
AY 20                  Fall 2010

Interstellar Gas
Formation of Stars  

Reading: Carroll & Ostlie, Chapter 12.1, 12.3



2

From last class

In ISM, dust mass ~ 1/100 gas mass
Nevertheless, extinction mainly due to dust                 

= many non-spherical particles 
graphite or silicate cores with icy mantles, PAHs

sizes ~ few x 0.1 m  Ǻ
 

scales (PAHS)

ISM principally hydrogen, HI, H2

 

, HII
Diffuse HI clouds detected from 21 cm line observations
Absorption at 21cm due to spin-flip transition in H atom
HI

 

µ
 

NHI

 

in optically thin case and AV ~ dust

 

µ
 

Ndust
Plots of NHI

 

versus AV

 

show good correlation NHI,& Ndust


 
gas and dust well mixed for AV

 

< 3   galaxy structure
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Eeeeee
HI only 

Column density of 
hydrogen  
correlates with Av

 
(or EB-V

 

)
eeeee

HI + H2

Woe
woe

Savage & Mathis 1979,  ARAA 17, 86

Ndust

 

from 
UV spectra
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UV radiation (λ
 

< 912 Ǻ) from O and B stars ionizes HI
Central star temperatures required > 30,000K

Recombination lines when protons, free electrons 
recombine to excited state

photons of different energies emitted in cascade to 
ground state

n = 32 transition dominates i.e. Hα
 

(6565 Ǻ)
emission from HII regions is red

Lagoon nebula in Sagittarius
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Size of HII regions Massive star embedded in dense H2

 

cloud
stellar UV photons dissociate H2

 

, ionize HI
simultaneously, electrons, protons recombine  



 

more HI
Each ionization removes a photon from beam
& star has fixed possible UV photon output



 

size of region ionized is limited
For uniform density, ionization spreads 

isotropically, filling a sphere


 

Strömgren

 

sphere 

Require that  ionization balance holds at each location within sphere

i.e. ionization rate for any parcel of gas =                    
recombination rate of protons  and electrons in same parcel

Also, ionization rate = rate

 

at which ionizing photons emitted by star

 = N*

 

(recall: ionizing photons have energy > 13.6 eV; i.e. λ

 

< 912Ǻ)

For stars with spectral types 04 to B2, masses 70 to 10 Mʘ

 

, values of 
log N*

 

vary from 49.9 to 44.8/sec
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Determining the Strömgren
 

radius

Ionization balance requirement:
Number of UV photons/unit time/unit volume =           

Number of recombinations
 

/unit time /unit volume
And number of recombinations

 
/unit time /unit volume         

µ
 

number density of electrons x number density of atoms
= αne

 

np

 

(where
 

α
 

is recombination coefficient =        
probability of recombining)
N*

 

/4/3πr3

 

= αne

 

np

 

= αne
2

r3

 

= 3N*

 

/4πα
 

x ne 
-2/3

Strömgren
 

radius,                         

VERY DRAMATIC BOUNDARY!
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COVER THIS UP AS MUCH AS POSSIBLE

= 3.5 X 3.1 X 1018/1,5 X 1013

 

AU

Need to evaluate 

For HII region
at 8000K



8

Stars form in molecular clouds (H2

 

)
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Jeans Criterion: for collapse Mc

 

> MJ

= Jeans Mass
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Jeans Criterion also applies to cloud size
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Numerical solution for
homologous collapse
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not quite thermodynamic equilibrium
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