oooobogliv

goboo

20090 50 250

1 O0O00OOoood

gbobooooooooooooboboboboboboboooooboboobobobob
gbobobobobooboobooobooooooon

gbobooboobooboobboobooboobooobooboooboobooboooooon
gobooboobboobuooboobboobooobbooboobboobobooboon
gboogboooobooobooobooobooboooobboobooboobooboooomooooobo
oOooOoOo0oOo0oOocCcBEOODOOODOOOOOOD

1.1 00o0obOogoooboo

goboooog

gooooon

goooooo

dp

a#—v-(pv):O (1)

ov 1
GtV Vv=—Vp-vo 2)
V2® = 47Gp (3)

gobooboobooboooboboobobobooboobobbooboboboobobooboDbo
obobobobobobobobo

oo p,p,v, @ 00000 p=po+p DOOODOODOOOODO OOODLOODODODODOODOO

gopboggd

lggboooboboobooooboobooobuooboooboobboooba

0
£+V'(P0V1)+V'(Plvo) =0 (4)
Iv1 p1 1
: : = Pl¥py — —Vp, — VO 5
5r T (Vo V)vi+ (vi-V)vo e Vpo . Vp1 — V&, (5)
VZ(I)l = 47TGp1 (6)
_(dp _ .2
p1 = (dp>0P1 = UgpP1 (7)

ugbob e, 000ooaon



gobooboooobuoobbooobooboobboobooobuoobooobOoob oo

oooooodoo 200
Ip

r +p1V - (povi) =0 (8)
8V1 1

_— = —— — (I)

ot % Vpl \V4 1 (9)

gbobodz200b000booobouabobon pp0oobooooo

Por _ viV?p1 — 4nGpopr = 0 (10)
ot? 5

gobooboobooboobboobooboobooooobooobooboooboboobbon
gbobobobobobobobobobob

gboz20000b0b00b0bo0oboboboooobooobooobooboobobobOobobobob
goboobooboboobobooboobbooboobbooboboboobooboooboobon
gobooboobobooboobboobuoobboobooboobobooo

goboobooooboobooooon

pL = Cei(k-xfwt) (11)
goboooood
w? = v2k? — 471Gy (12)
gobodgbooobobodabod o
4
k=380 (13)

v3
0ooon

e k>k;00 wOOODODOOODOOODOOOODOODOOODOO
e k=k;00 w=000000000000DO000O0O0O0ODOO

e k<kyUl0wlOOOODOCOODLOCLODOOLODUObLODLDUOUbDODUDODDODOO

0000000000000 00000 (1) OOoOooooOOoooooooooooooooooo
goboboooobbooobooobobbooobbooobbooobbooobboooo
gbobogbuoobboobuodobobuooboobobobobooboobboobuoobobon
gpoboooooog

gobooboobooboboboboobooboobooboooboobooboboooDbOon
00 1/k;, 0000000000000 COO0O0ODOO0O0O0O0O0OOO0O0O00O0OODODODODOOOO
gobodboooobooboobobooboobbooboan

goboobooboboobboboboobooboboobooboooboboooboobooobooo
googbogoboobooboobooboboobooboboobooboobbooboobLbon
good

oob0 gk, 0000000000000 O000LOOO00OODOOOODOOkK,ODO000DOOOOD
Ub2r 0000000000000 0O0O0O0O0O0O0 ;00000 OO0ODOO

A= /=05 (14)

gooog



0000000000000 0o000000o0O0000DOoD0000DoDO000O0DO (DOD
000)000000 »2000000000000000000000 GMy;/)»; 0000000
M;0000000DO0O AyODOODODOODODO yOOOOOOOOOOOOOOODOOO
000000000000 »20000000000000

gbooboooooooooobooboboboboboboboboobooooooboooooDo
oon

2 Joobbobuooobobbuooooo

goobooboooboooboooon

21 CBEOODOUO

goboobooobooboobooobooo

of of _
ot ov
000 fO6e0000000O0OD00ODOOOODOSODOODODOOODOODOOODOOOOODOO

gbobobobobobo

tv-Vf-—Vd- 0, (15)

V20 = —47Gp. (16)
GUO0O0O000000 p0O000O0OO0O

p:m/dvf, (17)

goooooobooobOoOooOobooOobOoOooboOooboOobooooboOoooOooD fr+A0D0OD
ooob ¢+, 00000 o0boboboboboboboboboboD

df1 df1 dofo
ot +v-Vf =V v -V, v 0, (18)

