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ELcayw

> Jeiplog A'kal Zeiplog B — SuTAG cvotnua actpwv. H urtapén tou cuvodou Zeiplou
B dtamiotwOnke mpwta amno tnv enidpacn otnv OLa Kivnon tou Zeiplou A.

> Anéltl\r)l Sdtatapayn otn Kivnon, MPOoKUTTEL OTL N HAlo Tou ouvodou glval TNE TAENC
LIS o
» Apyotepa petpndnke n pwtewotnta tou o€ 0.01L o, evw ano to daoua

eKTIURONKe n Bepuokpacia tou og 30000K. /S
» TLeldoug avtikeipevo pmopel va gival auto; .
MepLkol YovtpLKol uTtoAoyLouoL: , ’\ B
4 2 4 X 7, 12
Sx£on aKTivwy: 24 = (T—A> : (R—A) = 235 (1) (R—A> = Ry = 0,004R,, HST image Sirius A & B
Lp Tg Rp 0,03 3 Rp

Axtivo tou Jeiplou B Rp = [Lp/(4maTe g )]*/2 = 0.008 R,
o~ 3% 10%g/m?

Mp _
4T _3 T 4T 3
S RE ?(o,oosRo)

Méon nmukvotnta tou 2eiplou B: pg =

nce (AU)

sta

Di

(n péon mukvotnta tou HAwou eivan = 1.4 x 103kg/m?3)

Kevtplkn mieon Zeiplou B:

ﬁ — —GM(r)p(r) R T — 0 ‘ s ‘. 2 8 2
@ _ 4-:1:2 3 = fO dP = _ﬁﬁz fR rdr=p. = @EZRZ ~ 38 x 1022N/m2 . B .

M) =Srip (7 s o TATSIE T | . |zeipogA | zeipiogB
p=r MdZa (Mo) 2.3 1

nou eival epimou 1.5 x 108 dpopéc peyohtepn amnd tnv nieon oto

QOwtewotnta(l,) 23.5 0.03
Oepuokpaoia (K) 10000 30000

KEVTPO TOU NALou

2uvOnkKeg oto KEvtpo Twv A.N.



Kevtplkni Bepuokpacia 2eiplou B:

YrioBEtovtag OTL £XOUPE Eva AOTPO oav tov NALo, Ba eiyope
dT 3 Ep LT‘ /4 1 1 1 I I I 1
T T 2T a2 (utoBeoape OtL N petadopa EVEPYELAG YIVETAL e aKTIVOPOALa, KATL TTOU SeV LOYVUEL OTN

TPOYMOTLKOTNTO OTO ECWTEPLKO EVOG AgukoU vavou, omwe Ba Soupe)

OTIOTE TIPOOCEYYLOTIKA B £XOUE:

Ielcy 5 %0 B T ~76x107K

Rp—0 ~—  4ac TZ 4R}

ue €~0.02m?kg~1 (aStaddvelo Adyw okéSaong nAekTpoviwy)

Av o 2eiplo¢ B amoteAouvtav kupiwc amo H omwc o nALog, Ba Empermne oe autr tn Oeppokpaocia va €xeL
ONMOVTLKA TIapaywyn LoxUocg ano BepUomupnVIKEG avtlOpAoELG, OTOTE Ba EMPETIE va EXEL TIOAU HEYAAUTEPN
dwTtEVOTNTA.

MNpodavwe, TTPOKELTAL YLOL EVA OVTLKELUEVO SLAdPOPETIKO O £va ouVNOLOUEVO AOTPO, KoL OVOUATZETAL AEUKOG
vavog (white dwarf).

TL {Epoue onjepa yLa TG BOOLKEG TIOPAUETPOUG TWV AEUKWV VAVWV .
Mageg ~ 1M (~0.17 - ~1.35 Mo (gicher et al. 2021, Nature)» HE TNV Kopudr T katavoung ota 0.56 Mg )
Aktiveg ~ 1R 1

Anotehouvtal amno éva ekpuliopévo upnva (ouvnBwcC-0) mou neptBarletal and pia pikpn atpdéodapa H
n He (n timorte).



