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Figure 6-17. Evolution of a packet of leading waves in a stellar Mestel
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TYPES OF GALAXIES

ASTRONOMERS SORT GALAXIES using the “tuning fork” classification scheme
developed by American astranomer Edwin Hubble in the 1920s. According to
this system, galaxies come in three basic wpes: elliptical [represented by the
handie af the fork at right), spiral [shown os prangs| and irregular [shawn
below at left]. The smallest galaxies, known as dwarfs, have their own
URCEMain taxenomy

Within each of the types are subtygpes that depend on the details of the
galaxy's shape. Going from the tp of the tuning fark 10 the bottom, the galactic

ELLIPTICALS

Mag

disk becomes mare prominent in aptical images and the central bulge less so
The different Hubble types may represent various stages of development

Galaxies start off as spi ithout bulges, undergo a collision durng which
they appear irregular, and end up as ellipticals or s spirals with bulges
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Katz and Gunn 1992

gas particles

dark particles
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Saitoh et al. 2005
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Saitoh et al. 2007
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Star formation with SPH

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

Center: '\ Sun

e Nov 2008:
Burst of results
from VLBA
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sea-surface temperature anomaly (deg.)

o

@E
S
M
7
r

@ @ @ @ b
w Q 2] 3 ) g
2 - Z s WEN S
= = = = = =
= l © ] = 2]
= 2 = o = e
£
-
1]
: . H :
= @
= = x E too
= £ = =
@ % L.) w
=
2 £ =
@ E = =
o = = o
5] o (%] 5] =0.5
a = N 7} .
1.0

—
o

1 1 I 1 |
500 400 300 200 100 0
time (million years BP)

relative cosmic-ray flux

o 1.4 EELSHVWORAHDOTIE
TEDH B
(HBIEE<MSABVDTELLIE
M>TWBAICEHWTTEW)

o ERMIOEE: HEROKED
BB CIE A E Z S (777)

o FRIANDBREKZEEBT 2 EF
EIRISIBASDTIK?



BRI SR & K%

15

o BIRFRIIEREBERT. X%
DANEDOHEE & I3ED AE
ETEWTWLS

o XDT, KIGFHMIFITEHMIC
RS Z st %

o BIRIEDEZATIZ. EMEA
ADNEBEINTERLETLK
NEETW3S

15 o FEHMNANZ S E>TWVWTENR
Kpe 1t

10 X
Perseus Orion  Sun

spur

Sgr-Carina




W< DH DEER]

e THLZHEWHMENB UV SVTHRYICEALLBRALT
Z2ON?(SARBIDFRILERA, THEHA)

o MR >T—ED/NNY—2rL»AWL
o KIZDEENIEARSNDIEDH?



[ ARV A —VRER] £ 7

o ARIRIIEETIERWL, ¥ TF57—&

FEED [Ny —

VRE] DH B DT TIERL
o 2MDT, IXfE & BRERDERARE:E )
e REDEZAFED D, BADIRAR

178 LY
[ZEW ((TKREZ]D D

SERIT B & REBEAERICEN) VI al—YavE
FLTABICEVEEDEDEH A BEICEADIE>T

HT=



oo RO R & KFg

=l 450 Myr BP. =8 150 Myr BF® ° =8 —0 Myr BP:
ul uy (T3]
o o o o
[='8 o [= 18 [N
L = | 3 2 O L ]
[ ) e |- [ -
- = - =
7 T 7
=] [=]
I [

|. | T — J I — |. S —— J | I —— I | —— |. N — ] | I — — I | —— J | I —— | I | I —— |.

450 400 350 300 250 200 150 100 50 0 —50
Time [Myr BP]




EAHAICIZERTAAOMEW? ZNIE 7Y — /NS A—F 7L T
11LL$H i T‘\_:{&o




Xz VY OIRERIL

(A) =%

3. o I: LN TDER
2% (BFMES

i EED

o H: EFAHRD

(C) ; %_I\J_I_EI_X_

o T: BHERLER
(D)

o CNLAFWVWEE
SHAIC A B ?




QLL

L &8

@ ANV AY— U REn: ERAEAIRER & DEE

RE]

o IRMHYZLERIAT

5 Z bR

Fie
\'/

aL—2avTEIO>WIZEF

o i, KIGDITEHA JILEENC K BEEAIFOLH S DEREHE

Z b H A HIRYIR

o ZOFEHAIITUIZEENIDEHA & EFRIC

IEEbZRI LTW5

L TWAHEEESIEH S,

o N\— DIEHEE,

LHY) A D
o [ERIAIHXIE

15 &4 % & 6-1018

—LTWT, FE&

FE2AT— )L TCOZEE]

F ATEWREILDZ ENTESEZNIE ?



E /2T DOEE

(Fujii et al. 2010)

e Stable against radial mode (al, a2)

e Spiral arms form

e They seem to be maintained for very long time
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