
AY 20                  Fall 2010

Interstellar Gas &Dust 

Reading: Carroll & Ostlie, Chapter 12.1
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3ρ

 

Ophiuchi

 

star forming cloud



4

m-
 

M = 5log d (pc) –
 

5 + Aλ

 

(mag)
 

(to include extinction)
change of magnitude due to extinction 

 
optical depth                

in line of sight:  Aλ

 


 

λ
λ

 

= σλ
 

Nd

 

, where Nd

 

= column density of dust particles


 
Aλ

 


 

λ
 

= σλ
 

Nd
extinction µ

 
number of grains in line of sight if

 
σλ

 

constant
Mie scattering: when particle size ~ wavelength of radiation, 

σλ
 

µ
 

1/λ
optical radiation is reddened since blue light scattered  

preferentially
reddening distorts Te

 

, distance modulus etc 
Correct using color excess: EB-V = (B-V)measured

 

– (B-V)0
Empirically,

 
EB-V

 

= 3Av

From last class
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determining distance of reddened objects

(B-V) from observations. (B-V)0

 

from spectral type. 
color excess EB-V

 

= (B-V) –
 

(B-V)0

And Av

 

= 3 EB-V

Hence distance from m-M = 5logd -5 + Av

e.g. Suppose a star has B = 14m.41. V = 13m.54 and EB-V =0m.25
B-V = 14.4 -13.54 = 0.87

Intrinsic color (B-V)0

 

= B-V -
 

EB-V = 0.87 -
 

0.25 = 0.62
Hence BC = 0.07 and Teff

 

~ 5800K (from tables) 
Mv

 

~ Mʘ

 

= 4.7, and Av = 3EB-V

 

= 0.75
5logd = 5 -

 
0.75 + 13.54 -

 
0.07 -4.72 = 0.28 + 12.72 = 13.0

 d corrected for reddening
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As λ

 

increases,  Aλ

 

 0 or PAHS
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Gas in the ISM
~1900: some absorption lines in the spectra of binary stars remain 

fixed as other lines reflect binary motions 
circumstellar or interstellar lines?

radial velocities of fixed lines match Milky Way arms
fixed lines very narrow (gas colder, more diffuse than in stellar 

photospheres)
same line seen multiple times 

 

different cloudlets ( or different arms)


 

interstellar origins for lines
Typical lines: visible –

 

NaI, CaII; UV -

 

Lyman α

 

(1216 Ǻ)
ionized lines due to UV radiation from new stars

Lyman α

 

(HI mostly in n=1 state) requires rocket measures         
more recently: satellites

i/s

 

absorption lines towards ζ

 

Ophiuchi
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ISM mostly HI, HII, or H2

 

(molecular hydrogen)
(70% H, 28% He, 2% metals)

gas, dust well-mixed: ndust

 

~ 10-13/cm3, <ngas

 

> ~ 1/cm3 

mass ~ 100 X dust mass
BUT dust opacity/unit mass >> gas opacity/unit mass

Five phases of interstellar gas
T(K)      n (cm-3)

Very cool molecular clouds (mostly H2

 

)           20         > 103

Cool clouds (mostly HI)                                  100    20
Warm neutral gas envelopes of cool clouds  6000      0.5-0.3
Hot ionized gas (HII regions)                      8000        >0.5
Very hot diffuse ionized “coronal”

 

gas          
ionized, heated by supernovae  explosions       106

 

10-3



9



10

Observations of 21 cm line hydrogen column density
since optical depth at line center

 
H = NH

 

/T ∆v, where 
∆v = full width at half-maximum (km/s)

For dust, AV µ
 

D = σV

 

ND

Observations of ND and, NH towards different stars 
show that for small AV

 

, ND µ
 

NH
Thus gas and dust coexist

For AV

 

> 3, correlation invalid
In optically thick clouds, dust shields hydrogen from UV 

radiation
reduced dissociation of H
H2 formation rate enhanced

i.e. hydrogen still present but in molecular form
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cannot measure directly
in cold clouds
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ISM Summary
Properties of interstellar gas and dust

Phenomena caused by ISM
woedswords
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