H 6€on twv A.N. oto daypappa HR L—
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FIGURE 8.16 Luminosity classes on the H-R diagram. (Figure from Kaler, Stars and Stellar

Spectra, © Cambridge University Press 1989. Reprinted with the permission of Cambridge University EVE pVé c e E p “.O Kp ao 'I.E q aT[é ~>8000O K é w C <~5000 K
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Oaopatikn taélvounon AgUKwv vavwv

Kuplot paopatikoi tumot: DA (ypappég H), DB (ypaupég He), DC (xwpig ypaupE).
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Spectral Type Characteristics

DA Only Balmer lines: no He I or metals present ~67%

DB He I lines: no H or metals present ~8%

DC Continuous spectrum, no lines deeper than 5% in any part of the electromagnetic Spl.‘l;ill'l%%
DO He 1l strong: He 1 or H present

DZ Metal lines only: no H or He lines

DQ Carbon features, either atomic or molecular in any part of the electromagnetic spectrum
P (suffix) Magnetic white dwarfs with detectable polarization

H (suffix) Magnetic white dwarfs without detectable polarization

X (suffix) Peculiar or unclassifiable spectrum

E (suffix) Emission lines are present

7 (suffix) Uncertain assigned classification; a colon (:) may also be used



H katavoun palwv twv ASUKWV vaVwV
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Figure 1. Mass distribution by number for 3636 DAs with T > 13000 K, S/N, >
15 and <S/N>=31 in black and 549 DBs with T = 16000 K, S/N; > 10 and
<S/N>=21 inred.

Kepler et al. 2016
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FIGURE 16.4 Compact pulsators on the H-R diagram. (Figure adapted from Winget, Advances in
Helio- and Asteroseismology, Christensen-Dalsgaard and Frandsen (eds.), Reidel, Dordrecht, 1988.)



» \eukol vavol pe emipavelakeg Beppokpaoieg T, = 12,000K keivtal otn
(wvn aotaBeLac mov oulntRoape oto mponyovevo pabnua. DAV or ZZ
Ceti variables

» MpOKeLTOL YLOL LN OKTLWVLKEC avaTtAAoeLs (6ev petaBAAAETOL N aKTiva dAAA N
eripavelakn Bepuokpaoia) mou cuvtovilovral petafl Twv {wvwv nAiou
kol ubpoyovou kot odeilovtal otn {wvn HEPLKOU LoVIOUOU udpoyovou

»2e Bepuotepouc A.N. avaloya patvopeva epdavidovtol AOyw HEPLKOU
Loviopou tou He = DBV (T,= 27,000K).

» PNNV (T,~ 100,000K) — Planetary Nebulae Nuclei
»POV oto &ekivnua tng paonc tou A.N.



H duowkn ekpuMopevng UANG — MOAU cuvToud

(Mo Aemtopépeleg Selte HABNUA OTATIOTIKNG GUCIKNG)

Anayopeutikr apxn tou Pauli: to moAu éva pepuiovio os kabe kBavtikn katdaotacn (6nA. pe To (6lo ot
KBavVTLKwV aplOpwv).

Z& ouviOn mieon kat Beppokpacio povo 1:107 KBAVTIKEC KOTAOTAOELC ELVOL KOTELNNUUEVEC = BepLKN
Tileon mou mepypadetat amod to Voo bavikol agpiou.

KaBwc n Beppokpaoia petwvetal kot teitvel oto 0, katalapBavovtotl OAeC ol SLOOECUES KATWTEPEC
EVEPYELAKEC OTAOUEC =2 TMANPWCS EKDUALOUEVO HEPULOVIKO AEPLO.

H evépyela Fermi eival n péylotn evépyela evog nAektpoviou (gr) o€ eva mMANPwE ekPUACHEVO AEPLO OTOUG
O K.

Ac Bewpriooupe eva KUBo akpung L. Mmopou e va Bewprjoou e T NAEKTPOVLA LECA OTOV KUBO cav
OTAOLHA KOYOTA, KE UNKN KOUATOC Ttou SlvovTal amo TG OXEOELG
2L 2L 2L

A = N—x,/ly = N—y,/lz =3 onou Ny, Ny, N, akepatot aplBuot.
OL avtioTol e CUVLOTWOEG TNG 0pUNG (A = h/p) elvaL p, = % py = %,py = %

2
H ocuvoALkn evepyeLla EVOC GEPULOVIOU OTO KOUTL Elval & = :; oérou p? = pz +py +pz

m ]

hZ

h? NZ , 2 — N2 2 2
- (omou opioape N“ = Ng + Ny + NZ)

LZ(N9?+N3%+NZZ):

OToTE =
8m



O ouvOoAkOG apLlBpOGg Twv nAektpoviwv, N, OTO AEPLO OVTLOTOLXEL
OTOV OUVOALKO apLlOO TwV EEXWPLOTWV KPBAVTIKWY aplOpwv
Ny, Ny, N, emi 80o.

O napayovtac SU0 TPOKUTITEL OO TO YEYOVOC OTL Ta NAEKTPOVLA
glval owpatidia pe omv ¥2 ue mg = x£1/2.

