
Theoretical Astrophysics Homework:

3.b Star Formation and Dust

Due: October 19

Problem 1:
Suppose it is determined that dust results in a difference in absorption of AB − AV = 1.0
magnitudes between the blue and visual bands at λB = 4300 Å and λV = 5500 Å , respectively.
If the absorption is due to particles of size comparable to the wavelength and Aλ = C/λ exactly,
what is AV in magnitudes? What is the reduction in intensity F/Forig resulting from this
absorption in the visual band?

Problem 2:
Show from the ideal gas law and the relation for adiabatic compression, PV γ =constant, that
T ∝ P 2/5 for adiabatic compression or expansion of a monatomic ideal gas.

Problem 3:
Carroll & Ostlie Problem 12.11

Problem 4:
Use the relation between Teff , M and R for a protostar,
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to find the difference in Teff and radius for an M = 2M� protostar with L = 100L� and L = L�,
the approximate beginning and end of Hayashi contraction.

Additional problems for AY 521

Problem 4:
H− abundance: Consider a gas of 6 species: neutral H, fully ionized H+, H−, Neutral Na, singly
ionized Na, and free electrons. The gas is in ionization equilibrium:

χH + H � H+ + e−

χm + H− � H + e−

χNa + Na � Na+ + e−

Ignoring g-factors, the latter equilibriums lead to the Saha equations:
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Where χm = 0.75 eV is the binding energy of H− and χNa = 5 eV is the first ionization energy
of Na.

Assume that the medium is almost pure hydrogen so that nH,tot = ρ/mp, where ρ is the
mass density, and nH,tot is the number density of H in any ionization state. Also assume,
for convenience, that there is no H+, a good assumption below about 8000 K, and use ρ =
10−8 g cm−3 throughout. Although these are not actually decoupled, you can get an idea of the
role of Na ionization (and other trace low-ionization energy elements) by doing the following two
steps:

(a). Assume that the only species are Na, Na+, and e−, and that the number density of Na
nuclei, neutral or ionized, is 10−5nH,tot. Use charge neutrality along with this constraint
on the total Na and the Na-Na+ Saha equation above to find ne as a function of T for T
between 1000 and 6000 K. Plot this.

(b). Assume the ne(T ) resulting from the previous part. Perform a separate calculation of n−
based on the H−-H Saha equation and the constraint that the mass density ρ, given above,
is related to the total number of H atoms, regardless of their ionization state. Continue to
assume that there is no H+. Put these together to plot n−(T ) between 1000 and 6000 K.
At approximately what temperature does it peak?

Finally, derive the Saha equations given above and that for H ionization, using the chemical
potential equations expressing the equilibrium processes given. Argue from the number of knowns
and constraints that a solution that gives all number densities including n− is possible if T , ρ and
the total number of Na nuclei per H nucleus is specified. Clearly state the system of equations
that would need to be solved, using a multi-dimensional root-find.
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