV YeVIKA PnAoTepeC BepLOKPAOLEC.

YroBEtoupe oto uovrs)\o aUTO OTL 0 AOyOoC ToU ouvre)\eotn arnoppodnong
ylo. omoladnmote ouxvoTNTO HECO OTN vpauun anoppocbnor]g TPOG TOV
OUVTEAEOTN amoppodnoNnNG TOU OUVEXOUC YUPW armo Tn YPOUHN Elvol
oTaBepoc yLa OAa ta atpuoodatpka fadn.

(Autl mpodavwe eival pia amAomolnon mou OEXETAL TO OUYKEKPLUEVO
LOVTEAO, KABOTL O AOYyoC autoc KabBopilletal oTn MPOYHATIKOTNTA OO TLC
SladopeTkEC ouvONKec Tiieong kol Oeppokpaociac ota  OladopeTIKA
OoTpWHATA TNG ATUOCDALPAC).



Mpod\ ypappwv

»To oYfpa HLOG YPOUUNG O €va SLOYPOUMO EVIOONG ) PONG CUVOPTACEL TNG
ouxvotntac (N Tou HKouc KUpaTocg) AEyetal tpodiA TNG YPOUMUAC.

»To npodiA pLag ypapung cuvoeetal oteva pe tn petaBolr tng adtadavelag k, pe
TN ouxvomra Mpaypoart:

Eotw eva Aertd atpoodatpkd oTpwpa axoug Ax petafy Katakopudwy ontikwy Babwv
T, KOL T, (TO T, avtloToEL 0To oTpwpa YnAotepa otnv aruoccboupa)

H otoweiwdnc petafoAn tng evtaong Aoyw amoppodnong ival
S ’ | — -
dl, =~ 16, 1, (S)ds = 1,(8) = L (s,)exp [~ [7 1oy p(s)ds'| = I, (s5)e ™™

[l A PKETA AETTTO OTPWUO UTTOPOUUE VOl Bewprioou Me TNV a&acbc’xvsta otaBepn, omote

T,(s)~a, Ax = Kk, pAx kot emutAéov (ylo apketd pkpd Ax) ot 1,(s) << 1, omnote
QVAMTUOCOULE TO €kBeTIKO katd Taylor kat rmaipvoupue

I,(t2) = L,(1y)e " vPe*
~ L, (71) (1 — K, pAx)
L, (t) — I,(71) = —K, pAxI, (71)

Autr) n oxeon pog AgeL OTL n peiwon tng evtaong kabwg n aktwvoPolia Staoxifel To
AETITO oTpWA vl availoyn tng adladavelog .



O ouvteAeotnC amoppoPnong yLa LLaL CUYKEKPLUEVN LETABaON — PUOLKN
dlarmtAdatuvon YPARUAG

MrmnopoUME va TPOOEYYIOOUKE TO MPOPBANHA MTPWTA KAQCLKA

Yo tnv enidpacn evog eEwtepkol appovikol nAektplkol mediou (Tou mpooTinmtovtoq
dwtoviou, cuyvotntag w) //Z , to 6€oLo NAEKTPOVLO, e GUGCLKH CUXVOTNTA W,, EKTEAEL
eCavaykaopevn amoofuvopevn TaAdviwon e ouviedeotn amoéoPeong y (radiation
damping, anwAesla evépyelag AOyw oKTVOBOALOG OTTO TO ETILTAXUVOUEVO NAEKTPOVLO).

mz + mw3z + myz = —eEye'®t (6nou m n pdda tou nAektpoviou, € n armdAuTn TuA
d) ! }\ ’ _ 2 62 (1)2 . 87'[2 ez VZ)
ToU popTiou Tou NAekTpoviou, KaLyY = — =
P 4 P 14 3¢c3 m 3 mc3

ATIO TN HEAETN ATIOCBUVOEVWY OPUOVIKWY TAAQVTWOEWVY TIou €idate otn Mnxavikn Kol
KATIOLEG IPOOEYYIOELG (W~ W)

kotaAnyoupe otn oxéon (&ev Ba kavoupe 6w tnV TANPN anodeLen)
e? y/4T

Kvp:mc (V=v0)2+(y/4m)?2

(*), orou N o0 aplBuoC TwV TOAAVTWTWY 0T Hovada OYKou.



EtoL katalnyoupe og eva Podil ypappung cav autod mou
daivetal oTo MAPATTAEUPO CX QL.

To péyloto Babocg tng ypapung npodpavws cupPBaivel otav
vV = v, onoTe 0 opovopaothg yivetat =(y/4m)?.
To Hod tou péylotou BaBoug cupBaivet 6tav (v — vy)? =

(ﬁ) = v—v, = Avyy; =L kau 1o full width at half

maximum sivat FWHM = y/2m.

2UVOPTACEL TOU PNKOUG KUUATOG: Ay /p = VC—ZAvl,Z

AapBavovtac umnoyn kBavtopnxavikee OSopBwoelg, n

oxéon (*) ylvetat:
62

” _ e f [rag/4m
vP mc (v=vg)2+([[aq/4m)?

