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1924, Galaxies and the ,,Great Debate”

1925, The Hubble Sequence (The Hubble classification of galaxies)
Edwin P. Hubble, Mt. Wilson, California

elliptical galaxies (E), lenticular galaxies (S0),
normal spirals (S), barred spirals (SB),

elliptical nebulae
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E. Hubble, The Realm of the Nebulae




The Hubble tuning fork (1925, Mt. Wilson)

Elliptical (E), lenticular (S0O), normal spiral (S), barred spiral (SB) and
irregular galaxies ()

E sub-types: EO — E7, n =10(1 — b/a)

S and SB sub-types: Sa, Sb, Sc and SBa, SBb, SBc
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elliptical nebuloe

from: G. de Vaucouleurs, Classification and Morphology of External Galaxies, Handbuch der Physik, 1959, Vol. 53, pp. 275-310

http://nedwww.ipac.caltech.edu/level5/Dev/frames.html



Spiral Galaxy Messier 83 Spiral Galaxy NGC 4565
(FORS /VLT) oy (FORS fVLT)

50 PR Phioto 28005 (August 10, 2005) & ES0 ESO PR Photo 24008 (August 10, 2005

elliptical galaxies,
normal spiral galaxies,
barred spiral galaxies

face-on views
edge-views

Th Sombrero Galy (VLT ANTU + FORS1) ﬂ



The de Vaucouleurs classification (1959, 1964)

- classes E, SO, S, Im
- families A, AB, B
- varieties s, rs, r
ellipticals fenticulars Spirafs irregulers
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from: G. de Vaucouleurs, Classification and Morphology of External Galaxies, Handbuch der Physik, 1959, Vol. 53, pp. 275-310

http://nedwww.ipac.caltech.edu/level5/Dev/frames.htmi



De Vaucouleurs (1959)
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from: G. de Vaucouleurs, Classification and Morphology of External Galaxies, Handbuch der Physik, 1959, Vol. 53, pp. 275-310

http://nedwww.ipac.caltech.edu/level5/Dev/frames.html




Bulges

M 104 SA(s)a
NGC 4565 SA(s)b?

B/D — bulge-to-disk ratio
B/T = B/% +D) — bulge-to-total
luminosity ratio

The Sombrero Galaxy (VLT ANTU + FORS

gdm] Binney & Merrifield,
alactic Astronomy, kapitola V)

Figure 4.51 The later the
ble stage T of a dis
smaller is its bulge frac
The plotted u'alues are
dividual values sca

Spiral Galaxy NGC 4565
(FORS / VLT)

ES0 PR Pholo 240006 (August 10, 2005)
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Bars (pricky)
> 2/3 diskovych galaxii maji pricku viditelnou v optickém oboru
typ SA:  galaxie bez pricky ~1/3
typ SAB: galaxie se ,,slabou” pfickou ~1/3
typ SB:  galaxie se ,,silnou” prickou ~1/3

v blizké infraCervené oblasti je frekvence pricek > 80%
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: = B Spiral Galaxy NGC 1097
e : . 09
Spiral Galaxy NGC 7424 (VLT MELIPAL = VIMOS)

Spiral Galaxy Messie 83
(FORS / VLT)

(VLT MELIPAL + VIMO5)
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Dvojpricky (double bars, bars-in-bars)

Nuklearni pricky (nuclear bars, baby bars)
Double bar in NGC 1433

(B band, Buta & Combes 1996) (H band, JCA, 1997)




Prstence (rings) a
v diskovych galaxiich
oznaceni:
prstence
- vnejsi (outer): R, R, R,
- vnitrni (inner): r (nebo 1)

- huklearni: nr



Priklady vnéjSich a vnitfnich prstencu

NGC 7020 (BUta & COmbeS 1996) The Colossal Cosmic Eye NGC 1350
(R)SA(r)0*

(FORS/LT)

(R)SB(ab  (Sy)

