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1.  Apai paper (Science) 
 ? Evidence for evolution toward planetary systems – see figures 1 & 2 
 claimed relation between flattering and  crystallinity 
 

 

 

Figure 1 
Apai et al. (2005) Science 

Figure 2 
Apai et al. (2005) Science 
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2. Question: what is the difference between 
 (a) Extinction 
 (b) Absorption 
 (c) Scattering 
 
Dust optical depth 
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= 1 for pure scatterers    = 0 for pure absorbers 
 
Question: In the large distance approximation for a/λ bigger lines λ, what is the albedo? 
Babinet’s principle 
 
Schematic of how you observe extinction: 
 
 
 
 
 
 
 
 
 
 
Plot in logarithmic terms (magnitudes, apparent, with the zero suppressed), with the absolute 
stellar magnatude subtracted from each color to remove the stellar properties.  See Figure 3 
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What you measure easily is E(λ1 – λ2)  
 
Question: (Always bluer color first, why?)  
You can normalize to B – V and plot curve (Figure 4) – “2200 Α bump” – 
graphite 

 
 
 
 
 
 
 
 

Apai et al. (2005) Science 
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Figure 4a: Savage and Massa 1988, IAU 135 
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Question: How do you tell what 

! 

A" /E("1 # "2)  is? 
 
(a) Observe star of known color of known distance 
(b) Observe at a long wavelength where 

! 

A" = 0   and the bootstrap excesses.   
 

  

Figure 4b: Standard interstellar 
extinction curves by Savage and Mathis 
(1979 ARA2, 17, 733), Seaton (1979, 
MNRAS 187) 

Figure 5 Van de Hulst 



 5 

 
 
 
 
Figure 6    Silicate feature  - note that it will appear in emission too! 
 
Genzel (1991) In “The Galactic Interstellar Medium”  
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    = 3  for standard curve.    It can = 5 in dense clouds 

 
 
 
Question:   How can we tell which curve to use? 
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Question: How else can we measure 

! 

R" , apart from stars? 
a)  Nebular decrements – especially Balmer 
b) Hydrogen H2 lines 
 

 

 
 

Rosenthal, et al. (2000) A&A 
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Question: Why is this bullet proof as far as excitation goes?  - Take pairs of lines arising for the 
same upper state. 
 
Question: What complication might arise using extended emission line regions – clumpiness of 
τ. Why is this a problem? 
 
For years, the game was to build models that take into account grain composition and size 
distributions and can account for extinction, scattering, and emission properties of dust. 
 
Dust doesn’t scatter isotropically, we describe the directionality with a cosine weighted integral 

of the angular scattering function 
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Radiation Pressure 
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CRP = Cabs + (1" g) Csca  
                                               
                                   i.e. less important for forward scattering 
 
 
Question: Why do we care about radiation pressure? 
1) Red giant winds 
2) Migration of grains in protoplanetary disks 
 
Measuring Extinction in extended regions: 
1) Star counts – photographic materials – saturation 
2) “Nice” method – works to higher Av 
 
 
 
 


