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Swing Amplification
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Figure 6-17. Evolution of a packet of leading waves in a stellar Mestel
disk with @ = 1.5 and f = 1. Contours represent tixed fractional excess

D [I D |:| |:| D [I D [I D [I |:| surface densities; since the calculations are based on linear perturbation
theory, the amplitude normalization is arbitrary. Contours in regions of

depleted surface density are not shown to minimize confusion. The time

interval between diagrams is one-half of a rotation period at corotation.
|:| D |:| |:| |:| |:| D |:| |:| D |:| |:| From Toomre (1981), by permission of Cambridge University Press.



Swing Amplification(2)
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Swing Amplification(3)
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clockwise, as indicated by the heavy arc: a typical star moves around an elliptical epicycle in a
clockwise direction. The perturbation (grey patch) initially has the form of a leading spiral (right), |:| |:| |:| |:| D [I D [I D [I |:| |:|

but is sheared into a trailing spiral (left) by the differential rotation of the disk. The epicycle and

Figure 15.1: Evolution of an overdense perturbation in a shearing disk. The disk rotates counter

the perturbation rotate in the same direction, so stars stay in the perturbation longer than they would
under other conditions |:| D
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TYPES OF GALAXIES

ASTRONOMERS SORT GALAKIES using the “tuning fork” classification scheme

developed by American astronomer Edwin Hubble in the 1920s. Accarding to
this system, galaxies come in three basic wpes: elliptical [represented by the
handie of the fork at right], spiral [shawn as prangs] and irregular [shown
below at left]. The smallest galaxies, known as dwarfs, have their own

URCETTAIN LX0NomY

‘Within each of the 1ypes are sublygpes that depand on the details of the
galaxy's shape. Gaing from the top of the tuning fark 1o the botiom, the galactic
disk becomes mare prominent in aptical images and the central bulge less so.
The different Hubble tupes may represent various stages of develapment,
irals withaut bulges, undergo a collision during which
1hey appear irregular, and end up as ellipticals or as spirals with bulges.
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Katz and Gunn 1992

dark particles
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Saitoh et al. 2005/2019
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Star formation with SPH

Large scale structure formation with AMR
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« 2006: Xu et al,
Science 311, 54

 Nov 2008: Burst
of results from
VLBA

« Several data
from VERA

(Compiled by Dr.
Asaki)
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(Fujii et al. 2010)
animation a1l
animation a2

animation b1

-0000000000000 (al, a2)
- 000000000000
-00000000000000


/home/makino/tmp/anime_a1.gif
/home/makino/tmp/anime_a2.gif
/home/makino/tmp/anime_b1.gif

H=lyTR—EIREMH e JUULOLOOOUOOLonont

WIERTTEORICED

U S K—IL
e AN e OO OOOOOOOOOOONO

Dat fat

R Do dbodboododnn
Qe 7

UMb bood
Jooogtddooogdnn
Joooooddooon

-000000000000000
0000000 (@O00000O0
000)0

oo boogdt



e L1000
e L0 OO




oo obbond
HREREEE

UL noy
Joboogtddboboootdodoond



oo obbond
oo oobbodd

001010000 onooouooodd
Joboogtdboboobotdoboooddunoi
Do0o0ooooooooooooo1oooobood

UMb booggdbobood
Joboogtddoobotdd

oo moooddoood



L T T 1 1 T
2 [
10 .
-
.23
— 10 ‘

™~ |

S 10
l; 10‘25
‘_E. log (n”) = -2
< 107 log (ny) = 0 |-
1028 —log (ny) = 1
— log (n”] = 3

-29 al i | : : .
10' 10% 10% 10* 10° 10° 107 10°® 10°
T [K]

Kim et al. 2014(AGORA)

(000000000000
0000o0oooo)
00000 (0.010/cc 00
00)000 10*4KO OO0
00
000000000000
000000000000
10‘KO 000000



- 10K 0 0:0000000000000000D0000:
0000000000 :Bremsstrahlung (O O 0O 0O)

