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EagleEagle
NebulaNebula

Today’s JoysToday’s Joys
•• How to How to detect black holesdetect black holes, (indirectly) even , (indirectly) even 

supermassivesupermassive onesones
•• Mystery of fantastic explosions far away: Mystery of fantastic explosions far away: 

Gamma Ray Bursts (Gamma Ray Bursts (GRBsGRBs))
•• Our Milky Way Galaxy Our Milky Way Galaxy in overview, seeing in overview, seeing 

various components of any various components of any spiral galaxy spiral galaxy ––
and a fineand a fine SONGSONG

•• Observatory Night # 6 Observatory Night # 6 tonighttonight, by sign, by sign--up up 
•• Read Read Chap 19Chap 19 Our Galaxy Our Galaxy with care with care 

““Black holesBlack holes
have no hair”have no hair”

Only threeOnly three
numbersnumbers
describe BH!describe BH!

ErgosphereErgosphere::
spinning BHspinning BH
drags nearbydrags nearby
spacetimespacetime alongalong

REMINDERREMINDER Warping of Space by GravityWarping of Space by Gravity

•• Gravity imposes Gravity imposes curvature on spacecurvature on space
–– light’s path through space will be light’s path through space will be 

“bent by gravity”“bent by gravity”
–– within the event horizon, it cannot within the event horizon, it cannot 

climb out of the holeclimb out of the hole
•• As matter approaches As matter approaches event horizonevent horizon……

–– tidal forces are tremendoustidal forces are tremendous
–– object would be “spaghettified” object would be “spaghettified” 

Warping of Time by GravityWarping of Time by Gravity
•• If we launched a probe to a black hole, time slows down as it If we launched a probe to a black hole, time slows down as it 

approaches the approaches the event horizonevent horizon
–– it may take 50 min of time on it may take 50 min of time on mother shipmother ship for 15 min to for 15 min to 

elapse on elapse on probeprobe
–– from from mother ship’s viewmother ship’s view, the probe takes forever to reach , the probe takes forever to reach 

event horizonevent horizon
–– light from probe is light from probe is redshiftedredshifted more and moremore and more, eventually , eventually 

disappears as light from it is disappears as light from it is redshiftedredshifted beyond radiobeyond radio

•• From probe’s view:From probe’s view:
–– it heads straight it heads straight 

into the black holeinto the black hole
–– light from the light from the 

mother ship is mother ship is 
blueshiftedblueshifted

How toHow to
“detect” a“detect” a
black holeblack hole
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Clicker Clicker –– Size of Black HoleSize of Black Hole
•• What does the What does the Schwarzschild radiusSchwarzschild radius of a of a 

black hole (BH) depend on?black hole (BH) depend on?

•• A.A. Both mass and chemical composition Both mass and chemical composition 
of the BHof the BH

•• B.B. Radius of  BH, as measured by careful Radius of  BH, as measured by careful 
observations of its sizeobservations of its size

•• C.C. Only the mass of  BHOnly the mass of  BH
•• D.D. Whether BH formed in massive star Whether BH formed in massive star 

supernova or in some other waysupernova or in some other way

C.C. CygnusCygnus
XX--11

Observing a Observing a 
black hole:black hole:

Cygnus Loop SNR Cygnus Loop SNR –– Home of Home of CygCyg XX--11 Cygnus XCygnus X--11: : Blue Blue supergiantsupergiant (strong winds) (strong winds) 
pours H + He onto pours H + He onto accretion disk of black holeaccretion disk of black hole

Blue Blue supergiantsupergiant

Accretion diskAccretion disk

StellarStellar--sizesize
black holeblack hole

SS 433SS 433

top candidatetop candidate
for wild object!for wild object!

another another 
stellarstellar--size size 
black holeblack hole

SS 443SS 443

BH + jetsBH + jets
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SuperSuper--massive black holesmassive black holes (BH) near (BH) near 
centers of galaxiescenters of galaxies

Biggest BHBiggest BH –– greatergreater
than 100 million Mthan 100 million MSUNSUN

Smaller BHSmaller BH

FlyFly--In to Black HoleIn to Black Hole

SuperSuper--massive massive BHsBHs in very distant galaxies in very distant galaxies 
revealed by Chandra Xrevealed by Chandra X--ray imagingray imaging

