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Figure 4-5. The relationship between the rotation parameter v/a and
ellipticity ¢ predicted by (4-95) for elliptical galaxies whose isodensity
surfaces are similar coaxial oblate spheroids. The dashed curves show the
movement of the point corresponding to the observable quantities 7/F and €,
when the galaxy’s inclination angle 1 is decreased from 7 = 90°.



12k (a) 121 (b)
10 F 1.0k
% X
w oF . 1 v o8F
% osf %, 1 % o6
o4t X - 04} o°
L/ - 0.2+/ ©°
/A i Omo??&?
1991 9 79

i 1 | ] 1
01 02 03 04 05 0.1 02 03 04 05
€

Figure 4-6. (a) The positions in the (v/0, €) plane of elliptical galaxies (dots), and
of spheroids {crosses), that have luminosities smaller than L = 2.5 x 1019Lg. (b)
The same as (a) but for elliptical galaxies brighter than L = 2.5 x 1010 L. (After
Davies et al. 1983.)
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luminous ellipticals (Mg > —20.5). The data were taken from Davies et al. (1983).
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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 fixed fractional excess
surface densities: since the caleulations 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.
From Toomre (1981), by permission of Cambridge University Press.



Swing Amplification(2)
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Swing Amplification(3)
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TYPES OF GALAXIES

ASTRONOMERS SORT GALAKIES using the "tuning fork” classification scheme
developed by American astranomer Edwin Hubible in the 1920s. According ta
this system, galaxies came in three basic tupes: elliptical [represented by the
handfe of the fork at right], spiral [shawn os prangs] and iregular [shawn
helow ot laft). The smallest galaxies, known as dwarfs, have their own

ELLIPTICALS

UnCErain taxonomy

Within each of the 1ypes are subtypes that depend on the details of the
galaxy's shape, Going from the top of the tuning fark 1o the hottom, the galactic
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 2% spirals withaut bulges, undergo a collision during which
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Katz and Gunn 1992

dark pearticles
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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

e Nov 2008:
Burst of results

from VLBA

e Several data
from VERA

(Compiled by Dr.
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cosmic rays coming from exploding stars in the Milky Way
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sea-surface temperature anomaly (ceg.)
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(Fujii et al. 2010)
animation al
animation a2

animation bl

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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