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Linear response theory

- In fluid systems
- In stellar systems

The Jeans instability

- In fluid systems
- In stellar systems
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Stability of collisionless systems

Linear response theory
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Stability of collisionless systems

The Jeans instability

(1902)
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The Jeans instability in fluid systems )\J — 1.50 A = 0.25
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The Jeans instability in fluid systems )\J — 025 A= 0.25




The Jeans instability in fluid systems /\J — 025 X = 0.50




The ‘rfs?w—k ot aw Lawob-e_\.-\«enas Slt“ﬂ\* S){S]"’b\a—-\

Li we aw 3ol EG'MLF\-\ )

f@ j_f e [ B M ] = [, 4]

. - Jﬂ
A P A T SV
ok J ox v Ix ov oz

=S
o

—

| @ V4 - amGyg, = uTG (4N G

HAMIP\JA.LR-\ + SP"CA'G-'Q Fover 5?“"""-

£
_ N ik T(E-E) T =
(R, ) = -%% dt e [ P, (=, F) + P (kb )]

@ Thwe ©DF o’anmJS o tle ?asl L‘*-S]’G‘ﬂ) ( _g; ‘f{’s;a +<ij )



-
Im}‘:sml:.'nm S~ olgv + ?c 58 0~

; e 4

- ur G . . , GhweV-e)Y [~ _
f’/(k.t) s - 1. dzuk,if- J dt < lfsﬁ(k,z;i) +fc(k,¢:)]
ke N
-
i ~.‘wi-
w Feu. pova o PN = T . Jt k.t) e
In ? - -Q Fouricw 'Sib e WO Rp— f,,..(k’ ) J E
d.'l'l'd}l |L -}-11;;“=w
#
T &6 d3y - A = = -
v ey = ( Y g = :;) [ Futinr« fi))
b il oV
I\n O\LSJup d" ?gf“uv Lp..Lc._..\ f‘ = S
IW(W ) N €D
o i-
we wiusk have = ‘f.:.-E i b i‘f' e A
b * b B e oV (n..rlu), We Weay
 po ad;w#rh'tq__
TLu'S iS euw ot-.'s?ert‘{om r:.\n\t{c-\.—q o

w = w(k,§)

44



ﬂsgomma’ o T‘Iaxwe.“{av. For Hue UHPH'}vv'l}'ﬂ-"\ OF g@

<f° ) = fe e e
(fu: ﬂ“)”t

TLQ dfsPav-s\'mn ':-e_,imtu'aw-—\ B-ecaw-cﬁ

ol o3y —
. 9pd c;j’_ urrG
e gk-{;'_w oV =0 (""+ W’%(“’)):i
T
wi
0o e § 2
' = (T ke yo £ - -
w %(w)_ Ef de . = '.JT_T—'G. [4 + erf'(iw')j
-t Bt
k = |[k|
2



un—Gro | ‘ u...r = J‘?.—'L(ﬂ'w
( o W!%(w) ) oo _gt
2t : =
k@ T(w) = -if ds
G‘ S t-u'
2
Debin iuér k_'] = AN Gf" Ho+d ]-(; = qT;Gfa
' &
B 4
ks w! T(w') {1 = g T
k.; ] L‘g-tcs-l
|
w?. 2 ? ! |
— = ag lf. - k to= ) b s
o) ( ) | b=l
: |
A\

owe kK (s hWolde. Were

“c-\r _r'm(l#) - e oy

Tui(w) <€ o

( oo Ll wieve 4n‘eL7>



47



1]
¢
~

The dispersion relation for fluids L

, g
3 -
2 |
stable I stable
& fluid
@)
E
s 0 fluid, stars stars
et
3
o -1 _
, stable
_3 ] 1 1 | 1 ] 1 |
0 1 2 3
K2/k?

48



The dispersion relation for fluids

stars

fluid, stars stars

unstable

49



The dispersion relation for stellar systems
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The Jeans instability in stellar systems A; =150 A =0.25




The Jeans instability in stellar systems A; = 1.50 A = 0.50




The Jeans instability in stellar systems )\J — 025 A= 0.25




The Jeans instability in stellar systems /\J — 025 X = 0.50




No perturbation : the instability is triggered by the noise due to the discretisation

oc=20.1,r; =0.005 o=0.3,r; =0. o=0.7,r; =0.25
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