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What are brown dwarfs?

• These are sub stellar objects with too low a mass to sustain 
stable hydrogen burning and too much mass to be called a 
planet

• They emit their energy in the near infrared and cool quickly 
below the luminosity range of ~         

• These are failed stars where the electron degeneracy pressure 
prevents the gravitational collapse. The stability is reached at a 
temperature much lower than what is necessary for stable 
nuclear burning.
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• Energy transport equation (radiation/ convection) 
and a equation of state.
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M = Mass 
P= Pressure
r = Radius of the star
L = Luminosity
ρ =Density

G =Gravitational Constant

ϵ = The energy generation rate
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How to get a minimum mass?

• Numerically solving the stellar equations using 
the condition of quasi equilibrium in 
successive steps.

• An analytic model which clarifies the essential 
physics while also obtaining an accurate 
answer.
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The Uncertainties

• An equation of state that incorporates the 
partial degeneracy of the electrons and the 
contribution of the ions.

• The nuclear rates suited to the low (T < 106 K) 
central temperature and high central density 
regimes of very low mass stars and brown 
dwarfs.

• A detailed treatment of the surface temperature 
and the atmospheric opacity.
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Equation of state

• Sub stellar objects like brown dwarfs derive their 
stability from the electron degeneracy pressure.

• In the non relativistic limit, the Fermi integral is
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In the limit T->0 , for all            the 
exponent goes to zero and the 
integral reduces to Fermi pressure 
at T = 0  , i.e
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ϵ = energy

μ = Fermi energy
a = constant 
β = kBT
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Equation of state (cont)

The pressure of a degenerate Fermi gas at finite 
temperature
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The total pressure of the partially degenerate electron and  ions
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The Power Law

• The P-ρ relation is a power law

• The equations for the hydrostatic equilibrium can  be 
combined for polytropes to obtain the Lane–Emden 
equation.
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The surface phenomenon

• The effective surface temperature Te can be 
approximated by using the isentropic 
condition to match the entropy of the 
photosphere and the vast convective region.
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The surface luminosity
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The variation of ψ with time

• The energy equation
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Luminosity Plots  
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Ψ (degeneracy parameter)

LN the nuclear luminosity

Stable nuclear burning (main sequence) is established if  and when LN /L reaches unity.



Plot 2
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Time is years

The evolution over time

LN the nuclear luminosity

Stable nuclear burning (main sequence) is established if  and when LN /L reaches unity.



Conclusion

• The minimum mass for stable hydrogen fusion is 
0.074       .

• However objects below the minimum mass limit 
do sustain nuclear burning for long period but 
never reaches the main sequence.

• There can be a variation in the minimum mass 
boundary due to number of uncertainties 
involved.

• The minimum mass varies significantly with the 
hydrogen mass fraction of the stellar body.
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The derivation of the Fermi integral
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The surface temperature
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The Nuclear luminosity
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The Lame- Emden Equation

• Two equation for the hydrostatic equilibrium 
can be combined to get 
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