Apa, N, =2 (%) (g HN? (1/8 yia va Slatnpriooupe Povo To
TETAPTNUOPLO TIOU €XeL BeTkouG aplBuoug Ny, Ny, Ny)

T

:,~N=(

KOl QVTLKOLOLOTWVTAC OTOV TUTIO YLa TNV EVEPYELQ, BPLOKOULE

h?N? _ h? 2..\2/3
&g = =—(3nr°n
F™gmiz — 2m ( )7
’ —_ Ne ’ ’ ’
omoun = = OPLOUNTIKA TTUKVOTNTA TWV NAEKTPOVIWV.

000 peyalltepn €ival N MUKVOTNTA TOOO UEYAAUTEPN N EVEPYELA
Fermi.

Fraction of states occupied
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2uvOnkn yLa eEkpuAlopo

Ma T > 0 Ba urtaPXOUV KATIOLEG KATOOTAOELG UE EVEPYELEG < £ TTOU Bal ekkeEVWwBO LV, kKabwg ta NAeKTpOVIAL -XapN
otn BepuLkn Toug eVEpYELO- KATAAAUBAVOUV 0TAOUESG PeyaAUTEPNC EVEPYELOG.

Av kaL ya T>0 dev exoupe mAnpn ekdpuAlopo, n uTtoBeon Tou MANPOUG EKGUALOHOU Eivarl OPKETA aAKPLBAG yLa TLG
vPnAEC TV Kvomteq TIOU QTTOVTWVTOL OTO ECWTEPLKO TWV AEUKWV VAVWV.
ap MAEKTP ap.mupnvwv __ (g) p

Tvpnva O0yKo

Eidaue 6Tl gp = % (37%n,)?/3, al\&, n, = £
H

, 2/3
OTOTE £ = - — [3n (—) —]

A

e AJ my

Twpa Ba ouvaLvou LE TNV evEpyELla Fermi pe tn peon Bepuikn evepyeLa evog €, 5 kT

XovTpLKa, ov — kT < &5 TO KUECGO» r])\sKtpOVLo bev Ba pmopei va ugroBet oe pic pn katenppevn Kataotoon,

2
OTIOTE TO OLEpLO elval ekpuliopevo, dnh. — kT < zh [3n2 (Z)L —

Me A/ my %~1/2

2 Tu 2 o 12/3
p2T/3 <D [3” (5)] = D = 1261Km?kg~%/3 ouvBrkn ekpulopou

3myk |my \A
, T
000 ULKPOTEPO TO =77 273 TOOO TILO EKPUALGUEVO Elval TO AEPLO.

Noapadelyua

> "HAog: T, = 1.570 x 107K, p, = 1.527 x 105kgm~3 = —<- = 5500Km2kg~2/3 > 1261Km2kg~2/3 pn
Pc

EKPUALOUEVO

2
> SeiplogB: T, = 7.6 x 107K, p. = 3 x 10°kgm—3 :%~37Km2kg‘2/3 & 1261Km?Kkg 3 ek@uAlopévo
Pc



[ieon ekpuAiopou
Micon aepiov (amod otat. puoikr/ Beppoduvapikn)

1 m 1 14 I 14 14 I 14 I 14 I
P = —fo nypvdp = 3 eV (omou unoBEcape OTL OAa T CWHATIOLA EXOUV TNV WL 0PN, KaL T, €lval N

GUVO:j\LKﬁ QPLOUNTLKA TTUKVOTNTA TWV €).

, , , , .y , . -1/3 ,,
Katd mpoogyylon, n péon anootaon petafl 6Uo nAektpoviwy Ba eivat Ax =~ n, 7 (dpola yla ta Ay kot Az).
Amo tnv apxn anpoodloploTiog,

h 1/3 ;.

Px = Apy = — = hn,”” (6pota yia ta p,, kaL py).

— — — — 1/3 _ Z\ p
p? =pi +py +p; = 3pi=p = V3p, =V3hn,” = 3h [(Z) m—H]U3
Mn OXETIKLOTIKA NAEKTPOVLA

y =P —3h ({) P /3
Mme Mme A/ my

. 1 1|z Z 1 [v3h [z 1 ,
Apa P =~ —nepv =~ - [(Z) mLH] [x/?h [(Z) mLH]BI e [(Z) mLH]BI = P « p5/3 (moAUtpono pe n = 1.5)

/3 5/3
, e (3n2) w2 [ z L]
AkpBnG urtoAoyLlopog bivel P = (A) my

5 me

syetikiotikd nhektpovia E = (p® ¢ + m2c*) v = p?, P x f:F pT47rp2dp = P o p?/3

3772) /3 4/3 ’
(P = %hc [G) mLH] ) (moAUTpomo n = 3)

(pr n opun Fermi) - Mapatnpeiote o0tL Sev uUNApPXEL e§dpTnon TNG Ttieong anod tn Oeppokpacia!



