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ISM dynamics:ISM dynamics:
theoretical considerationstheoretical considerations

o phenomenology
o derivation of the hydrodynamic equations
o virial theorem
o Jeans criterion: critical mass for gravitational 
 collapse
o Bonnor-Ebert spheres: pressure-bounded

gas sphere in hydrostatic equilibrium
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 Star formation in Star formation in ““typicaltypical”” spiral:  spiral: 

(from the Hubble Heritage Team)

NGC4622NGC4622

 Star formation always
   is associated with
   clouds of gas andclouds of gas and
   dust   dust.

 Star formation
   is essentially a
   local phenomenonlocal phenomenon
    (on ~pc scale)

 HOW is star formation
   is influenced by
   globalglobal properties
   of the galaxy?
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Star forming clouds in the Milky WayStar forming clouds in the Milky Way
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fff

StarStar
formation information in
OrionOrion

We see

•• stars  stars (in optical
   light)

• atomicatomic
  hydrogen  hydrogen
  (in Hα -- red)

• molecularmolecular
  hydrogen H  hydrogen H22
  (radio -- color coded)
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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

Local star forming region: The TrapeziumLocal star forming region: The Trapezium
Cluster in OrionCluster in Orion
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 stars form 
   in clustersclusters

 stars form 
   in molecularmolecular
     clouds clouds
 (proto)stellar

   feedbackfeedback is
   important

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

TrapeziumTrapezium
ClusterCluster
  (detail)(detail) TT
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Pillars of God (in Eagle Nebula): Formation of
small groups of young stars in the tips of the
columns of gas and dust ….
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Pillars of God (in Eagle Nebula): Formation of small
groups of young stars in the tips of the columns
of gas and dust ….

Observations
at optical
wavelength

Infrared
observation
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Pillars of God (in Eagle Nebula): Formation of
small groups of young stars in the tips of the
columns of gas and dust ….
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Pillars of God (in Eagle Nebula): Formation of
small groups of young stars in the tips of the
columns of gas and dust ….
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 Structure and dynamics
    of young star clusters is
    coupled to structure ofstructure of
   molecular cloud   molecular cloud

Taurus molecular Taurus molecular cloudcloud

star-forming  filaments in
the Taurus Taurus cloud
(from Alyssa Goodman)
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(from  Hartmann 2002)

Taurus molecular cloudTaurus molecular cloud
Star-forming filaments in Taurus Taurus cloud

 Structure and
   dynamics of
   young star
   clusters is
   coupled to
   structure ofstructure of
  molecular cloud  molecular cloud

 Strukture and dynamics of
   molekmolekular cloud ular cloud is determined
   by  supersonic turbulencesupersonic turbulence

in
te

ns
ity

velocity

thermal linethermal line
width width σσthermtherm

observedobserved
line width line width σσtottot

σσtot tot >>>>  σσthermtherm
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VLSR = 3.4 km/s

3.4 km/s

TaurusTaurus
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VLSR = 3.6 km/sTaurusTaurus
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VLSR = 3.8 km/sTaurusTaurus
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VLSR = 4.0 km/sTaurusTaurus
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VLSR = 4.2 km/sTaurusTaurus
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VLSR = 4.4 km/sTaurusTaurus
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VLSR = 4.6 km/sTaurusTaurus
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VLSR = 4.8 km/sTaurusTaurus
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VLSR = 5.0 km/sTaurusTaurus
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VLSR = 5.2 km/sTaurusTaurus
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VLSR = 5.4 km/sTaurusTaurus



Ralf Klessen: IMPRS School, 27.09.2006

VLSR = 5.6 km/sTaurusTaurus
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VLSR = 5.8 km/sTaurusTaurus
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VLSR = 6.0 km/sTaurusTaurus
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VLSR = 6.2 km/sTaurusTaurus
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VLSR = 6.4 km/sTaurusTaurus



Ralf Klessen: IMPRS School, 27.09.2006

VLSR = 6.6 km/sTaurusTaurus
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VLSR = 6.8 km/sTaurusTaurus
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VLSR = 7.0 km/sTaurusTaurus
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VLSR = 7.2 km/sTaurusTaurus
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VLSR = 7.4 km/sTaurusTaurus
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VLSR = 7.6 km/sTaurusTaurus
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VLSR = 7.8 km/sTaurusTaurus
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VLSR = 8.0 km/sTaurusTaurus
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VLSR = 8.2 km/sTaurusTaurus
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VLSR = 8.4 km/sTaurusTaurus
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VLSR = 8.6 km/sTaurusTaurus
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VLSR = 8.8 km/s

8.8 km/s

TaurusTaurus
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Mizuno et al. 1995 13CO(1-0) integrated intensity map from Nagoya 4-m
Young star positions courtesy L. Hartmann

TaurusTaurus Klasse 1 Protosterne

Klasse 2 Protosterne

Klasse 3 Protosterne
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Hydrodynamics
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Note:
 in reality, computing the EOS is VERY complex!
 depends on detailed balancebalance between heatingheating and coolingcooling
 these depend on chemical compositionchemical composition (which atomic

   and molecular species, dust)
 and on the ability to radiate away „cooling lines“ and

   black body radiation
   --> problem of radiation transferradiation transfer
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B versus N(H2 ) from Zeeman
measurements.
(from Bourke et al. 2001)

→ cloud cores are

    marginally

    magnetically

    supercritical!!!

column density

ob
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 (Φ/M)n > 1  no collapse 
 (Φ/M)n < 1  collapse
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Jeans condition
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Bonnor-Ebert

spheres
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Alves, Lada, Lada (2001)
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