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ASTR 1040: Stars & Galaxies

Prof. Juri Toomre TAs: Ryan Horton, Loren Matilsky
Lecture 19     Tues 30 Oct 2018
zeus.colorado.edu/astr1040-toomre

Tycho Brahe
SNR (1572)

Joys of  Black Holes 
• Black holes, their general properties, and their 

care and feeding – and Mr. Einstein s work
S.2 (special relativity), S.3 (general relativity)

• How to detect black holes (indirectly) in close 
binary systems (read 18.3) 

• Best stellar-mass black hole candidates: 
Cygnus X-1, SS433

• Gamma-ray bursts (hypernova?)
• Next: Our Milky Way Galaxy in overview, 

aspects of any spiral galaxy 
• Overview read  Chap 19 “Our Galaxy”
• No Observatory Night #8 tonight: snow

So did we really love this exam?

RESULTS FROM SECOND MID-TERM EXAM

SECOND MID-TERM EXAM
• Grade boundaries, based on 110 points 

(graded on a “curve”):

• If  98/110 (89%) or over, A s [36%]
• 88/110 (80%) or over, B s [43%]
• 69/110 (63%) or over, C s [21%]

Also +, plain, and – within these ranges

Go through answer sheet – and talk to us if  
do not understand our choices.  Keep exam 
+ answers for future review (comp final)

SNR
numbers game

Cygnus
Loop

REVISIT Cassiopeia A: SN in ~1680 (Flamsteed)

Youngest
SNR in MW
(Chandra 
X-ray image)
synchrotron
emission

Neutron
star at
center

REVISIT
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Cass A: Viewed with Spitzer IR
REVISIT

Kepler s SNR (1604) SN in MW

x-ray visible infrared

Kepler s SNR (1604)

Chandra
X-ray image
red: oxygen
yellow: iron
blue: shock

prompt
Type Ia SN

Kepler SNR (1604) Chandra X-ray

In Milky Way: Tycho Brahe SNR (1572)

Chandra 
X-ray

20 ly across

Mass transfer
à accretion disk

disk gets very hot
-- radiates brightly

makes neutron stars
and black holes visible!
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Compact Companions in Binary Systems

• Again: mass 
transfer from 
red giant 
companion
spirals onto 
accretion disk

• Inner parts 
become VERY 
hot -- glow in 
UV, X-rays

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

horizon of a black hole?

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

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

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

C.

GR and Spacetime

• Einstein s (1911) 
General Theory of 
Relativity: gravity is 
really the warping of 
spacetime around an 
object with much mass

• Light travels in straight 
lines – and its bending 
comes from spacetime
being curved by gravity

Time slowed
down …. by
moving fast or
strong gravity

Einstein s
Special / General   
Theories of
RELATIVITY

1905

1911
Our sense of
time is relative ..

IF nothing can move
faster than speed of 
light, space and time
are linked à spacetime

SR

GR

Effects of strong 
gravity on light

can act like lens 

can redshift light 

Light and
escape cones

cone narrows
as gravity forces
get more intense
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Black Holes
• Escape velocity vesc

2 = 2 x G x mass / R (sec 4.5)

• Mitchell & Laplace in 1700 s (post Newton) 
speculated about objects so compact that vesc
exceeds speed of light

• Einstein showed space and time are not distinct
(IF speed of light c is constant) à SPACETIME 
singularity in spacetime à black hole

Event
horizon

Rs = 2G mass / c2

Schwarzschild
radius:  where 
escape velocity 
is speed of light

most simply:
( Rs in km, 

Rs = 3 M
M in Msun)

light cones

Black holes
have no hair

Only three
numbers
describe BH !

Ergosphere:
spinning BH
drags nearby
spacetime along

Warping of Space by Gravity

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

bent by gravity
– within the event horizon, it cannot 

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

– tidal forces are tremendous
– object would be spaghettified

3 aspects of falling into a black hole:
1) Spaghettified

• As matter approaches the 
singularity…
– tidal forces (difference 

between gravitational force at 
two points) are tremendous

– Your feet would feel a much 
stronger pull of gravity than 
your head

– object would be 
�spaghettified�

Three aspects of falling into a black hole:
2) Gravitational Redshift

From mothership's view
– As the probe gets closer and closer to the event horizon, 

the light becomes more and more redshifted
• Photons lose energy climbing out of the black hole gravity well
• At the EH (from our view), photons are redshifted out of existence 

(zero energy)

• From probe's view:
– Outside world gets 

blueshifted
• Photons gain 

energy falling into 
the black hole 
gravity well

24
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Three aspects of falling into a black hole:
3) Time Dilation

From mothership's view
– As the probe gets closer and closer to the event horizon, 

its clock appears to slow down
– The probe (and clock) never get to the event horizon

• It moves slower and slower, eventually freezing at the EH

From probe's view:
– it heads straight 

into the black hole
• Nothing special at 

the event horizon
– Outside world 

clock appears to 
be sped up

25

Black Holes Don't SUCK!

• Black holes have gravity, just like “normal” 
stars, planets etc.

• The only problem is that you can get SO 
close to the concentrated gravity near a black 
hole that you can't get out again

How to
�detect� a
black hole

Cygnus
X-1

Observing a 
black hole:

Cygnus Loop SNR – Home of Cyg X-1 Cygnus X-1: Blue supergiant (strong winds) 
pours H + He onto accretion disk of black hole

Blue supergiant

Accretion disk

Stellar-size
black hole
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Views of 
�Veil Nebula�

Such SNR may
have a BH lurking!
.. but not this one

SS 433

top candidate
for wild object!

another 
stellar-size 
black hole

SS 443

BH + jets

Gamma-Ray Bursts
HYPERNOVA ? 
Collapse of very 
massive star > BH 

Luminosity ~ 106 to 103 

times output from galaxy

Visible from across the 
universe ! HST

Review Clicker – Size of Black Hole
• What does the Schwarzschild radius of a 

black hole (BH) depend on?

• A. Both mass and chemical composition 
of the BH

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

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

supernova or in some other way

C.