To opLo Chandrasekhar
O Chandrasekhar anédeiée ot évag AN £xet pia péytotn duvatn pala, 1.4 Mg

I3 ’ ) ’ 7 ) ’ ’ . 27TG —2 2 I3
Bprkape vwpitepa OTL KOTA TPOoeEyylon n Keviplkn mieon tou AN eivat P. = —p“R” yua ubpootatikn
Loopporiia. Oa eELCWOOULE AUTH TN TLUN UE TNV Ttieon ekpUALGHOU TTOU UTIOAOYLCOLE. Ondre TIPOKUTITEL:

2/3 573 5/3
2 212 (372)™"" n2 (z) p (18m)%/3  n2 (Z) 1 , 4 4
—-tGp“R: ; = —)— >R, 4~ —)— ,omou p = otal = M,o/(=tR2,,),
3 P wd 5 me |\4/) my wd 10 Grneﬂ4;£f a) my P wd (3 wd

onote My, gR: 4 = otabepa f wooblvapa MgV = atabepa, ) p < M2 4

Autni n oxéon padag mukvotntog, N palac-oykou eival amoppotla tou ot o AN umootnpiletal amod tn Tieon
ekpUALOpOU. Av mpooBeow OAo KoL meploootepn palo otov AN, Ba kataAnéw os pndeviko oyko!

, , , , h . , ,
Eibape mplv (Yot pn OXETIKLOTIKA NAEKTPOVLIA) OTL U = in_i (%) mi]ll 3. AVTIKOOLOTWVTAC XOPAKTNPLOTIKES TLUEG
(yta Tov Zeiplo B) Bpiokoupe otL v~0.3c. Omnote T[péT[ELeVOL xpnoiluonou']cou LE TOV TUTIO yLlO TNV TEoN yla TO
OXETLKLOTLKO Oplo. Etol, Bplokouue:

14 ———r—1 P — PP — PP—

/3 4/3
2 2p2 _(3”2)1 Z\ p iy
TGP Rq = —he|(3)

@étovtag moAL p = M, 4/ (g mR3 1), kaw Z/A~0.5 kat Aovovtag wg mpog th uala

Radius (10° m)

naipvoupe
2

Mcp ~ ﬁ(h—c)glz [(E)L = 0.44Mg

8 G AJ my
00 0.2 0.4 0.0 0.8 1.0 1.2 14

MArpNG urtoAoyLopog (He p Ui otabepo) divel oplo 1.44 M. S




WHEN AN

» Mwe pHeETODEPETOL EVEPYELA ATIO TO E0WTEPLKO €vOC AN mpog ta
efw;

»Xe €va ouvnOlopévo a@otpo, T dwtovia elval oL Kuplot
pnetadopeic evépyelac. 2tov ekpuliopEvo AN OpwC Ta NAEKTPOVLA
StavUouv TIoAU HEYOAUTEPEG ATOOTACELS TPV AAANAeTiLOpAacouv
LE KATOLO Tuprva Kol XAoouv evepyela, O610TtL AEN umapyouv
SlaBcoueg YapnAOtepeg evepyelakee otabuec >  dwadoon
EVEPYELOC E AYWYLUOTNTO NAEKTPOVIWV.

» Auti) n Swadikaoia eivat moAU amodotikry Kat o uprvog tou AN
elval 1000eppoc (exktoc amd ta emipavelakd pn eKPUALOHEVA
oTpWHATA).

» E€awtiag  tng  OSnuioupyolpevng amotoung Poadbuidag otn
Beppokpacia Kovtd otnv emupavela, Exoupe dltadoaon evéEpyelag
ue petadopa (convection).
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XapaKTnpLoTIKOC Xpovoc Puénc tou AN:

H Beppukn evepyela tou AN odeileTal Kupiwg
OTN KWNTLKN EVEPYELA TV TIUPNVWV (Adyw
EKGUALOUOU TWV NAEKTPOVIWV).

Onote n BepuLkn evepyela Ba eival U =

MEI{TC

Ampg 2

Mo A=12 (yio avBpaka) pLot TUTTLKE TLN TG
BeplLkAC evépyetag eival U~6 x 1049

Gaia G absolute magnitude

katyia Ly, ~0.02 L
U 6x1040)

17 - - - '
T = ~ ~2 5%x108 -0.5 0.0 0.5 1.0 15
cool ™} 4 0.02x3.828x1026W Y

«— bluer Gaia BP-RP colour redder —
KpuotdAAwon: e TNV KpUoTAAAwWGN
£\OXLOTOTIOLELTAL N EVEPYELA TWV TIUPHVWV =

aAAayn aong =2 aneheubépwon evépyelag—> White dwarf cooling sequence and crystallisation. Credit:
ET(LBpO'LSUVGF] e lIJOEHC- Courtesy of Pier-Emmanuel Tremblay et al. (2018)



