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§9.1 • Free-fall collapse and the Jeans mass



Zhang et al. 2019
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Clouds, clumps, and cores

Bergin & Tafalla 2007 • Pokhrel et al. 2018



The Jeans Mass

• Gravity tries to collapse gas 

• Pressure resists collapse 

• Gravity wins if cloud is larger than Jeans length, or has mass larger than Jeans mass 

• In the Universe as a whole, we can work out the Jeans mass of gas right after 
recombination: MJ,recombination ≈ 106M⊙

Pressure Gravityvs.

Sir James Hopwood Jeans



Star formation

frontiersin.org

http://frontiersin.org


Protoplanetary disks

ALMA



Star formation 

STARFORGE Collaboration (youtube)

https://www.youtube.com/watch?v=BEckYJwCJno&ab_channel=APODVideos


§9.2 • Basic observations of star formation



Galaxies in different wavelengths

Image by Markus Pössel



SFR indicators

Kennicutt & Evans 2012



Kennicutt-Schmidt relation

Bigiel et al. 2008 • Kennicutt & Evans 2012



Stellar initial mass function (IMF)



Pipe Nebula • Yuri Beletsky/Las Campanas • Alves et al. 2007 • Slide inspired by Karen Sandstrom

Dense core 
mass function

Stellar initial 
mass function ≈ 1/4



The cloud lifecycle

Schinnerer & Leroy 2024



The cloud lifecycle

Chevance et al. 2019



§9.3 • The role of turbulence



Are GMCs gravitationally bound?

Dobbs et al. (movie page) 

https://empslocal.ex.ac.uk/people/staff/cld214/movies.html


Are GMCs graviationally bound?

Dobbs et al. (movie page) 

https://empslocal.ex.ac.uk/people/staff/cld214/movies.html


Federrath et al. 2017 (movie page)

https://www.mso.anu.edu.au/~chfeder/movies.html


Turbulence

van Dyke 1982



Caprace et al. (youtube) 

https://www.youtube.com/watch?v=hinY5saodc8&ab_channel=AmericanPhysicalSociety


Turbulent cascade

Banerjee et al. 2014



Turbulence

Richardson 1926

Big whirls have little whirls that feed on their velocity, 
and little whirls have lesser whirls and so on to viscosity.



Turbulent power spectrumlog E(k)
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Turbulent parameters in the ISM

Lequeux 13.3§



Turbulent power spectrum

Beattie et al. 2025



SILCC project (website) • Walch et al. 2015 

https://hera.ph1.uni-koeln.de/~silcc/


Size-linewidth relation

Larson 1981



Are GMCs graviationally bound?

Kauffmann et al. 2013
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Turbulent parameters in the ISM

Bialy & Burkhart 2020



Density PDF

Burkhart & Mocz 2018
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Draine 
• §41.1 

• §42.3-5

Reading


