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important data

lecturers:
Ralf Klessen (ZAH/ITA), Albert-Ueberle-Str. 2, 69120 Heidelberg
rklessen@ita.uni-heidelberg.de, 06221 / 548978

Stefan Jordan (ZAH/ARI), Möchhofstr. 12-14, 69120 Heidelberg
jordan@ari.uni-heidelberg.de, 06221 / 541842

time and location:
Tuesday, 14:15 - 16:00 hours
Philosophenweg 12 -- Small Lecture Hall

tutorial:
Tutorial: Tuesday, 16:00 - 17:00 hours
Philosophenweg 12 -- Small Lecture Hall
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 1. 17.4  Introduction (stars/stars in the galaxy/observational facts)  Ralf Klessen
 2. 24.4. Star Formation/protostellar collapse                          Ralf Klessen
     1.5. Tag der Arbeit
 3.  8.5. Stellar Structure (basic quantities)                          Ralf Klessen
 4. 15.5. Stellar Structure (equation of state)                         Stefan Jordan
 5. 22.5. Energy transport, convection                                  Stefan Jordan
 6. 29.5  Energy production, pp-cycle                                   Ralf Klessen          
 7.  5.6. Main sequence, CNO cycle                                      Ralf Klessen
 8. 12.6. Stellar evolution to the AGB                                  Thorsten Lisker
 9. 19.6. Stellar Pulsations                                            Stefan Jordan
10. 26.6. Rotation, Magnetic fields                                     Ralf Klessen
11.  3.7. Late Stages of stellar evolution (WD, NS, BH)                 Stefan Jordan
12. 10.7. Radiation, Stellar Atmospheres, Stellar Spectra               Stefan Jordan
13. 17.7. Stellar Spectra                                               Stefan Jordan
    24.7. Study Week, no lecture
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time line
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webpage

http://www.ita.uni-heidelberg.de/research/klessen/people/klessen/lectures/2012-A/Stars/index.shtml
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literature I

list of recommended literature for the course 
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literature II

general literature 
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where we find stars...

(Hubble Ultra-Deep Field, from HST Web site)
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where we find stars...

(Hubble Ultra-Deep Field, from HST Web site)

8Dienstag, 17. April 12



Klessen / Jordan: Stellar Astrophysics (17.04.2012)
)

(HST: Whitmore & Schweizer: Antennae galaxies)
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(NGC4622: from the Hubble Heritage Team)

young (massive) 
stars are associated 
with spiral density
waves

older stars are more
evenly distributed 
throughout the 
galaxy 
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The Orion molecular cloud is the birth- place 
of several young embedded star clusters.
The Trapezium cluster is only visible in the IR 
and contains about 2000 newly born stars.

Orion molecular cloud

Trapezium 
cluster

nearby young cluster: the Trapezium in Orion
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 stars form 
   in clusters

 stars form 
   in molecular
   clouds

 (proto)stellar
   feedback is
   important

(color composite J,H,K
by M. McCaughrean, 
VLT, Paranal, Chile)

Trapezium 
Cluster
 (detail)
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Ionizing radiation from central star 
Θ1C Orionis 

(images: Doug Johnstone et al.)

Proplyds: Evaporating ``protoplanetary´´ disks 
around young low-mass protostars

Trapezium stars in Orion
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(Pleiades: skyfactory.org)
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Ralf Klessen: Lecture 3: 29.12.2006

Phases of star formation

1 lightyear

prestellar cores in dark clouds

10 000 AU

gravitational collapse: class 0 object

t = 0
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Phases of star formation

100 AU

classical T Tauri star: class 2

t = 105 - 106 years5 000 AU

embedded protostar: class 1

t = 104 - 105 years
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Phases of star formation

100 AU

pre-main sequence star, debris
disks, visible at optical wavelengths

t = 106 - 107 years 50 AU

star on main sequence (nuclear 
fusion) with planetary system

t > 107 years
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Unsere Sonne in verschiedenen Aktivitätsphasen
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Sterne: die Sonne
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public stellar evolution codes

public stellar structure codes:
MESA stellar evolution code: 
http://www.astro.wisc.edu/~townsend/static.php?ref=mesasdk

online stellar evolution code: 
http://www.astro.wisc.edu/~townsend/static.php?ref=ez-web

STELLAR code in Bodenheimer’s book “Numerical Methods in 
Astrophysics”

STATSTAR code in Carroll & Ostrlie “Introduction to Modern 
Astrophysics” 
http://homepages.wmich.edu/~korista/statstar.f
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Sterne: die Sonne

Eigenschaften der Sterne
(Stellare Zustandsgrößen):

Unsere Sonne  als Referenzstern

Radius   R  696 000 km
Masse   M  1,989x1030 kg 
Leuchtkraft  L  3,86x1026 W
effektive Temperatur Teff 5800 K      (Oberfläche)
Zentraltemperatur                Tzentral     15x106 K
Alter                                t      4.5x109 a

 

Spektraltyp  G2
Leuchtkraftklasse  V
chemische Zusammensetzung (Massenanteil)
   73% Wasserstoff X
   25% Helium Y
    2%  Metalle Z

auf der Erde:
Solarkonstante
1.37 kW/m2   
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Sterne: die Sonne

Eigenschaften der Sterne
(Stellare Zustandsgrößen):

Unsere Sonne  als Referenzstern

Radius   R  7 x 1010 cm
Masse   M  2 x 1033 g 
Leuchtkraft  L  4 x 1033 erg/s
effektive Temperatur Teff 5800 K
Zentraltemperatur                Tzentral     15x106 K
Alter                                t      1.7 x 1017 s

