Astronomy 404
September 16, 2013

Chapter 8. The Classification of Stellar Spectra
What determines the spectral line strengths?

* Maxwell-Boltzmann velocity distribution
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At thermodynamic equilibrium :
* Boltzmann Equation - population at different energy levels
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* Saha Equation - population at different ionization stages
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where Z is the partition function, a weighted sum of the numbers of
states (statistical weights g) of all energy levels:
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A free electron have two possible spins, ms = £1/2, thus “2” in Saha Eq.

For hydrogen, HI — HII, y; = 13.6 eV.
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Therefore, Z1 = g1 = 2.
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[Note: When n — o, 2x n?x e — 2xn2xe
The sum diverges, but when n — o, the atomic orbitals overlap
with neighboring atoms, and the electrons are no longer
associated with a single nucleus.]

Zu=1.



Saha equation:
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Sometimes the pressure of the free electrons, P, is used in place of the
electro density n.. Applying the ideal gaslaw P. = nek T, the Saha
equation can be written as:
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The electron pressure Pe ranges from 0.1 N m2 for atmospheres of
cooler stars to 100 N m for hotter stars.

For a pure hydrogen atmosphere with P. = 20 N m2,

NII/Ntotal = NII/ (NI +NH) =

Nyi/Np
1+ NII/NI

Ni / N1 can be calculated from the Saha equation.

NII/Ntotal =

8,300-11,300K or

= 0.5

0.05 at T= 8,300K
at T= 9,600K
0.95 at T=11,300K

~ 10,000 K

“Partial Ionization Zone” for hydrogen.
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Balmer line strengths depends on N2 (number of HI at n = 2).
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N2 / N1 from Boltzmann Equation
Niu / Ni from Saha Equation

Caution: Saha equation is valid only if the gas is in thermal
equilibrium and Maxwell-Boltzmann velocity distribution is
obeyed. Density cannot be too high (<1 kg/m3), or the
neighboring ions will interfere with the electron orbitals.

Earth air at sea level at ~300 K has a density of ~1.2 kg/m3,
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Excitation Tonization
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Why are the Call H+K lines stronger than Balmer
lines in the solar spectrum?

T=T.=5777K
Pe - 1.5 N m-z
Nca:Nu = 1: 500,000

Saha equation:
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Boltzmann equation:
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Therefore,

N2 =( N2 )( M ):5.06x10—9
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for hydrogen.



Now Calcium.

Cal has an ionization energy 1 = 6.11 eV, less than %2 that of H .
This difference in 1 makes a big difference in Saha equation, because
KT ~ 0.5 eV, and e~13:6/05 << =6.11/05

Ca Z1=1.32, Zu=2.30

Saha equation:
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Practically all Ca atoms are in the form of Ca II !!!

Call H&Klines are 396.8 nm & 393.3 nm
E>-E; = h¢/A = 3.12eV

gi1=2, g2= 4

Boltzmann equation:
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The great majority of Ca Il atoms are in the ground state.
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= (0.995.

99.5% of Ca atoms are in Ca II ground state, ready to absorb.




# of H atoms ready for Balmer lines / # of Ca atoms ready for H&K
= (500,000) x (5.06x109) = 000253 =1/395

Therefore, Ca Il H&K lines in the solar spectrum are much stronger
than the hydrogen Balmer lines.
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The first person to determine the composition correctly was
Cecilia Payne (1900-1979). In her 1925 PhD thesis, she
determined relative abundances of 18 elements in stellar
atmospheres.



Stellar Atmospheres

Stellfar Atmospheres

» How does energy propagate through and emerge from the
surface of a star?

e Star composed of layer upon layer of small packets of gas:
— absorbs light from lower layers
— emits light into upper layers
— maoves up or down carrying energy

— collide with other packets transferring energy

Solid Angle
» Solid angle: 2-D analog of an angle — apex of a cone.
¢ 1-D angle — arc length, s; salid angle — surface area, A:
rdd =ds  r?dQ = dA
e Unit: steradian, sr — 4 srin a spherical surface.

= Small element of solid angle, dS2, in spherical coordinates:
— Side 1 has length d6
— Side 2 has length sin 8d¢
— Area d2 = sin 8dfdo

[da= [02"]0”sm9d9d¢ = ["sin 9dej02"d¢ =2.27
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dQ = sin 6 d6 dd
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E, dAis the amount of energy that the light rays carry into the
cone in a time interval dt.
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The specific intensity of the rays is defined to be:
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The unit of specific intensity is W m-3 sr-1. The Planck function
B, is an example of specific intensity.