OToU f 0 apPLBUOG TWV EVEPYWV NAEKTPOVIWV ava anoppodov
atopo (> oscillator strength) kat o cuvteheotng I MpokUTTEL
Twpa amno Toug ouvieAeoteg Einstein.

= 0.000118A
FWHM=2x A, ,,=0.00024A




AtartAatuvon Doppler

To pawopevo Doppler Aoyw Bepulkwyv KIVACEWV TWV ATOMWVY (LOVIWV KATT) €lval €vag AAAOG
LNXaVIoHOC SLlelpuvong TwV MApATNPOUEVWY YPAUWY artoppodnonc.

Eotw €va Aemto otpwpa omou KupLapxel LTE, pue Bepuokpaocia T.

Miot omoladNTOTE XPOVLKN OTLYMA, TA ATOMO TIOU OTTOUOKPUVOVTOL Q0 TOV Tapatnpntn
armoppodouv PAKN KOUATOG Alyo MeEYOAUTEPO QMO TO M.K. TOU KEVIPOU TNC YPOUMNAC, EVW TA
dtopa mou TAnolalouv Tov MoPATNPENTH UKPOTEPA W.K., cUpdwva pe tov tumo Doppler (un
OXETIKLOTIKN TtEPLITTWON):

Al __ Av _ v

== OTIOU N CUVLOTWOO TNG TaxUTNTAS V) MOPAAANAQ TTPOG TN YPOALLUN TTopaTnPNoNG.
0 0

Y16 ouvOnkec LTE, ot taxutnteg Twv owpoatidiwv akodouBouv tnv katavouny Maxwell.

[l TN cuviocTwoa TNE TaxUTNTAC oV pag evoladeEpeL, Ba E€xoupe OTL 0 aPLOUOC TWV CWHATLOLWY
ue v; petaéV v; kal v; + dvy eivat N(v;)dv;:

Nwpdv; _ 1
N —ﬁexp

5 _ 2kT
KOl ¢ = —
m

[—(v,2/a?)] % , OTIou N 0 GUVOALKOC apLOUOC TWV CWHATIS LWV



ZxO0Awo: o tn neplmtwon mou vnapyet turbulence, pnopovpe vo AdBoupe Kol auTh
N StamAdtuvon utoyn, xpNOLLOTIOLWVTAC TN OXEON
g2 = 2KT

=—+ v, 6rou v, n mo mbavr) taxvtnTa Adyw turbulence.

Mo To AemTO oTpwHa TTou e€etaloupe edw, N amoppodouevn Evtaon ival avaloyn
TOU apLOpoL TWV ATOUWVY TToU armopPodoUV TO CUYKEKPLUEVO LK.

AnAadn:
EVTAOT] IOV ATOPPOPATAL 0T OTEV Awplda Av . (Iy.—Iy)dv
EVTOOT) IOV ATIOPPOPATIL GE OAN TN YPOUUN I, line (Ivc VRdv
= Ny, G P T Ly
T N /] v
|
1 2 7.,2\] ¢V |
— —=€EeXpP|—\V;/x — N/
L exp[—(v2/a?)] 2 | AR
'Av/ ‘AV )

Py, Yo



Ao tnv lowon ywa to pawopevo Doppler, yia tn o mbavr) taxvtnta a n petafoln otn cuxvotnta ( p.K.)
glval

. . Av AL a
Mo Tn 1o mbavn taxvtnTa . ” D =20 — -

Ao
AL Av — U _ Av
XpNOLUOTIOLWVTOC KOL ThY — = — = — , POKUTITEL N oxsor] —-—=—
/10 Vo c Avp

TNV omoia avtikaBLoTtoU e otnv mponyoupevn oxéon (**), onore:

(Ivc Iv)dv 1oy [ (A A )] N Ly .~y iex _(Av)z 1 (***)
fline (ve= Rav \/_ g v/AvD Avp  line (ve=h)dv  vm P17 &) |2
1 1 Cc
STO KEVTPO TNG YPOAUUAC UTH N €KDpaon EXEL TN TUUA — \/_Av ==

Otav n ypoppn Tavel oto ULoo tou peylotou Baboug (Avy /), €xoupe amo tnv (*¥**) ot

Iy~ly 2
1= _11’2 = exp [~ (&vas2/8vp) | = ( ) = In2 kot to FWHM Ba eivad

Avi/z

VD

2Av4/, =% /%an Vo Kat 2AA4 /5, = Z /ﬂl 21,

Mapadeypor yia T = 5800K ko tn ypaupun HB to 2A4,,, = = 0.264A 6nA\. 3 téfeLc peyéBouc peyolUTepo amd
10 dUOLKO TAATOG TNG Ypappng NA AMNMOAEIXTEI ZE AZKHZH



AlarAdtuvon Aoyw kpouaoewv (collisional /pressure broadening)

Ta evepyelaka mimeda Twv arouwv (LBvTwy, uoptwv) 6Latapaooovrat aro TLC Kpou OELG e aA\a atoua HE
anors)\eoua va HeTaBANETOL N AmOoTO0N AVAUESA TOUC AP KOlL Ol avuotmxsq ouxvoTNTeG (i LAKN KUUATOC)
TWV EKMEUNOPEVWY dwTOViwV, TtpokaAwvTag SlamAdtuvon Twv Ypappwv anoppodnong, Av,,, = collisional
broadening

H StamAdtuvon amo tn otatloTikn enidpaocn moAAwV SLaKpLTwV KpoUoEwV ovopadleTal cuvnBwg pressure
broadening (StamAdtuvon Adyw mieonc).

