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19 Astro notes 2018/10/8 - Mon - Protostars, Dust,

Stars

19.1 Hayashi contraction phase continued

Why does contraction occur at nearly constant surface temperature?
Last time we got
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And for fully convective star:
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So now we NEED to understand the opacity, κ, at the photosphere.
Putting in Thompson scattering – which is the opacity from free electrons also called

“electron scattering” opacity – gives a solution that is so cold that electrons can’t be free,
inconsistent. What Hayashi did is find that the main opacity is from H−. The last electron
is very weakly bound, about 0.75 eV. We’ll find that the temperatures are 2000-3000 K.
Electrons come from reactive( or low valence energy) elements Na, Li, etc. This process is
very temperature sensative, at lower temp, metals not ionized, at higher there is no H−.

The opacity is from the photo-ionization of H−, γ + H− → H + e−. Figuring out the
opacity is hard. The fitting form is

κH = 2.5× 10−31ρ1/2T 9 cm2/gr

put this into the above and you get
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Almost independent of the radius, so the lines are vertical. Also the increase in effective
temperature with mass. You will show in the homework that this relation allows the star
to have a wide range of luminosities with nearly the same Teff .
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19.2 Dust extinction

observed magnitudes are effected by extinction

mλ = Mλ + 5 log10 d− 5 + Aλ

where d is the distance in parsecs and Aλ > 0 is called the extinction. The amount of
extinction depends on wavelength, even for the same amount of dust. The amount of dust
is typically measured using optical depth. For some intensity field (parallel flux rays) Iλ,

Iλ
Iλ,0

= e−τλ

where τλ is called the optical depth. Working this out gives

mλ −mλ,0 = −2.5 log10(e−τλ) = 2.5τλ log10 e = 1.086τλ

or
Aλ = 1.086τλ

The optical depth is found by integrating the cross section along the line of sight

τλ =

∫ z

0

nd(z
′)σλdz

′

where n is number density and σλ is wavelength-dependent cross section. Larger σ blocks
more light. If σλ is constant

τλ = σλNd

where

Nd =

∫ d

0

nd(z)dz

is called the column depth.
For dust we can express

σλ = Qλπa
2

where πa2 is the simply geometric cross section. Q is the extinction coefficent. For large
λ, Q ∼ a/λ so that

σλ ∝
a3

λ
for λ ≥ a

which goes to zero for long wavelengths, and for small

σλ ∝ a2 for λ� a

Real dust will have some distribution of a values.
Since the cross section is wavelength dependent, dust changes the color of the light. i.e.

the relative amount at different wavelengths. This is often given as a color excess:

(B − V )actual − (B − V )observed = E(B − V )

Note that that E(B−V ), since it linear in the log of the flux, is therefore multiplicative in
flux, and therefore is the same for any object along this line of sight. Thus you will often see
E(B − V ) quoted for a cluster since the light from all stars passes through approximately
the same column of dust.
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19.3 Initial mass function

Some comments on initial mass function, i.e. the relative number of stars of different masses
at the end of star formation. Peaks just under 0.1M�. Decreases steeply to higher masses.
In the classic form this decreases as M−2.35, so there are hudreds of solar mass stars for
each few stars of order 10-20 solar masses.
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