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SPIRAL AND SO GALAXIES

m dynamics: orderly motion in disk,
dynamically cold

m random motion only accounts for 5% of total
kinetic energy, but dispersion-supported
bulges

m with arms (spiral) or without (S0)
m gas concentrated in disk (viscosity!)

m often (faint, few % of total luminosity)
metal-poor halos

m Sa and SO prominent inner bulges
(10% higher stellar number density)

m not usually found in high-density regions —
field galaxies or groups instead
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https://www.eso.org/public/images/potw1901a/

TuLL-FISHER RELATION 1

Empirical find by Tully & Fisher 1977:
correlation between global HI profile width and
absolute magnitude = L ~ Av?,

originally a = 2.5, but filter-dependent
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https://ui.adsabs.harvard.edu/abs/1977A&A....54..661T/abstract
https://ui.adsabs.harvard.edu/abs/1977A&A....54..661T/abstract
https://www.eso.org/public/images/eso1129a/

TuLLy-FISHER RELATION 2

Simplest estimate gives L ~ v,o;* as follows:

Assumptions:
m flat rotation curves, v,o(R) ~ const.
m constant surface brightness L/R? = const.
m constant mass-to-luminosity ratio M/L = const.

Circular orbit around central mass (point mass or in disk plane):

2
R R? G
so with the additional assumptions
L 2 2
L:MM~vmtR = L~v,ot\/z = \/Z~vr20t = L~vh,
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TuLLy-FISHER RELATION 3

Slightly less simple assumptions:

® spirals °.
) :Z 107 4 ® ellipticals ~? . ../~
m flat rotation curves, v,ot(R) ~ const. s &
m constant surface brightness L/R? = const. g . ®
. . . 10! + -7 ) /9’.
m mass-to-luminosity ratio M/L ~ R%® from obs < '
1073 1072 107!
Scale R in Mpc
St t . t . Data from Bahcall and Fan 1998
arting point again:
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Same general reasoning:
L—LM 2 RO2 = | ~v2 10T = 1[99 2 o [ ~vE2
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https://ui.adsabs.harvard.edu/abs/1998PNAS...95.5956B/abstract

TuLy-FisHer REeLaTioN 4
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https://ui.adsabs.harvard.edu/abs/2020ApJ...896....3K/abstract

ELLIPTICAL GALAXIES

m little if any cool gas, but hot X-ray gas
m variety of rotation states
m most at least mildly triaxial

m sometimes, complex dynamics, e.g.
decoupled core regions

m lots of kinetic energy in random motion =
hot system, pressure-supported

m mostly old stars, all > 1 Gyr, often ~ 10 Gyr

NGC1404, image: ESO


https://www.eso.org/public/images/potw1943a/

FABER-JACKSON RELATION: L (AND THUS THE DISTANCE) FROM VELOCITY DISPERSION

Luminosity vs. velocity dispersion: L ~ o#

Derivation similar to Tully-Fisher argument, T T T T T T T
but with virial theorem: r e v ]
» GM 2.4 . o i
@ & — . .
R .
_ > N s
Assumptions: §”20 i )
m constant surface brightness —Lav’
L/R? = I, = const. F e 1
m constant mass-to-luminosity ratio T 0 ’ n . n n "
_ : -6 -18 -20 -22
M/L = const. M,
2 M I_ I_ \/Z Faber & Jackson 1976



https://ui.adsabs.harvard.edu/abs/1976ApJ...204..668F/abstract

KORMENDY RELATION: EFFECTIVE RADIUS VS. SURFACE BRIGHTNESS
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https://ui.adsabs.harvard.edu/abs/1976PhDT.......166K/abstract
https://ui.adsabs.harvard.edu/abs/2020Ap&SS.365..142S/abstract

FUNDAMENTAL PLANE
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m Originally: Djorgovski & Davis 1987 S| |
m Plane in three-dimensional parameter E" — 1
space: effective radius re, mean surface E - 1
brightness e (alternatively written as: LT 7
(Iy), velocity dispersion o vl ”
e~ 02 (lg)08 o |
m Projections lead to (scattered) 2D ;, i ] .
scaling relations, e.g. Kormendy -6 ® HCG galaxies -~ e ]
relation, Faber-Jackson [ ERrERe ]
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https://ui.adsabs.harvard.edu/abs/1987ApJ...313...59D/abstract
https://ui.adsabs.harvard.edu/abs/2003Ap&SS.285...79D/abstract