Chandra DFNChandra DFN HST  12 ByHST  12 By

3.7 By3.7 By

Gamma Ray Bursts (GRB)Gamma Ray Bursts (GRB)
•• Cosmic Cosmic gammagamma--raysrays must be must be 

observed from above our observed from above our 
atmosphereatmosphere
•• in 1960s, satellites saw in 1960s, satellites saw veryvery

strong bursts of strong bursts of gammagamma--raysrays
•• occur daily, for a few minutesoccur daily, for a few minutes
•• gammagamma--rays are hard to focus, rays are hard to focus, 

so determining their direction is so determining their direction is 
tough tough –– now feasiblenow feasible

•• Since 1997, have detected Since 1997, have detected GRB GRB 
afterglowsafterglows at other wavelengthsat other wavelengths
•• can can pinpoint sources to very pinpoint sources to very 

distant galaxiesdistant galaxies
•• must be must be vastlyvastly energetic!energetic!

GRB afterglow in very distant GRB afterglow in very distant 
galaxy galaxy –– Hubble optical imageHubble optical image

GRBsGRBs –– puzzle, maybe explainedpuzzle, maybe explained
•• Best theory suggests Best theory suggests 

““hypernovaehypernovae”:”: giant giant 
super novae (from 30 super novae (from 30 
to 100 to 100 MMsolarsolar) that form ) that form 
black holesblack holes

•• Or might be two Or might be two 
neutron stars falling neutron stars falling 
togethertogether

•• Or Or neutron star neutron star 
spirallingspiralling into black into black 
holehole ---- but energy but energy 
release must be release must be 
biggest thing around!biggest thing around!

Short GR burst (~3 minutes), Short GR burst (~3 minutes), 
long optical afterglow (days)long optical afterglow (days)

Now we turn toNow we turn to Our Milky Way GalaxyOur Milky Way Galaxy
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Stars and gas are all moving!Stars and gas are all moving!

THIS INSPIRES A SONG!THIS INSPIRES A SONG!

THE GALAXY THE GALAXY ----
LIGHTEN UPLIGHTEN UP

Sing our way toSing our way to
the Milky Waythe Milky Way

The Milky WayThe Milky Way (fuzzy ribbon of (fuzzy ribbon of 
light across the sky)light across the sky)

Clicker Clicker –– Where are we?Where are we?
•• Why was it so difficult to figure out Why was it so difficult to figure out where in the where in the 

Milky WayMilky Way are the Sun and Earth located, and if are the Sun and Earth located, and if 
ours is the only “nebula” (galaxy) ?ours is the only “nebula” (galaxy) ?

•• A.A. We are immersed in a soup of stars, gas and 
dust, so hard to see far

•• B.B. In a middle of city of stars, hard to figure 
shape of overall `metropolitan area’

•• C.C. Gas and dust can absorb light, making 
distance estimates uncertain

•• D.D. All of the above

D.D.

Size of Milky WaySize of Milky Way

•• 100100--400400 billionbillion starsstars
•• 100,000 light years 100,000 light years 

in in diameterdiameter, or, or
~ 30,000 pc = ~ 30,000 pc = 30 30 KpcKpc

(kilo(kilo--parsecs)parsecs)

•• SunSun is located about is located about 
8.5 8.5 kpckpc from center, from center, 
in the `Orion Arm’in the `Orion Arm’

Artist’s sketch!Artist’s sketch!

oo

What Milky Way might look like! What Milky Way might look like! 

Spiral Spiral 
SbSb galaxygalaxy
NGC 4414NGC 4414
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Milky Way Milky Way AnatomyAnatomy –– Spiral GalaxySpiral Galaxy Disk, Bulge & HaloDisk, Bulge & Halo

•• DiskDisk:: includes includes 
spiral armsspiral arms ----
young, new star young, new star 
formationformation

•• Bulge & HaloBulge & Halo::
older stars, older stars, 
globular clustersglobular clusters

Disk is very thin!Disk is very thin!

Artist’s edgeArtist’s edge--on viewon view

Spiral galaxy Spiral galaxy NGC 891NGC 891 –– nearly edgenearly edge--onon

OneOne--pager:pager:
ALL about us!ALL about us!

Cartoon sketchCartoon sketch
of Milky Wayof Milky Way EdgeEdge--onon

TopTop

oo

oo

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

Stars Stars 

Gas Gas 

DustDust+ “+ “darkdark
mattermatter””


