
To date: 

Observational manifestations of dust: 
1. Extinction 

absorption/scattering diminishes flux at wavelengths 
comparable to light 
implies particles (grains) of size 1/   ~ 0.1 - 0.2 m  
Extinction curve indicates grain composition, temp 
 

2. Lower (compared to solar) heavy element 
abundances 

atoms stick to grains  heavy element depletion 
depletion  scales with condensation temperature 
more embedded stars display more depletion 
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Extinction Curve (Mathis 1990 Ann Rev Astr Ap) 
)  

Each curve characterized by  
total to selective absorption   

RV = AV/E(B-V) , and  
A /AV = 1/RV .E( -V)/E(B-V) +1 

As   RV = - [E -V/EB-V] 
 

Value of R depends on material in 
line of sight to each star 

 
diffuse ISM ~ 3.1 

dense molecular clouds 4-6 
 
 
 

 

Graphite? 



Extinction Curve 

(Indebetouw et al. 2005) 



Spectra from 
ISO  SWS 

 
ice features much 
stronger along line 
of sight to galactic 
center (Sgr*)  than 

in diffuse ism 
 

much more 
obscuring material 

towards GC  
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Dust in the Interstellar Medium  Manifestations 

3. Correlation between dust and gas (HI , H2, HII)  
- Column density of grains in dense clouds high                            

  high optical depths  in visible, UV                                                        
      dense clouds shield molecules, prevent dissociation 
     sites for molecule formation, especially H2 

     enables star formation 
 
Not surprising: from 21 cm HI line observations:            

HI ~ NH/T v, where v is full width at half maxumum  of line (km/s) 

And for dust,  A    = VND  

 
  Implies that ND  NH i.e. gas and dust co-exist 
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NHI NHI+H2 

Recall AV  3(B-V) 

Savage & Mathis 1979 ARAA 

Copernicus obsvns of HI (Lyman ) and H2 (UV absorption lines) 



For AV  3, NHI  E(B-V) 
observations  NHI /E(B-V) = 4.8 x 1021 H atoms cm-2 mag-1 

 

For AV  3, NHI+H2  E(B-V) 
NHI +2NH2/E(B-V) = 5.8 x 1021 atoms cm-2 mag-1 

 

Since R = AV /E(B-V) = 3.1 
(NHI +2NH2)/AV  = 1.87 x 1021 atoms cm-2 mag-1 

 and AV  V = VND  
(NHI +2NH2)/AV  gas to dust ratio 

Substituting for mass of hydrogen atom and V  
Dust to gas mass ratio 1/100 

 
Variations in R and gas to dust ratio seen in other galaxies 

e.g. LMC, SMC (Magellanic Clouds) 
Differences in grain size, composition, environment? 
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Absorption and scattering by small particles 

Extinction - a combination of absorption and scattering 
Scattering  direction, frequency of incident photon changes 

- becoming bluer (1/  dependence of extinction) 
Absorption  followed by re-radiation at different  

[temperature of dust grain from radiative energy balance]  
For ISM, T~ 10-20K.   Near a hot star, T ~ 20,000K 

 maxT = 0.29, respective values of max are 
300-150 m and  1450Å 

UV radiation is re-emitted at IR wavelengths 
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Tielens  Chapter 5.1, 5.2 
Draine Chapter 22.1-22.5 



For objects of size a >>  wavelength of incident photon, 
absorption cross-section = geometric cross-section 

d= a2 
For much smaller particles,  

d = a2Qext( )nd, where Qext( ) is the extinction efficiency 
 

The extinction cross-section  Cext(  ) = Qext( ) d  

Cext(  )  Cabs(  ) + Csca(  )  and 
Qext   Qabs +Qsca 

 Csca /Cabs+ Csca = Csca /Cext = the albedo 
 

 Qext  Cext/ a2  with equivalent expressions for  
Qabs  and Qsca  

Qs are function of grain size and scattering angle 
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To describe  scattering and absorption of e-m waves by 
particles  i.e. to calculate Qabs and Qsca - have to 
consider response of the target to the oscillating 

electric field E = E0e-i t.  
This response is characterized by a complex dielectric 

function ( ) = 1 + i 2 and a complex refractive index 
m( ), where m= .  

In terms of m, wave vector k = m( ) /c 
and E  eikx - i t  e-lm(m) x/c 

Very small grains, a << , experience a uniform E field 
and Cabs = 4 /cIm( ), Csca = 8 /3( /c)4l l2 

 = electric polarizability of grain 
Electric dipole moment of the grain P = E 
E is instantaneous applied electric field 
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In principle, Qabs and Qsca can  be calculated for grains of any 

size, or shape from the complex refractive index                    
- .  

 
In optical and UV, particle size a not necessarily <<  

 assume plane wave incident on a sphere of refractive index m 
 Mie theory, constrained by need to have plane wave at , 

and to maintain continuity conditions sphere surface 
Scattering depends on a/  and m( ) (both dimensionless) 

 
Basic parameter = phase shift of wave travelling  distance a 

within grain = 2 a lm-1l/  
 

Qs calculated as function of size parameter x = 2 a/  
Effectively an expansion in powers of x 
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Limiting cases: 
   a<< , x<<1;; a>>  x>>1 
For a/    , Qext  2 

 For large particles, 
scattering dominates and 
extinction x-section =                   
2 x  geometric x-section 
For a/  << 1, polarizability, 

,  and complex refractive 
index, m, are involved  
Since Csca = 8 /3( /c)4l l2 

Qsca = 8 /3( /c)4l l2/ a2 

= a3(m2-1)/(m2+2) 
Qsca = 8 /3(2 a/ )4((m2-1)/(m2+2))2  
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Qsca = 8 / 3(2 a/ )4[(m2-1)/(m2+2)]2 

 
For m real,tending to , zero absorption,  

Qext = Qsca  (1/ )4       -  Rayleigh scattering 
 

For m complex, 
Qabs  - -4(2 a/ )Im [(m2-1)/(m2+2)] 

Qabs  1/  - dominates extinction at long wavelengths 
  

For a point source ( )grain = ngrain ( sca + abs)dl 
 

 Large grains:  and  independent of   
Small grains: sca  (1/ )4, abs  1/  

 
Extinction  more dominant at shorter s- optical and UV 
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1.3mm 

Peering into the darkness 
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COMPLETE Extinction Map 
(Ridge et al. 2006) 


