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Overview

*The starting point: The physics and chemistry of the interstellar medium
*Equilibrium configurations and collapse

*Protostars

*The IMF and multiplicity

*Accretion, jets, outflows, and disks

*Pre-main sequence stars

Formation of massive stars

*The formation of planets

*Feedback and the structure of Galaxies: Shocks and PDRs
*Starburst Galaxies

*Star Formation History of the Universe
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Figure 1., The four stages of star formation. (a) Cores form within molecular cloud
envelopes as magnetic and turbulent support is lost through ambipolar diffusion.
(b) Protostar with a surrounding nebular disk forms at the center of a cloud core
collapsing from inside-out. (c) A stellar wind breaks out along the rotational axis
of the system, creating a bipolar flow. (d) The infall terminates, revealing a newly
formed star with a circumstellar disk (figure from Shu et al. 1987a).
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Recommended reading

* Physics of Star Formation in Galaxies
Palla & Zinnecker ﬁSpringer)
Broad overview of theory and observations

* “The formation of Stars”
Stahler & Palla (Wiley-VCH)
Covers most topics of this lecture.

* Protostars and Planets V
Bo Reipurth, David Jewitt, & Klaus Keil (Univ. of Arizona Press)
A collection of review articles on recent progress in star formation research.

 Die Entstehung von Sonnensystemen
Fahr & Willerding (Spektrum)

* The Physics and Chemistry of the Interstellar Medium
A. G. G. M. Tielens (Cambridge University Press)

* Physical processes in the interstellar medium
L. Spitzer (Wiley-VCH)



Historical approach

Until ~ 1920 the universe and all stars were believed to be
static and eternal

Only some deviating arguments:

... the matter on ye outside of this space would by its gravity

-tend towards all ye matter on the inside & by consequence fall down to ye

middle of the whole space & there compose one great spherical mass. But
if the matter was eavenly diffused through an infinite space, it would never
convene into one mass but some of it convene into one mass & some into
another so as to make an infinite number of great masses scattered at great
distances from one to another throughout all ye infinite space. And thus might
ye Sun and Fizt stars be formed supposing the matter were of a lucid nature.

Isaac Newton (10.12.1692):
Letter to minister Richard Bentley



Historical approach

Application of hydrodynamics and

angular momentum

Pierre Simon de Laplace (1796):
“Exposition de Systeme du Monde”

<«———— Kontrahicrender
Nebel

< Protoplanetarer
) S ;
‘ .,’.‘.‘e;.':-;.’:,‘.-r::?;";-._ Ring

Zentralsonne



Historical approach

Stars are not all the

same °

leferent pOS|t|On |n d " \ GDO " H.N. Ruseell’s 1913 diagram

: \ : > correlating the absolute
L

magnitudes of stars with their

. . 1 LI |
H R-d Iag ram m Ig ht +2 b i e N\ @ ’ . N 1 spectral types. The Harvard
£ 3 . spectrad chassifiers had noted
= _ subtle differences between

I n d I Cate a d Iffe re nt A 9 M N : otherwise identical spectra; in
= \ ? . partictiar, in the later spectral
a g e +6 : 9 ? :j typ2s some stars had very

narrow lines. In 1905 Ejnar

b of

Hertzsprung noted that these
stars tended to have very small

+8
t proper motions, and so were
prebably distar:t and highly
+10 fuminous. This first indication

of the existence of what later
Ejnar Hertzsprung & Henry s became known as ‘giant’ and
Norris Russell (1910-1913):

Mass-temperature relation

‘dwarf’ stars was strengthened
by the distribution shown in

Russell's diagram.




Historical approach

e Clusters of stars (same origin, same position on sky) show

widespread of HR properties

 Explanation: aging

 Physics:

Bethe & Weizacker (1938).

H fusion = source of luminosity

— finite age — stars must be born
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Historical approach

« Observation of young stars and associations:

* Cecilia Payne-Gaposchkin (1952): T Tauri stars
variability, emission lines, too bright for their mass

* Viktor Ambartsumian (1953): dynamics of open clusters
unbound associations — must have recently
formed

 Georg Herbig (1954): T Tauri stars in young clusters

(1C348)

e Observation of the interstellar medium: 1912-today
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Questions in star formation

 How do molecular clouds form and what is their lifetime?

* What are the triggering mechanisms of star formation?

* What is the origin of the IMF (Initial Mass Function)?

* How do protostellar cores evolve (for all masses)?

« Which role play accompanying phenomena (jets, outflows,
variability?)

» Are there massive disks?

 How do planets form?

 How do starbursts work?

 How were the first stars formed ?
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