
Interstellar Extinction

<Extinction> = <Absorption> + <Scattering>

Star cluster

Cloud we are not aware of

Evidence of extinction
(a) dark clouds in photographs
(b) Statistically star clusters brightness  size

e.g., dimmer  smaller, but Trumpler in 1930s 
found clusters appear fainter

(c) star count





1930, PASP, 42, 214



Prediction of a uniform galaxy

Assumptions: 

(i) stars uniformly distributed: D stars pc-3

(ii) our galaxy infinite in extent
(iii) no extinction
(In reality, none of the above is true!) 
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Star Count



Total number of stars out to r

If all stars have absolute magnitude M (i.e., same 
intrinsic brightness --- another  untrue assumption), since 

100.6 ~ 4, so # of stars increases 4 
times as we go 1 mag fainter

This is logically unlikely, because if we integrate over m, the 
sky would have been blazingly bright  (Olbers’ paradox)



Olbers’ Paradox --- Why is the night sky dark?
The paradox can be argued away in the case of the Galaxy 

by its finite size, but the same paradox exists also for 
the Universe  expansion of the Universe

The star count result was recognized by Kapteyn 
Kapteyn Universe: star density falls as the distance 
increases

Extinction effect: If w/o absorption we observe m mag, 
then with a(r) mag absorption at r, we would observe m
+ a(r)

Without extinction: 



So the apparent distance r’ (> r)

So dimming of 1.5 mag 
 overestimate of distance by 2 x 
 underestimate space stellar density by 8 x

Both the star density falling off and extinction should 
be taken into account  Galactic structure

Galactic poles: minimal extinction

Galactic disk: extinction significant ~ 1 mag kpc-1



In general, 

Because Fλ,0 : flux that would have 
been observed w/o extinction 

and

Nd: # of dust grains cm-2

σλ : geometric cross section (=πa2)

Qext: [dimensionless] ‘extinction efficiency factor’ 
= [optical cross section] / [geometric cross section]

Qext:  Qe(λ)

Note: Aλ λ



Why dust? (what causes 1 mag kpc-1)
Possibilities: 
(1) Scattering by free electrons --- Thomson scattering

Since

1kpc

(2) Scattering by bound charges --- Rayleigh scattering? 

Both σR <σT 
~10-100 x
~ 104



(2) Absorption by solid particles?

For particle radius ~ wavelength, Qe ~1
Size of grains

1% of Oort’s limit

If ρ(material) ~ 2 g cm-3Volume mass density

Note: wavelength dependence 
Extinction Q ~ λ－1

Thomson ~ λ0

Rayleigh ~  λ－4



Oort’s Limit
v(z)  ρ(z)

ρ(z): (total) mass density; v(z): velocity dispersion of stars

Poisson eq.

observed yielded

~ about 2-3 H atoms 
cm-3 assuming He/H ~ 
10% by number  

So, a volume mass density of 4 x 10-26 g cm-3 is ok, and 
if dust is responsible for the extinction, this implies a 
gas-to-dust ratio of ~100





http://spiff.rit.edu/classes/phys230/lectures/ism_dust/ism_dust.html



The grains appear to be loose conglomerations of smaller specks of 
material, which stuck together after bumping into each other. 



Selective Extinction 
--- the wavelength dependence of extinction

Choose 2 stars of the same spectral types and luminosity 
classes.  Observe their magnitude difference Δm at λ1 and 
λ2

Δm is caused by (1) different distances, and (2) extinction 
by intervening dust grains

OB stars are good choices because they can be seen at 
large distances and their spectra are relatively simple

Observed at 2 λs: Δmλ1 －Δmλ2 
distance dependence canceled out 

Δmλ1 －Δmλ2 = Δ(Aλ1 － Aλ2)



If Aλ2 = 0, e.g., a nearby star with negligible extinction

Eλ1－λ2 = (mλ1 －mλ2 ) － (mλ1 －mλ2 )0

E.g., λ1=4350 Å (B band) , λ2=5550 Å (V band)

EB-V [color excess] = [measured color] – [observed color]