- 10K O 0D: 000000000 MH)OOO0ODOOOO0DOO
Joboogtddoboboodooogduoooodt
Ooooo@ooooo)yddooooooooood
Jobobogbddbobobodbooogduobooogd
Jobobogtddbobobogdboooogduobooogd
Juooogduoon



oo obbond
O00000ooodoooobooddodn metallicity
Jooogddoooodoood

e JUUOODOUOOODODODOOUOOLOOOOUN



Juoooge:

JUULOODO+0U0OObOo0ogdbobooddoont
Oodooooboooooo(@oooooo)yoood
Joboogtddbobobootddoood

U bbond
Jooogduooodn

U ooooobobond
Jdddddoboboboooobobooooottdtdtd
HRERERERERERERN

OO booogd
Jooooodoooodtdnn



Jooo:

bbbt

bbb bon
Jooootddooododd

OO0 ooott
oo

-JO0000oo(@buoO)yDoooooooooooon
Oo0o00oDo@oooooooooooon)

Jdddddobobouooooobooooutdtdtd
Joooogtd



e UL booogd
O 0ooa

-J000@ObObO000obbooDooooobooOoOon
Jodd0)yooooooooooooooooooon
L] [

U ooooobobondd
Jobobogtddbooogtdoooogdoood



100000000000000
Joooddooi
oo oi

U000y n
Joboootddoobogdooogduoootodd
Joootddbobobooddbooogdd

UL oot

Jdddddbobobobooooboboboooddtdddd
Jmgdddddddoooooobobbotdd
HREEN


https://www.youtube.com/watch?v=IXY1od8ykDc
http://4d2u.nao.ac.jp/html/movie/binary_swf.html

OO0odooooogoood
Star formation with SPH

oo oon
e Ut
oo oboobb b


file:///home/makino/tmp/cluster4.avi

oo ooobbboi
Joddddddobobobooobob b

bbb ny
Oodooooo1000o0o0oooooooooo

0o ooooo1ooouoood
(D0ooooooooooooooo)o

1000000010 00000001000000O0O0O
bbbty ood



JO00000oooo-00ooo@@sAvC0)Dooo
0000000000000 000000 (sink particle)

OO0 ooott
Joboogtddoboboodooogduoooodt
Jobobogtddbootogtdobootgdotduood
Jobobogbddbobobodbooogduobooogd
Jobobogtddbobobogdboooogduobooogd
Jooooodn

OO OLOOU



oo obbond
Joddddduoboood

OO0 doonod
Joboogtddoboboodooogduoooodt
Joboogtddbobobootddbobogtddboboogdd

bbb booogd
Juoboodtd



Oooooooooooooooooooo(@ooooon
OooooooOo)yoooo

e Uy
e U O DOMO

oo bobd



Joogtdobotgdootdboogdboototdboodbooduoodt
oo oduood

bbbttt otdboodbooun

00000 odboodoogbonun
(DOooOoODOoOoOooooooooooo)

- 00000000000000000000000000000 (0
000000000000000000000000000000
000)

e JULOODUOUOLOLOOUOOLODLOOObogdbboodoogtdd
0o

gooootodood



e JUUUOOOOOUUOLOOOO

U obbodd
HREREREREREREREEN

OO0t oi
Jobootdoboodogdun

bbb ooott
Jobootdbbbootddbobotdtd=0tut



Jouood

JO0000000ooooo@bouoooooon)
-J0000000OoooOo(bo0ooOId)

U ooobobbond
Joboootddoobogdooogduoootodd

O00oooooooOo(oooooodoooooooon
OOoooo)yodo



Juoboogtdbobbototddboboogddobod

U obbodd
HREREREREREREREEEEE

JO0000o0obooooooooo(@oooo)ooon
OOodooooboooooooboooooo(@ooon
)yoooooooooooooooood

Jdddddobobobooooboboooogddtdddd
Ooddooooooooo(@oboboooooooooon
OOoooooood)



