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Introduction


bulge: an elliptical living in the middle of a disk

   classical bulge<— merger

   

   pseudobulge<— secular evolution

   characteristics: memory of disks

   (1) flatter shapes

   (2) large V/sigma

   (3) small velocity dispersion with respect

       to the Faber-Jackson relation

   (4)spiral structures (nuclear bars)

   (5) nearly exponential brightness profiles

   (6) starbursts
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Morphology of barred galaxies 

SB ring 

SB spiral
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Dynamics of barred galaxies: 


average velocity of stars: 

pattern velocity of bar: 

frequency of radial oscillation: 


: corotation  (CR)

: inner Lindblad resonance (ILR)

: outer Lindblad resonance (OLR)


increase gas density and hence star formation
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Bar-driven radial transport of gas: 

bar transfers angular momentum to the outer disk —> drive spiral structure —> bar gets 
more elongated, grows, the pattern slow down


SBr

Outside corotation: gas collects into a outer ring near OLR

Inside corotation: gas falls toward the center —> pseudobulges

Around corotation: inner ring


SBs: dust lane, gas inflow


SBr galaxies are more mature than SBs galaxies

bar-to-disk ratio

axis-ratio of bar

corotation radius to disk length

—>bar strength increase

wear bar—> SB spiral

strong bar —> SB ring

rapid speed of bar —> SBs slow speed of bar —> SBr



Secular evolution of unbarred galaxies 

1/3 disk galaxies look barred at optical wavelengths


many unbarred (optical) galaxies show bars in the infrared (2/3 galaxies look barred in IR)


Oval galaxies: 

  less elongated than bars, nonaxisymmetric, evolve similarly as barred galaxies

  two ovals, different axial ratios and position angles, sometimes warped disks

  SAB or SA



infalling gas to center —> enhanced 

star formation concentrate in rings ~0.5 kpc


barred and oval galaxies evolve similarly
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The death of bars 

bars die as gas inward and build up a large concentration


ILR radius increases (  increases,  decreases as bar slow down)


a dead bar looks like a lens component


galaxies without bars, bar-driven secular evolution may have happened in the past


Ω − κ /2 Ωp


