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ASTRASTR 1120:  Stars & Galaxies1120:  Stars & Galaxies

Prof. Prof. JuriJuri ToomreToomre TA:  Ben BrownTA:  Ben Brown
Lecture 25     Wed 9 Mar 05Lecture 25     Wed 9 Mar 05

zeus.colorado.edu/astr1120zeus.colorado.edu/astr1120--toomretoomre

Today’s JoysToday’s Joys
•• What happens in presence of What happens in presence of very strong gravityvery strong gravity

light is redlight is red--shifted, passage of time slows shifted, passage of time slows 
down  down  (all courtesy of Einstein)(all courtesy of Einstein)

•• Black holes, Black holes, their general properties, and their their general properties, and their 
“care and feeding” “care and feeding” 

•• How to How to detect BHdetect BH, even , even supermassivesupermassive onesones
•• Mystery of fantastic explosions far away: Mystery of fantastic explosions far away: Gamma Gamma 

Ray Bursts (Ray Bursts (GRBsGRBs))

•• Second MidSecond Mid--Term ExamTerm Exam this Friday 11 Mar; this Friday 11 Mar; 
Review SessionReview Session by Ben by Ben tonighttonight, here 7pm, here 7pm--9pm9pm

•• NewNew Homework Set 7Homework Set 7 given out today;  given out today;  HW 6HW 6 + + 
answers returned today; answers returned today; crib sheet crib sheet winnerswinners

Reading NeededReading Needed

•• ReRe--readread 18.4 Black Holes18.4 Black Holes
•• Overview read  Overview read  S3 S3 SpacetimeSpacetime and Gravityand Gravity, , 

and more carefully and more carefully S3.4 New View of GravityS3.4 New View of Gravity
•• For next Monday, overview readFor next Monday, overview read Chap 19 Chap 19 

Our GalaxyOur Galaxy

Hans Hans BetheBethe
Nobel Prize 1967: nuclear reactions in starsNobel Prize 1967: nuclear reactions in stars

Clicker Clicker –– Black HolesBlack Holes
•• What do we mean by the What do we mean by the event event 

horizonhorizon of a black hole?of a black hole?

•• A.A. The distance from black hole at which The distance from black hole at which 
stable orbits are possiblestable orbits are possible

•• B.B. The very center of the black holeThe very center of the black hole
•• C.C. The sphere inward from which neither The sphere inward from which neither 

light nor anything else can escapelight nor anything else can escape
•• D.D. The place where xThe place where x--rays are emittedrays are emitted

C.C.

Black Holes Black Holes –– sort ofsort of courtesy of Albertcourtesy of Albert

•• Einstein’s (1911) Einstein’s (1911) 
General Theory of General Theory of 
RelativityRelativity:: gravity is gravity is 
really the warping of really the warping of 
spacetimespacetime around an around an 
object with much massobject with much mass

•• Light travels in “straight Light travels in “straight 
lines” lines” –– and its and its bending bending 
comes from comes from spacetimespacetime
being curved by gravitybeing curved by gravity
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Black HolesBlack Holes
•• Escape velocityEscape velocity vvescesc

22 = 2 x G x mass / R  = 2 x G x mass / R  (sec 5.5)(sec 5.5)

•• Mitchell & Mitchell & LaplaceLaplace in 1700’s (post Newton) in 1700’s (post Newton) 
speculated about speculated about objects so compactobjects so compact that that vvescesc
exceeds speed of lightexceeds speed of light

•• EinsteinEinstein showed space and time are not distinctshowed space and time are not distinct
(if speed of light c is (if speed of light c is constantconstant) ) SPACETIME SPACETIME 
singularitysingularity in in spacetimespacetime black holeblack hole

Time slowedTime slowed
downdown …. by…. by
moving fast ormoving fast or
strong gravitystrong gravity
Einstein’sEinstein’s
Special / GeneralSpecial / General
Theories ofTheories of
RELATIVITYRELATIVITY

19051905

19111911

Our sense ofOur sense of
time is relativetime is relative ....

if nothing can moveif nothing can move
faster than speed of faster than speed of 
light, light, space and timespace and time
are linkedare linked spacetimespacetime

Effects of strong Effects of strong 
gravity on lightgravity on light

can act like lens can act like lens 

can can redshiftredshift light light 

Light andLight and
“escape cones”“escape cones”

cone cone narrowsnarrows
as gravity forcesas gravity forces
get more get more intenseintense

““EventEvent
horizon”horizon”

SchwarzschildSchwarzschild
radiusradius:  where :  where 
escape velocity escape velocity 
is speed of lightis speed of light

RRss = 2G mass / c= 2G mass / c22

  most simply:most simply:
  ( ( RRss in km, in km, 

  RRss = 3 M= 3 M
  M in M in MMsunsun))

light coneslight cones

““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
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FlyFly--In to Black HoleIn to Black Hole 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

Crib sheet with
Highest Information Highest Information 
DensityDensity

Shannon CoffeyShannon Coffey

Crib sheet withCrib sheet with
Most Aesthetic Most Aesthetic 
AppealAppeal

Allison Allison NuanesNuanes


