
Stellar Structure 
What do these equations mean? 

Variables (7): m, ρ, T, P, κ, L, and q  
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In general 

Vogt-Russell theorem 
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At the center of a star in hydrostatic equilibrium  

Integrating from the center to the surface 

With the boundary conditions,  

Thus,  
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This is valid at the star’s center,  
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Mean molecular weight 
μ = 1/2 (H) 
   = 4/3 (He) 
     2 (metals) 

Pressure 
Stellar Structure 



Luminosity 

Ohm’s law   

  [flow]  [pressure gradient] / [resistance] 

Pressure = [energy] / [volume] 
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Blackbody radiation  
  Energy density     u = aT4 

  Radiation pressure  P = (1/3) u 
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Different temperature, elements 

(at different excitation and 

ionization levels)  

 different set of spectral lines 



Line ratios  Temperature 

I   --- neutral atoms 

II  --- ionized once 

III --- ionized twice 

…  

Ex. H I, H II, He III, Fe IVX 



Hot stars --- peaked at short 

wavelengths (UV), mainly He lines, 

some H lines 



Warm stars --- peaked in the visible 

wavelengths; H lines prominent  



Cool stars --- peaked at long 

wavelengths (IR); molecular lines/bands  



http://farm7.static.flickr.com/6192/6090158853_68cd6f8d42_o.jpg  

Brown dwarfs 

L, T and Y type 

http://farm7.static.flickr.com/6192/6090158853_68cd6f8d42_o.jpg
http://farm7.static.flickr.com/6192/6090158853_68cd6f8d42_o.jpg


http://cas.sdss.org/dr3/en/proj/advanced/color/images/filters.jpg 





http://spiff.rit.edu/classes/phys440/lectures/color/sdss_color_color_b.gif 

One of the SDSS color-color 

diagrams 

http://spiff.rit.edu/classes/phys440/lectures/color/sdss_color_color_b.gif


Main sequence = a mass sequence defined  

   by hydrogen fusion at the center of a star 

 

Radius does not vary much; but the 

luminosity does. 





monatomic gas, dof=3 γ=5/3=1.67  

diatomic gas, dof=5, γ=7/5=1.4  





For an adiabatic process, PV
γ
 = constant  



Convection takes place when the temperature 
gradient is “sufficiently” high (compared with 
the adiabatic condition) or the pressure 
gradient is low enough. 

Such condition also exists when the gas 
absorbs a great deal of energy without 
temperature increase, e.g., with phase change 
or ionization  
 when cV is large or γ is small 







For a sun-like star, ionization of H and He, and also 

the large opacity of H─ ions  a convective 

envelope (outer 30% radius).  

For a massive star,  the core produces fierce 

amount of energy  convective core  

 a large fraction of material to take part in the 

thermonuclear reactions  

For a very low-mass star, ionization of H and He 

leads to a fully convective star  H completely 

burns off.  

http://hubblesite.org/newscenter/archive/releases/1995/03/image/a/format/large_web/ 



criterion 







Hayashi Track 

When a protostar reaches hydrostatic 

equilibrium, there is a minimum effective 

temperature (~4000 K) cooler than which (the 

Hayashi boundary) a stable configuration is not 

possible (Chushiro Hayashi 1961).   

A protostar  

 contracts on the Kevin-Helmholtz timescale  

 is cool and highly opaque  fully convective  

      homogenizes the composition  

Stars < 0.5 M⊙ remain on the Hayashi track 

throughout the entire PMS phase. 





Chushiro HAYASHI 1920-2010 



Hayashi track 

Henyey track 

Check out  

http://www.peripatus.gen.nz/Astronomy/HerRusDia.html 

for a good summary 

http://www.peripatus.gen.nz/Astronomy/HerRusDia.html


Read this paper! 











1965ApJ...141..993 

Take a look of this paper. 



XM=5.4 x 10－5 XM=5.4 x 10－6 

Chemical abundances (“metals”) are 

important in determination of stellar structure. 









Theoretical evolutionary tracks 



… compared with observations 



Bertout 1989 ARAA 

Observational characteristics of T Tauri 

stars    TTS: pre-main sequence solar-like stars 

Strong emission lines in the spectra 

• Seen in regions of obscuration 

• Spectra types later than F 

• Brightness variability (x rays to infrared) 



Webb 1999 ApJ, 512, L63 on TW Hya 

• Lithium absorption λ6708 indicative of  

  youth 



Excess emission in the IR wavelengths 

above the stellar photosphere 



X-ray emission (and rotation) 