Eotw I n anootaon HeTall Twv aAANAETILOpWVTWY CWHATIWY KATIOLA XPOVLKA oTlyun. H petaBoAn otn
ouxvotnta Av,, €lvat yevikd avaloyn tou r

n = 2. Qawopevo Stark 11 taéng (Statapaxn anod e€wteptkd NAekTPLKO TedSio yLa evepyd NAEKTPOVLO TTOU
Bploketal oe dSuvauiko Coulomb (6nA. H, Het,...)

n = 4: Qawopevo Stark 2ns tagng yLo svspyo nAeKTpOVLO Tou bev Bploketat og Suvauwo Coulomb (=
SUTOALKN pomr)) — AUuTO GUMBALVEL OTAV UTIAPXOUV NAEKTPOVLA OTLG EOWTEPLKEC OTLRASEC)

n = 3. OUVTOVLOMOG HETOEL OUBETEPWYV ATOUWV Tou (dlou eldouc
n = 6: aA\nAenidpaon van der Waals petalt ovdetepwv atopwv dtadopetikol eidoug

OL OUVETELEC OAWV TWV OTLYHLALWV ustaromoewv podt pag Sivel to mpodiA TnNC ypappng nou sival (o HE To
rtpoch)\ ya tn duoikn dtamAdtuvon tng ypappng, armAd avtl Tou cuvteheotn anoppodnong I,y EXOUUE Eva
Sladopetiko cuvteleatr anoppodnong Iy

Napadeypa: Mo tov nMo kaw TN ypapuun Hg n Stamddtuvon Adyw mtieong eivat tng i6log tagng pe t puotkn
StarmAdtuvon ¢ YPOAUMAG.



2UVOALKN SlarmAdtuven — rpodiA Voigt

H ypoppr Starmhatuvetal amnd 0Aoug ToUG HNXOVIOHOUG
TAUTOXPOVA.

O ouvteAeotn¢ amoppodnonc ava anoppodouv cwpatidlo eival

”)
opf

0.0

E b
v 2 ;" 5L \\ Radiation plus collisions
_me” Trag + Teon 1 \
N \
mc 4r? {V o [VO + Y (vllc)]}z + [(Frad + Fcoll)/4n]2 \

KA Ky, p = f:: a,N(v;)dv, enopévwg

m
/ x
2wkT

exp[—(mv,2/2kT)]dv,

+00
X
-[—oo [V — Vo 1+ vl/C)]z + [(Frad + l_‘Coll)/ll‘n']z
MpodiA Voigt

me?

Kyp — EN

l_‘rad + l_‘coll
472

(6ev xpeLaletal va E€peTe auToUG TOug TUTIOUG!)

0.05 0.10

AX (A)

O ouvteAeotn ¢ amoppodnong yia tn ypapuun K tou Call
yla T=5700K. To oxrpa Tou upAva TG YPAUUAGS Kabopl-
Cetal and StamAatuveon Doppler, evw ol mtépuyeg ano
Duokn dtamAatuvon (radiation damping — dtakekopupévn
ypauun) kot StamAdtuvon niieong (pressure damping yua
v atpoodalpa tov Ao pe P = 7.2 x 10* dyne cm™2)
nadl pe radiation damping (mAnpng ypapun)

Zxnpoa amno BiBAio Novotny



Nwc petaBarietat to podiA Voigt pe tnv avénon tou N

1 | | | 1
-0.03 -0.02 -0.01 0 0.01 0.02 0.03

AA (nm)

Ixnuya 6.20

ITpogik Voigt tng ypauurc K tov Ca I1. H o pnym ypapun nopdyston omd N, = 3.4 x 1015 1dvro m 2, kot to 1dvo sivat
oexa popeg mo aebova oe KAOe emdpevn mo gvpeia ypoup). ([lpocappocuévo and to Novothy, Introduction to Stellar
Atmospheres and Interiors, Oxford University Press, Néa Yopkn, 1973).
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KatpurtuAn avaruéng

NMepoxn I: W o« N (logW = const +
logN - kAion=1): 10 KEvVTpO TNG
VPOUUAC ELVAL QKOO OTITIKA O POl
Meproyn Il: o mupnvag tng ypapung
£XEL «kopeoBe» (omTIKA MTUKVA), OL
TITEPUYEC ELVOL OLKOMOL OTTTIKA OLPOLLEC,
BaBaivouv, aAla to W dev peyoAwvel

yprvopa pe to N

1
Meproyn lll: W « N2 (logW =
const + %lo gN) dtamAdtuvon Aoyw
niieong

b, CoO ser 202~2DE

s W

Log,y W (nm)
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