 

Spektraltyp  G2
Leuchtkraftklasse  V
chemische Zusammensetzung (Massenanteil)
   73% Wasserstoff X
   25% Helium Y
    2%  Metalle Z

in cgs Einheiten
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Massenverteilung:
minimale Masse   ≈ 0,07 M 
         Grenze des Wasserstoffbrennens
maximale Masse  ≈ 120 M  
        Eddington-Limit, Frad = Fgrav

Ursprüngliche Massenverteilung 
         dN(M) ∝ Mα dM, α ≈ -2.3    für Sterne massereicher als die Sonne
   
Weitere Eigenschaften:
Spektraltyp  Teff [K]   M[M]  L [L]              THR [a]
O7.5    38 000    25                 80 000                   2x106

B0    33 000                  16                         10 000                   1x107

B5                           17 000                    6                              600                   6x107 

A0                             9 500                    3                                60                   3x108

F0                             6 900                    1,5                               6                1.5x109

G0                             5 800                    1                                  1                   6x109

K0                             4 800                    0,8                               0,4              12x109

M0                            3 670                    0,5                               0,08            35x109

Sterne: Statistische Charakeristika
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Sterndichte in der Sonnenumgebung    n* ≈ 0,05 pc-3

Sterndichte im Orion-Trapezhaufen   n* ≈ 103 pc-3

Sterndichte in Starburst-Regionen   n* ≈ 104 pc-3

                1 pc = 3,086x1018 cm

Anzahl der Sterne in der Milchstraße:     ≈ 1011

Sternentstehungsrate:     ≈ 2 M/Jahr 

Sterne: Statistische Charakeristika
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Sterndichte in der Sonnenumgebung    n* ≈ 0,05 pc-3

Sterndichte im Orion-Trapezhaufen                  n* ≈ 103 pc-3

Sterndichte in Starburst-Regionen                  n* ≈ 104 pc-3

                1 pc = 3,086x1018 cm

Anzahl der Sterne in der Milchstraße:     ≈ 1011

Sternentstehungsrate:     ≈ 2 M/Jahr 

Sterne: Statistische Charakeristika

Skalen:
 

Milchstraße    ∅  ≈  30 kpc ≈ 1023 cm ≈ 100.000 Lichtjahre
Sonnensystem (Pluto-Bahn)  ∅  ≈  80 AU ≈ 1015 cm ≈ 11 Lichtstunden
Erdbahn    ∅  ≈  2 AU ≈ 3 x 1015 cm ≈ 17 Lichtminuten
Sonnendurchmesser  ∅  ≈  1,4 x 1011 cm
Erddurchmesser   ∅  ≈  1,3 x 109 cm 
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Sterndichte in der Sonnenumgebung    n* ≈ 0,05 pc-3

Sterndichte im Orion-Trapezhaufen                  n* ≈ 103 pc-3

Sterndichte in Starburst-Regionen                  n* ≈ 104 pc-3

                1 pc = 3,086x1018 cm

Anzahl der Sterne in der Milchstraße:     ≈ 1011

Sternentstehungsrate:     ≈ 2 M/Jahr 

Sterne: Statistische Charakeristika

Skalen:
 

Druck im Sonneninneren         2,5 x 1011 bar ≈ 7,8 x 1025 Teilchen / cm3  (130 g/cm3) 

Druck in Erdatmosphäre        1013 bar ≈ 2.5 x 1019 Teilchen / cm3

Ultrahochvakuum (auf Erde)     10-9 bar ≈ 2.5 x 107 Teilchen / cm3

Sternbildendes Gas                 103 – 104 Teilchen / cm3

Interstellares Gas im Mittel       einige Teilchen / cm3
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stellar sizes
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   spectrum of Sun

(credit: NOAO)
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atomic lines

absorption lines emission lines

33Dienstag, 17. April 12



Klessen / Jordan: Stellar Astrophysics (17.04.2012)
)

sample spectra
(R

. P
og

ge
: W

eb
pa

ge
)

34Dienstag, 17. April 12



Klessen / Jordan: Stellar Astrophysics (17.04.2012)
)

(R
. P

og
ge

: W
eb

pa
ge

)

35Dienstag, 17. April 12



Klessen / Jordan: Stellar Astrophysics (17.04.2012)
)

spectroscopic classification

(Carroll & Ostlie: Figure 8.11)

stars of different mass (and temperature) show different absorption and
emission lines --> this can be used to build a spectral classification scheme
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statistical characteristics

 Hertzsprung Russell 
   diagram: using color 
   and (absolute) magnitude

 spectral type corresponds
   to specific color (and 
   temperature)
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Stellar classification
scheme:

- supergiants (I)
- bright giants (II)
- normal giants (III)
- subgiants (IV)
- main-sequence 
  (dwarf) stars (V)
- subdwarfs (VI)
- white dwarfs 
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Herzsprung Russell 
diagram with known stars 
(from Kaler: Stars and Stellar 
Spectra)
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physical interpretation

(Carroll & Ostlie: Figure 8.14)

 abs. magn. 

           luminosity

 color 

          temperature
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physical interpretation

(Carroll & Ostlie: Figure 8.14)

 abs. magn. 

           luminosity

 color 

          temperature
m a s s 
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physical interpretation

(Carroll & Ostlie: Figure 8.14)

 abs. magn. 

           luminosity

 color 

          temperature

l i f e   s p a n 
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application: age of cluster
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t1  < t2
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white dwarfs

(Carroll & Ostlie: Figure 16.3)
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distribution of stellar masses: IMF
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