




















Stellar Atmospheres
Ay101
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How deep can we see into a slab of material?

About 1 optical depth 𝛕
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At which wavelength are you seeing deepest into the photosphere?
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Hydrogen energy level diagram
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Which line is stronger?
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A general curve of growth for the Sun
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Solar and stellar activity

• Why are magnetic fields the way that they are?
• What heats the outer layers of the solar atmosphere?
• What causes spots, loops, flares, and mass ejections?

• Activity on other stars? How might this affect exoplanets?

• How to account for stellar activity when analyzing spectra?
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Measuring abundances of other stars
Using stellar spectra to study galaxies

• The search for the first stars

• Stellar abundance patterns in galaxies

• Galactic archaeology
• Untangling the Milky Way’s and Andromeda’s formation history
• Tracing “nucleosynthetic” events (events that make elements)

15



My research: studying the physics of supernovae
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• Chemical abundances in 
planet atmospheres

• Finding exoplanets using the 
radial velocity method

Using stellar spectra to study exoplanets
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Ay101: The Curve of Growth 
 

The curve of growth is the relationship between an absorption line's equivalent width 𝑊" and 
the number density of absorbing atoms n. In this activity, we’ll investigate the parts of this curve. 
 
1) Using the definition of optical depth τ, how does τ scale with number density n? 

𝜏 = 𝛼	𝑑𝑠 = 𝜎 𝑛	𝑑𝑠, so assuming density is constant with s: 𝝉 ∝ 𝒏 
 

2) The figure below shows Gaussian (blue and purple) and Lorentzian (red and green) line 
profiles for a weak line (τ << 1). Which type of line profile dominates? 

      
 
 
3) For the line profile you answered in #2, the left plot below shows weak lines (τ << 1) while 

the right plot shows strong lines (τ > 1).  
 

a. In both plots, does 𝑊" increase or decrease as you increase τ? increase 
 

b. In which plot does 𝑊" depend less strongly on τ? right plot 
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In a Voigt line profile (a 
combination of Lorentzian and 
Gaussian profiles), the Gaussian 
profile dominates for weak lines.	



4) The figure below shows Gaussian (blue and purple) and Lorentzian (red and green) line 
profiles for a very strong line (τ >> 1). 

 
a. Which type of profile dominates?  
 
A Lorentzian profile dominates for very 
strong lines. 
 
b. For this strong absorption line, does 
𝑊" depend more strongly on optical 
depth for the Gaussian or for the 
Lorentzian line profile? 
 
𝑊" depends more strongly on 𝜏 for the 
Lorentzian profile. 
 

 
5) Let’s put it these ideas together to make a curve of growth. 
 

a. Weak lines: The equivalent width 𝑊" scales linearly with optical depth τ. Using your 
answer to #1, how does 𝑊" scale with number density n? 

𝑾𝝀 ∝ 𝒏 
 

b. Strong lines: Line saturation occurs when an absorption line becomes optically thick 
and begins to “bottom out.” Based on your answer to #3, what happens when an 
absorption line begins to saturate: does the scaling between 𝑊" and n get stronger or 
weaker than in #5a? 

𝑾𝝀 depends less strongly on n than in #5a. 
 

c. Very strong lines: What happens when the line profile from #4 begins to dominate: 
does the scaling between 𝑊" and n get stronger or weaker than in #5b? 

𝑾𝝀 depends more strongly on n than in #5b. 
 

d. Use your answers from parts #5a-5c to sketch a curve of growth.

 

Wavelength	

No
rm

al
ize

d	
flu

x	


