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ASTRASTR 1120:  Stars & Galaxies1120:  Stars & Galaxies

Prof. Prof. JuriJuri ToomreToomre TA:  Ben BrownTA:  Ben Brown
Lecture 28     Wed 16 Mar 05Lecture 28     Wed 16 Mar 05
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M51M51
WhirlpoolWhirlpool

Today in Our GalaxyToday in Our Galaxy
•• Look at why Look at why spiral patterns are made in the diskspiral patterns are made in the disk

of galaxies, including our ownof galaxies, including our own
•• Examine the Examine the rotation curve rotation curve of our galaxy, and the of our galaxy, and the 

unseen mass unseen mass (dark matter)  (dark matter)  that it impliesthat it implies

•• Complete your reading ofComplete your reading of 19.2 Star19.2 Star--GasGas--Star Star 
Cycle  Cycle  ---- BenBen covers this in Friday lecturecovers this in Friday lecture

•• Second MidSecond Mid--Term ExamTerm Exam returned today (plus returned today (plus 
answers) answers) –– mapping of grades nextmapping of grades next

•• Problem Set 7Problem Set 7 due in class on Friday (or turn in due in class on Friday (or turn in 
earlier to Ben)earlier to Ben)

So did we really love this exam?So did we really love this exam?

RESULTS FROM SECOND MIDRESULTS FROM SECOND MID--TERM EXAMTERM EXAM

SECOND MIDSECOND MID--TERM EXAMTERM EXAM
•• Grade boundariesGrade boundaries, based on 135 points:, based on 135 points:
•• If  123/145 (85%) or over, If  123/145 (85%) or over, A’sA’s [24%][24%]
•• 110/145 (76%) or over, 110/145 (76%) or over, B’sB’s [29%][29%]
•• 85/145 (59%) or over, 85/145 (59%) or over, C’sC’s [37%][37%]
•• 72/145 (50%) or over, 72/145 (50%) or over, D’sD’s [  6%][  6%]
Also +, plain, and Also +, plain, and –– within these rangeswithin these ranges
MedianMedian grade 77%; grade 77%; highest 99,98highest 99,98% (2)!% (2)!
Go through answer sheetGo through answer sheet –– and talk to us if  and talk to us if  

do not understand our choices.  Keep exam do not understand our choices.  Keep exam 
+ answers for future review (comp final)+ answers for future review (comp final)

How to build a  How to build a  
spiral galaxyspiral galaxy

(or so we think!)(or so we think!)

Review:Review:
OneOne--page story page story 

Cartoon sketchCartoon sketch
of Milky Wayof Milky Way

EdgeEdge--onon

TopTop

oo

oo
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If If wewe might see might see Milky WayMilky Way from outside from outside 

Spiral Spiral 
SbSb galaxygalaxy
NGC 4414NGC 4414

oo

Magnificent spiral galaxy Magnificent spiral galaxy –– M51 WhirlpoolM51 Whirlpool

WhyWhy thethe
twotwo--armedarmed
SPIRALSPIRAL
PATTERN?PATTERN?

Stars, gas and dust in diskStars, gas and dust in disk

NGC 891NGC 891

oo

Inventory ofInventory of
“stuff” making“stuff” making
up our galaxyup our galaxy

Stars Stars 

Gas Gas 

DustDust+ “+ “darkdark
mattermatter””

The Star-Gas-
Star Cycle

Cycle ofCycle of
starstar gas gas 

starstar

Many views of our galaxy diskMany views of our galaxy disk
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Reading clicker Reading clicker –– mapping our galaxymapping our galaxy

•• We want to map the We want to map the structures of very cold structures of very cold 
gas within the dusty diskgas within the dusty disk of the Milky Way.   of the Milky Way.   
What wavelengths should we be using, What wavelengths should we be using, 
and why?and why?

•• A.A. radioradio
•• B.B. visible lightvisible light
•• C.C. xx--raysrays

A.A.

A.A. RadioRadio

•• DustDust obscuresobscures our our 
vision of much of the vision 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

•• 21 cm radio waves21 cm radio waves
map normal hydrogen map normal hydrogen 
gas gas ---- these pass these pass 
through dust unaffectedthrough dust unaffected

confused visible imageconfused visible image

MW disk in radioMW disk in radio

Motion of stars in spiral galaxyMotion of stars in spiral galaxy

Disk:Disk:
circular +circular +
bit up/downbit up/down

Halo & bulge:Halo & bulge:
swarming in swarming in 
and outand out

DifferentDifferent
star motionsstar motions
in disk & haloin disk & halo

1.1.

2.2.

THE GALAXY THE GALAXY ----
LIGHTEN UP !LIGHTEN UP !

Song dedicated toSong dedicated to
the Milky Waythe Milky Way MMRR =  R  =  R  xx V V 22 / G/ G

Stars moving in circles: orbital velocity lawStars moving in circles: orbital velocity law

massmass
inwardinward

radiusradius orbitalorbital
velocityvelocity

……faster orbit,faster orbit,
more massmore mass

MW rotation curveMW rotation curve

solar systemsolar system
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Reality for the Milky WayReality for the Milky Way
•• Rotation curve is flat Rotation curve is flat 

or even rising!or even rising!

•• Most of the mass of Most of the mass of 
the galaxy is outside the galaxy is outside 
the solar circle!the solar circle!

•• But few stars, little But few stars, little 
gas  there…gas  there…

•• DARK MATTERDARK MATTER ! ! 
probably in large probably in large 
halo halo ---- outweightsoutweights
stars+gasstars+gas by factorby factor
of 3 to 10  of 3 to 10  

Role of dark matter on rotation profileRole of dark matter on rotation profile

DARK MATTERDARK MATTER

Massive dark matter halo for MWMassive dark matter halo for MW

•• Stars and gas are Stars and gas are 
embedded in a embedded in a 
much larger much larger dark dark 
matter halomatter halo ????

•• Don’t know what Don’t know what 
dark matter is dark matter is 
yet… probably yet… probably not not 
baryonic baryonic (usual (usual 
protons, neutrons, protons, neutrons, 
electrons)electrons)

Dark matter halo for galaxiesDark matter halo for galaxies
•• Presence revealed Presence revealed 

by by rotation curvesrotation curves
(motions of stars in (motions of stars in 
galaxy)galaxy)

•• Dark matter extends Dark matter extends 
beyond visible part of beyond visible part of 
the galaxythe galaxy ---- mass is mass is 
~10x~10x stars and gas !stars and gas !

•• Most likely subatomic Most likely subatomic 
particles, as yet particles, as yet 
unidentified (unidentified (weakly weakly 
interacting massive interacting massive 
particles particles –– WIMPsWIMPs ?? ))

Why spiral arms?Why spiral arms?

““Density waves”Density waves” ––
stars move in and stars move in and 
out of denser out of denser 
regionsregions

More like More like ripples in a ripples in a 
pondpond than arms of than arms of 
a pinwheela pinwheel

In dense regions, In dense regions, star star 
formation is more formation is more 
intenseintense, so “arms” , so “arms” 
are brighterare brighter

M51 M51 -- WhirlpoolWhirlpool

Gas/starsGas/stars are pulled are pulled 
a little a little forward or forward or 
backwardbackward toward toward 
the high density the high density 
regionsregions

Such clumping helps Such clumping helps 
create a spiral create a spiral 
patternpattern

Push and pullPush and pull ofof
gravity in diskgravity in disk
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Read with careRead with care

““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

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