(R,)SAB(N)b
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The Centre of the Active Galaxy NGC 1097
Spiral Galaxy NGC 1097 (NACO/VLT)

(VLT MELIPAL + VIMOS)

ESO PR Photo 3 22 December 2004) © European Southern Observatory ESO PR Photo 33a/05 (OCtO ber 17, 2005)



Nuklearni spiraly

NGC 1365, SB(s)b
optical image near-IR image (H-band)

(&) Anglo-ﬂustrai_ian Observatory




Epicyclic approximation for Keplerian orbits

Planet Figure 3-6. An elliptical
Kepler orbit (dashed curve)
is well approximated by the
superposition of retrograde
motion at angular frequency

around a small ellipse with axis

ratio 1, and prograde motion

of the ellipse’s center at angular
frequency {1 around a circle

(dotted curve).

from Binney and Tremaine 1987



3D rozety ve zplostélém osove symetrickém

potencialu — pohled v rotujici meridionalni
roviné (R, z)
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Rovinna (2D) rozeta ve sféricky
symetrickem potencialu
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Figure 3-1. A typical orbit in a s B9 5
spherical potential forms a rosette. 1 2

R

Figure 3-3. Two orbits in the potential of equation (3-50)

N . . . with ¢ = 0.9. Both orbits are at energy £ = —0.8 and angular
ol [Blasy G dimsle, crlole Do momentum L, = 0.2, and we assume vp = 1.




Neperiodické smyckové drahy (loop orbits,
deformované rozety) a krabicové drahy (box
orbits) v osoveé nesymetrickém nerotujicim
potencialu

Figure 3-7. Two orbits of a
common energy, £ = =0.337,
in the potential $5 of equation
(3-77) when vy = 1, g = 0.9 and
H: = 0.14: (a) a loop orbit; (b)
a box orbit. The closed parent of
the loop orbits is superposed on
the orbit of (a).
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Figure 3-9. One of the most eccent ric loop orbils a;zd
one of the least elongated box orbits in the potential
@rig=09,R; = 0.14) at the energy of Figures 3-7

and 3-8.










Priklady periodickych (uzavrenych) drah hvézd v rotujicich prickovych potencialech
(drahy jsou vykresleny v neinercialni soustaveé pevné spojené s prickou;
hlavni osa priCky lezi ve vSech obrazcich vodorovne)
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Figu_re 3-15. Closed orbits at two energies higher than those
shown in 3-14. Just outside the potential’s near- -harmonic core
there are at each energy two progre ade closed orbits aligned
parallel to the potential's short axis. One of these orbits (the
less elongated) is stable, while the other is unstable.

Figure 3-16. Near the energy at which the orbit pairs -lh».m:n in Figure
3-15 appear, the closed long-axis orbits develop loops (a). At higher

energies these expand, until the orbits open out into roughly elliptical
igures (b). Notice that in (a) the z- and y-scales are different.

In each
diagram, two orbits at two different energies are shown.

Zdroj: Binney & Tremaine, Galactic Dynamics



Priklady neperiodickych drah hvézd v rotujicim prickovém potencialu
(drahy jsou vykresleny v neinercialni soustave pevné spojené s prickou;
hlavni osa priCky lezi ve vSech obrazcich vodorovneé)

Figure 3-18. Two nonclosed orbits of a common energy in the
rotating potential ®; .




Drahy v potencialu diskové galaxie s prickou:

a) Periodické (uzaviené) Stars Gas
drahy hvézd, orientované
rovhobézné s hlavni
osou pricky nebo kolmo
na ni

b) Stacejici se drahy
plynnych mracen

(s osami symetrie
naklonénymi vuci
osam pricky)

(drahy jsou vykresleny v neinercialni
soustaveé pevne spojené s prickou;
hlavni osa pricky lezi ve vSech
obrazcich vodorovné)

(from Combes 2003)
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