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EdgeEdge--onon
spiral galaxyspiral galaxy
NGG 4013NGG 4013

Today’s EventsToday’s Events
•• More on  More on  density waves and spiral makingdensity waves and spiral making
•• How can we How can we map the spiral arm structuremap the spiral arm structure of our of our 

Milky Way galaxy?Milky Way galaxy?
•• Today turn to the mysterious Today turn to the mysterious galactic centergalactic center in in 

our Milky Way galaxyour Milky Way galaxy
•• Discovery ofDiscovery of supermassivesupermassive black holeblack hole at galactic at galactic 

centercenter
•• Overview read Overview read Chap 20 GalaxiesChap 20 Galaxies
•• NewNew Homework Set 8 Homework Set 8 on on `Cosmic Distances and `Cosmic Distances and 

Hubble Law’ Hubble Law’ passed out today passed out today –– due Mon Apr 4due Mon Apr 4

ISMISM is a prettyis a pretty
violent placeviolent place

““Life cycle” in aLife cycle” in a
molecular cloudmolecular cloud

REMINDERREMINDER
TrifidTrifid emission nebula emission nebula “O & B star associations”“O & B star associations”

visiblevisible Spitzer infraredSpitzer infrared

““Density wave”Density wave”
story story –– how spiralhow spiral
structure is builtstructure is built

GravitationalGravitational
instabilityinstability ofof
disks (gentle)disks (gentle)

Stars and gasStars and gas
move throughmove through
spiral wavespiral wave

Star birth strongly Star birth strongly 
enhanced by shockenhanced by shock
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NGC 6118 Spiral + SN (VLT)NGC 6118 Spiral + SN (VLT)

Like Milky Way?Like Milky Way? ““Grand design spiral” Grand design spiral” –– M51 WhirlpoolM51 Whirlpool

BrightBright
O & BO & B
starsstars
mark themark the
spiral  spiral  
patternpattern

Outlining Outlining starbirthstarbirth in M51in M51
visiblevisible infraredinfrared

SpitzerSpitzer

Why does “M51 Why does “M51 –– Whirlpool” have openWhirlpool” have open
spiral structure, and ours is pretty ragged?spiral structure, and ours is pretty ragged?

A: Collision with companion galaxy enhanced its spiral waveA: Collision with companion galaxy enhanced its spiral wave

Q:Q: Just HOW do weJust HOW do we
knowknow that that MW hasMW has
spiral structure?spiral structure?

A:  Radio astronomersA:  Radio astronomers
could map it withcould map it with
2121--cm line of hydrogencm line of hydrogen

21 cm21 cm
emissionemission
(radio)(radio)

SamplingSampling
neutral hydrogenneutral hydrogen
atoms (cold)atoms (cold)

also how MRIalso how MRI
does it in medicaldoes it in medical
imaging!imaging!
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Radio mappingRadio mapping
cool H cloudscool H clouds
in MW diskin MW disk

Doppler shiftedDoppler shifted
radio emissionradio emission

SUNSUN oo

oo

Another viewAnother view
of 21 cm radioof 21 cm radio
mappingmapping

SUNSUN

Beam cuts acrossBeam cuts across
different spiral armsdifferent spiral arms

oo

Radio mapRadio map (21 cm) of spiral structure in MW (21 cm) of spiral structure in MW 

Ragged spiralRagged spiral
structure revealedstructure revealed

xx

oo

SUNSUN

GALAXYGALAXY
CENTERCENTER

Emitted radio Emitted radio 
waves can waves can 
penetrate through penetrate through 
gas and dustgas and dust

CloseClose--up viewup view
of our vicinityof our vicinity

towardtoward
galactic centergalactic center

oo

““Orion Orion 
arm”arm”

Center of our galaxyCenter of our galaxy

Located in directionLocated in direction
of constellationof constellation
SagittariusSagittarius

Seemingly Seemingly nothingnothing
very interestingvery interesting
there (at leastthere (at least
in visible images)in visible images)

Clicker Clicker –– galaxy centergalaxy center

•• We want to map out the structure of the We want to map out the structure of the 
central central corecore of the Milky Way.  What of the Milky Way.  What 
wavelength wavelength should we be using, and why?should we be using, and why?

•• A.A. IR or radioIR or radio
•• B.B. visible lightvisible light
•• C.C. XX--raysrays

A.A.
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•• Dust obscures our Dust obscures our 
visionvision of much of the of much of the 
galaxy in visible and galaxy in visible and 
UV light.UV light.

•• XX--rays only highlight rays only highlight 
the hottest and the hottest and 
weirdest placesweirdest places

•• IR and radio lightIR and radio light
pass through pass through 
unaffected, show unaffected, show 
dust, stars, gasdust, stars, gas

Unusual activityUnusual activity
at galaxy centerat galaxy center

Galactic center:Galactic center: IR light reveals a IR light reveals a 
dense star clusterdense star cluster

IR 1IR 1

Zooming in on Zooming in on 
Sagittarius A*Sagittarius A*

Radio 2Radio 2

Radio 3Radio 3

Radio 4Radio 4

IR 5IR 5

RadioRadio
mappingmapping
of galacticof galactic
centercenter

SgrSgr A*A*

VLTVLT
IR+AOIR+AO
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SgrSgr A*A* :: VLT in IR + adaptive opticsVLT in IR + adaptive optics

Star motionStar motion
around around 
black hole black hole 
at galacticat galactic
centercenter

VLT: IR+AOVLT: IR+AO

Rotation velocity at galaxy centerRotation velocity at galaxy center

Black hole still less than 1/1000 of MW massBlack hole still less than 1/1000 of MW mass

Some of central mass Some of central mass 
is stars, joined by is stars, joined by 
2.6 +/2.6 +/-- 0.2 million 0.2 million 
solar masssolar mass
BLACK HOLEBLACK HOLE

Sag A*Sag A*
in Chandrain Chandra
XX--ray viewray view

ExhibitsExhibits
outbursts,outbursts,
but starvedbut starved
of fuel ?of fuel ?

Why doesn’t massive black hole have a Why doesn’t massive black hole have a 
powerful jet and accretion disk?powerful jet and accretion disk?

•• Why not much Why not much 
emission in  emission in  
XX--rays ?rays ?

•• Maybe Maybe eaten eaten 
everything it everything it 
cancan –– at least at least 
for now ?for now ?