Always shorter 
minus longer, 
e.g., E(B-V), 
E(I-K), E(U-B)

EB-V = (B-V) – (B-V)0 = AB - AV

Intrinsic SEDIS reddening Observed SED



Total Extinction   Quantified by AV (at 5550 Å)

Ratio of total-to-selective extinction

A generally accepted value <R> ~ 3.1 +/－ 0.1, 
i.e., AV= 3.1 E(B-V) 

NH/E(B-V) = 5.8 × 1021 H atoms cm-2 mag-1

AV can be estimated by observing stars

The estimate is not reliable toward any particular 
direction or object, because of clouds are patchy. 

In dark molecular clouds, R can be large ~5-7
large R value ~ large average size of dust grains 



Whitford (1958) AJ, 63, 201  Distant stars appear 
redder than nearby stars of the same spectral type.



The ‘normalized’ extinction (extinction law)

In the visible 
F(λ) ~ 1/λ

The UV ‘bump’ 
1/λ~4.6 μm 
λ~2200Å

F(V) = 0

F(B) = +1

Find 
AB/AV=?





In FIR, extinction law F(λ) ~ －3

At other wavelengths, 

Or equivalently

http://spiff.rit.edu/classes/phys230/lectures/ism_dust/ism_dust.html





Stellar atmosphere  absorption lines

ISM dust  extinction profile with no strongly 
marked lines or bands, except a few weak bands at 
3.1 μm (H2O ice) and 9.7 μm (silicates) 



Chen & Graham 1993, ApJ, 409, 319



http://www.astron.nl/miri-ngst/old/public/science/phase-a/phase-a-images/mario_fig.jpg





So it all amounts to discussion of Qs (efficiency)

Qext = Qsca + Qabs

+

Absorption Scattering

Scattering by spherical particles (the simplest case) 
Mie scattering



Cross-Linked Hetero Aromatic Polymers in Interstellar Dust
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Abstract: The discovery of cross-linked hetero-aromatic polymers in interstellar 
dust by instruments aboard the Stardust spacecraft would confirm the validity of 
the biological grain model that was suggested from spectroscopic studies over 20 
years ago. Such structures could represent fragments of cell walls that survive 
30km/s impacts onto detector surfaces.   Astrophysics and Space Science, 2000



Scattering ….
Size of particles ≈ a
1. 2πa << λ (radio)  scattering ↔ λ

Iscattering   λ-4 ( Rayleigh scattering )
∴ Blue sky

2. 2πa >> λ   scattering ≠ λ
∴ Gray sky in a cloudy day!

3. 2πa ≈ λ (dust, optical)  Iscattering  λ-1

 Interstellar reddening (紅化)

λa



http://www.astro.spbu.ru/DOP/8-GLIB/ASTNOTES/node2.html

m = ∞ Dielectric
m = 1.33 Ice
m = 1.33 – 0.09 i Dirty ice
m = 1.27 – 1.37 i Iron

Index of refraction
m = n – i k

x=2πa /λ = dust size/wavelength

Small particles                   Large

IR                                            UV



• In Earth’s atmosphere, scattering 
~λ-4 for small particles
~λ0 for large particles

• In ISM at visible wavelength, scattering
~λ-1 particle size ≒ wavelength ~ 0.5 μm

• For large particles, Q ~ 2, 
i.e., σ~ 2 times geometric cross section, because light 
diverges over larger extent



Rayleigh Scattering by Small Particles

Polarization of 
plane wave, λ

Dielectric sphere, a, 
2πa << λ

Sphere will oscillate with the E field 
 sphere radiates like an electric dipole

where     is acceleration



Poynting vector

Qsca = σ/ π a2

…

λ-4

λ-1

m = n – i k
x=2πa /λ = dust size/wavelength

Qext = Qsca + Qabs



Note: 

• When m is real, i.e., no imaginary part 
 no absorption

• With the imaginary part, most extinction at small x
comes from absorption  Qext increases

• For pure ice, transmitted and refracted signals interfere 
 large scale oscillation 

• If there is impurity (internal absorption) 
 oscillation is reduced
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