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Stellar Formation

Hydrostatic Equilibrium
Virial Theorem
Jean’s Criterion
Time Scales
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But First
Pictures

Part of 
Carina 
Nebula
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Eagle Nebula
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In Orion
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Pre Main Sequence
Jean’s collapse sets in

Cloud contracts

Cloud heats up

Rotation rate increases due to conservation 
of angular momentum

Star heats due to gravitational energy being 
converted to thermal energy
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Hydrostatic Equilibrium
Or, a star has hit the main sequence
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Issues?

Star must be able to cool off or else 
thermal pressure will halt the collapse
Star must be able to shed angular 
momentum or it spins up too much
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Ok today but not so 
much early universe
Today, metals allow for efficient cooling
In the early universe only molecular 
hydrogen and helium
Clouds had to be MUCH bigger to collapse 
hence larger stars formed
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In the early universe stars could be 
around 500 times more massive than 
our sun
Some died in Pair instability supernovae 
which completely destroyed the star
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Today
Eddington 
Luminosity limits 
the upper size of 
stars

Basically the point 
at which radiation 
pressure exceeds 
gravitational 
binding energy
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Rotation?
Conservation of angular momentum 
spin goes up as radius goes down
L=Iω =(2/5)MR2

R1 = 1013 km R2 =7 x 105 km
L1/L2 about 1016

No way!!
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Slows Down?

Yup, has to
winds, jets, magnetic 
field instabilities, and 
waves carry off 
magnetic fields
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Google

http://en.wikipedia.org/wiki/
T_Tauri_star
http://en.wikipedia.org/wiki/
FU_Orionis_star
http://en.wikipedia.org/wiki/
Herbig_Ae/Be_stars
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Let’s go through some 
of the pre-main 
sequence physics
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For zero acceleration
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Central Pressure 
Estimate?

approximately 2.7 x 1014 Pascals
More realistically 2.34 x 1016 Pascals 
or 2.3 x 1011 atmospheres
P = 0 at surface, decreases from r=0 to 
r=surface
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Mass Conservation

This is different from the column mass described in your book
This is the total enclosed mass in a sphere of radius r
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For an isothermal 
atmosphere
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Problem 1
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Virial Theorem

Really a statement about how non-
equilibrium systems evolve
For us, we deal with equilibrium
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Where omega is the gravitational binding energy of the 
star

The energy density (ergs/cm3} of a star with volume V, N 
particles, and temperature T is given by

dM

dM
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From which the thermal pressure P may be written as

From which one may write

Where the integrated energy density is 
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Which results in the simplified form of the virial theorem we 
will use

This is the statement that, for a star in equilibrium, twice the 
kinetic energy due to thermal motion plus the negative 

gravitational binding energy is zero
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Jean’s Length and Jean’s 
Mass

Stars form from collapsing clouds of gas

When the self gravity due to overdensities is 
greater than the thermal pressure, turbulent 
pressure, and pressure due to the magnetic 
field an isolated chunk will collapse

For now we neglect turbulent pressures and 
the magnetic fields
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Jean’s Length

Essentially the radius within which the 
thermal pressure is unable to propagate 
a sound wave fast enough to overcome 
gravitational free-fall
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Typical Molecular Cloud
M = 10 - 106 MSolar

R = .1 - 10 parsecs
T = 10K - 100K
n=104 - 106 H/cm3

Unionized, μ=1
ρ=1000mH = 1.67 x 
10-(19 to 21) g/cm3
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How to calculate the 
Jean’s Length?

When the cloud is out of virial 
equilibrium it will contract if it’s 
gravitational energy is greater than its 
thermal energy
It will expand when the opposite is true
For collapse -Ω >2U
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From which Rjeans 

For a gas cloud that is spherical

⇥2
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Jean’s Mass and 
Density

Using similar reasoning but equating 

Leads to

Typically of order 1 solar mass
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and, since density is simply mass 
divided by volume the unstable collapse 
density is 
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Time Scales

Dynamical
Kelvin Helmholtz
Nuclear Burning
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Dynamical

Time scale on which a star would expand 
or contract if its balance between 
gravity and thermal pressure was 
disrupted
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Which may be integrated with the change of variables x = r/R
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Simpler, order of 
magnitude

tdyn = (radius of star)/(escape velocity)
tdyn approximately R3/(2GM)1/2 = 1100 
seconds for an existing star
about 105 years for a solar mass star 
to collapse and form if isothermal
approximately 1/(Gρ)1/2
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Kelvin Helmholtz time 
scale
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Nuclear Time Scale
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Homework

All but problems 1 and 7
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