V2P, — —dnG / frdv. (19)
000000000000000000000000000000000

22 0O0O0OOOOd

gbobooboobooboooooooobooboboboboboboboboooboobooooboon
ooooooobooooobooOoooooboOoOoooboooooDoO0oUoDD ffGQUODOOODOOOO
0D 0OD0ODbObOObObOOD

df1 0fo
S TV V-V S =0, (20)

gobooboobobooooboobbooboobbooboobobooobooo

fi = fa(v)expli(k-x — wt)] (21)
od} &, expli(k - x — wt)] (22)



gobooboobooboobbooobooboobboobooboobooboobLbOon
gbobodbooobuoobbooobooboogn

dfo
— k) fo(v) — Dok - 22 = 2
(—w+v-k)fa(v) v 0 (23)
—k*®, = 4nG / fadv (24)
0Oo0000d0oo f, 00000 &, 0000
ArG [ k- Yo
It 5 [ e odv =0 (25)

ooooo fpb0000000D0OD k0 whOoODOOOODOOODOOODOOO

ooooooooboOooooooo0o0 k-v—w=000000O0COOOOOOOODOOODOO
gboooboboobobooboboobbobboobboboobob obobooobon
gboboboboboboboboboo

3 ggg

gobooboobobooboobbuoc00b0o0obboooboobooobo

4G k%
1 Ys_dv =0 26
+ k2 kvy —w v (26)
oo w=000O0O0OO0O0O
dfo
k2 = —4rG / 9 gy (27)
(%%

oooo f/O0vp,=000000000000000000000000w=000000 k;0
gooog

ooooooo0oooooboo0oobooonD fpOOObDOOODOO

2
L0 —v /2
fo(v) = (27 02)3/2 €xp < o2 ) (28)
odooooooooooon
o0 'U2
/ e 22dv = V2mo? (29)
— o0
gooooooooood o
4
K= = (30)

o
gboobooobboobobobooboobooooboooboonooobbobobooooan
goboobooooboo



4 000000

gooogoooobooooooooonbobilllw=w oo oo

ogooooodgon

+2ﬁ7er0 1)366_”926/202
ko3 kv, — iy

gddooodoooooouoooooon

1

dvg =0 (31)

g (kvg + i7)evs/20°

IR )
goooogoopooogooboooguoobooooono
OOxQe*xQ 1 1 2
_ B
goooooono
2
IEREPED PR Ci APy [1erf< i ﬂ 34
! { V2ko C P\ 21202 J2ko (34)

0000000000000 000 k0 w(yOOUODODOODODOOOO k<k;0000000 v
goooooooboboobobooboobobod k=ky0000 E=00000O0ODODOOD
gbobobobobobo

gboboobuooboobobobobuoobuoobbooboobooobboooboobogboo
gooog

5 van Kampen mode

gbobooboobooboobbooobooboobooobooooobooboboobon
goooobo proooooooooooboooboooboobooboobooooooobDoo
van Kampen 000 (1955, Physica, 21,949) 000 0000000000000 0OO0O0OOO0O
gbobooboogobod

(—w+v-k)fa(v)+4;fk-i;@/fadv:o (35)

goboobooopoooobon y,:000000000000000000

2
S fo(oa) [ gdus =0 (36)

0oboboOg0O f,0 y,z00000000000000DOD fpbOODOODOOOODOODO

(—w+ kvg)g(vg) = —

//v_lcgz?dvydvz = =27 fo(vs) (37)

ggobobtbooobodbby , 0ooobboooobbboooobbboooboboonoob g
ogooooOooooooooa
_87T2vaf0(vz)

k w— kv, (38)

g(vg) =



000000000oUo0O fgdv, =100000000000000000000O00O0OOOO

oon
_8772G vz fo(vz)

k w — kuy
000000000 oO00oo0o0ooO0doo0obO00oDo0oooooooooooooo

dvy =1 (39)

0000000000000 000O00000D0D v=w/k00000O0OO0OOOODODOOOOCOD
gobodobooooboobooon gboobooboooobooboooon

g(Ug;) _ _SWQGU]:fO(Ux) [,Pw _1kv n )\5(w B k‘Ux) (40)

