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James Jeans
1877-1947

Jeans theorems

|. Any steady-state solution of the collisionless Boltzmann equation depends on the
phase-space coordinates only through integrals of motion.

ll. Any function of integrals of motion yields a steady-state solution of the collisonless
Boltzmann equation.
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Jeans theorems

|. Any steady-state solution of the collisionless Boltzmann equation depends on the
phase-space coordinates only through integrals of motion.

Demonstration:

If a function is a solution of the steady-state collisionless Boltzmann equation,
then, it is an integral of motion, thus the function depends on the phase-space
coordinates only through integrals of motion (itself !).

ll. Any function of integrals of motion yields a steady-state solution of the collisonless
Boltzmann equation.
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Jeans theorems

|. Any steady-state solution of the collisionless Boltzmann equation depends on the
phase-space coordinates only through integrals of motion.

Demonstration:

If a function is a solution of the steady-state collisionless Boltzmann equation,
then, it is an integral of motion, thus the function depends on the phase-space
coordinates only through integrals of motion (itself !).
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Demonstration:

assume  F(F, ) = F(IL(E,8), I(Z, ), I5(,7), ...
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James Jeans
1877-1947

Jeans theorems

|. Any steady-state solution of the collisionless Boltzmann equation depends on the
phase-space coordinates only through integrals of motion.

Demonstration:

If a function is a solution of the steady-state collisionless Boltzmann equation,
then, it is an integral of motion, thus the function depends on the phase-space
coordinates only through integrals of motion (itself !).

ll. Any function of integrals of motion yields a steady-state solution of the collisonless
Boltzmann equation. e

Extremely useful to generate DFs

Demonstration:

\ 7

pssume  f(Z,9) = f(L(Z,0), I(Z,7), I3(Z, ), ...)
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Questions

Why an ergodic DF with a priori no constraint on the symmetry of the
potential leads to an isotropic velocity dispersion tensor ?

c 0 O
o(r)  f(H) = 0 o 0
0O 0 o
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Conclusion

|.An ergodic stellar system Is analog to a gasous
barothrope.

II.An ergodic isolated stellar system is spherical.

30



QQ o iSﬂ\ﬂ-.Lin)\ l'ih"LC ' SlaL'c ) S‘eﬂ'- émulv-ALhé_ l:,a.rc.:"\’c:\o{c
F\kﬁopx WUSL l'}f SII:‘LE '-""-':--‘*-'Q . ((_;C.Lxl"f.l-ﬂ Sl"{:t’\-ﬂjs }—L{_aw"tlﬂ-\ )

el ['U"f-t.

i/
—yy,

N
N

s & <ellay sf:)s)ve.w-. with aun G'.T(Saolt'c DF sahshkes
P owoshk be SPLEw'mQ

HnQ SA VAL ec:}\,rc\(:a‘tﬂ-\s p




QQ o iSa\ALuJ\ l'ih")'t ' SlaL'c ) S‘eﬂ'- émul“tL‘ﬂé_ l:tzrc:"\’oi’l'ﬂ-'c
H'*-"*op\ WUSL L—‘*Q ‘S.IDLE '-"'—'-'-—H-'Q , (L;C.L\l"f.l-ﬂ Sl"ct‘\.«\IS }—L{_or\'.w-\ )

nel horee

i/
—yy,

N
N

Theorem

Any isolated, finite, stellar system with an ergodic distribution
function must be spherical.
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Note: Proceeding similary, it is possible to compute the DF for others spherical potentials

log[a®®) - f(e)]
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Note: Proceeding similary, it is possible to compute the DF for others spherical potentials

—— plummer

isochrone
—— hernquist
— jafte

< 0 nfw
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o -8 /
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50 maximal rel. energy
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Note: Proceeding similary, it is possible to compute the DF for others spherical potentials
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Note: Proceeding similary, it is possible to compute the DF for others spherical potentials
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Plummer model O(r)=—

GM
Isochrone model d(r) = —
e
(r) = M3(b +Vb? + TQ)(bQ + T2) — 7°2(b + 3\/W)
P A7 (b + /b2 + r2>3(b2 + r2)3/2
Jaffe model P(r) = —A7Gppa’ In(1 +a/r)

_ P0
A7) = (L +rjay

1
(14+1r/a)

Hernquist model ®(r) = —4wGpoa® 5

o Po
P = BT+ rap?




Equilibria of collisionless systems

Models defined from DFs
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Equilibria of collisionless systems

Models defined from DFs:
Polytropes
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Conclusion

The density of a stellar system described by and ergodic DF

fle) ~ e /3

Is the same as a polytropic gas sphere in hydrostatic equilibrium,
with:

P(p) ~ p’

This is why these DFs are called polytropes.
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Self-gravity !

V2(®) = 4Gy
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The Plummer velocity distribution function

Normalized with respect
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The End
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