000 pPOOOO0ODOOOOODOOOOU0DOOOOODOOsDOOOODOOOOODDOOOOD
gooooooobooooooboooobooooooD AOOoOobDOOoobbooobboboooo
O000000 wO kE>k; 00 kO0000000ODOCOOOOODOCOO van Kampen mode
gooo

00000o00o00o00U0oo00U0ooO0o0UoUOobOO J000O0ODOV, =w/k0000O0O
gbobogbuoobboobuodoboobboooboobboobuoobbobobuooboab
gobooboobooboobboobooboooobooboobooboooboobon
gboboooooooboobobobobobobobooooooooobooooboobooboD
gboboobuooboobboobduobobooboboobooboobooboboobooboo
goboobooobooo

00o000o0oooooooobooooooooooo00onooonDg van Kampen 000000
000000000 vnKampen 00000000000 0ODOOODOOODOOOOOOODOODO
van Kampen mode OO0 00000000 OO0O

6 Phase Mixing

gbobobobooboobooboooboobooboobobooooobooboboobbon
gbobooboobooboobbooboobooboooboooboobooboooboon
0000000000100 0000000000000000000 (overdensity) D0 O0O0O00O
gbooboobobooboobobobooboboboobooboboboboobobboong
gbobobooobobobobooboboobooboboobobooboboobobooobo
gboboboboboboboboboboboboboboobooo

0 7 W

X X X

gobooboobooboobboooboobooboboooboobooboobooobon
gbobobobobobobobobobobobobobo

0000 singular 0 van Kampen mode OO0 0000000000 OO0D0OOO0COOOOODOO
0000000000 O00000DO0OD0OOO phasemixingOODOOOOOOODOO



7 Landau Damping

gbobooboobuoobooboobboobooboobboooboobooboobbon
oboobooooboboooboboooobobobooobobobooboboOooUgD Landau Damping
gbobobooooooooobgoboboboboooooooobooboboboobooooooooDo
bbbl wbhoobooboboboobuoobobobobooboobob
goooooooooboooooOobobooogoUooDboog f,0g0oboOoCOoogUoboDobooooo
gcoooooooooobo0oOoooooobooooboob0ooon f,ooo0o0oooobboo
oooooooooobooD f,000bob0oCoc0o0ob0c0bobO0obOooDoOooboOobDbooDboo
gobooboobooboobooboboobooboooboobooboobboobooboon
gboobobobob

gboboooooooooooobobooboobobobobobobooobooooooooon
obobobooboobooo

O0DO00C0ODOO00OCODO0ODOODbDO0OOOb0O0d van Kampen mode OO0 60000
ooobobob kobuobuobobo

fi(z,v,t) = g(v) explik(x — vt)] (41)
gooooogoooggoouogoooogooo oo oo oo oouogg

00000000000000000000000000000000 f,(v)expli(ks —wt)] 00
0000000000000000000000 wd »0000000000000000000
00000000000

gboooobobobooboooboobobboboooobobobooobobobdn van
Kampen mode OO0 singular 0000000000000 0O0OOOOO0ODOOOOODOOOO
goboobooobboooboooboboooboooboboooog

gobooobooooboobooooboobooobobooboboooonog

pr(at) = ¢ [ go)edo (42)
00000000 gv) O
1/2v9 |v| < v
V) = 43
9(v) {0 otherwize (43)

000000000 1t000000000000000

gbboobuoobooboobboobboobuooboobboooboobooboobbon
ubobooboooobooboooboboooboobooobbooobooobooobobooooan
gooboobooboobbooboooboobooboobooobooboobboooboDbOon
gbobogbuooboobbobobuoobuooboobbobobooboobooboobbob
gpoobooooog

000 ¢g(v)DODOOODODODODOOOOOOODODOODOOOOOODOOOO

goboobooboobooboboobooboobooobooboobooboooDobon
gobobooooboobooobooooboboooboobobboobooboboobobooboDbo
gboboodoboooobooboooooboobooobobooboooboaonoo

gbobobooboooboobooboobuooooboobooobooooooboooobooonoobon
goboobooobooboooboobooon



8 Juoon

O0DO00DOo0o0o0oO0boOoOoDOoOoDOoOoDOO violent relaxation DO OO OOOOODO
U00Db000Db0b0bU0ObO0DbU0OPhasemixing D OOODOOOOOOODOOOODO



