
3/18/20

1

ASTR 1040: Stars & Galaxies

Prof. Juri Toomre TAs: Daniel Sega, Max Weiner
Lecture 19     Tues 17 Mar 2020
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”
• Update on observatory projects

So did we really love this exam?

RESULTS FROM SECOND MID-TERM EXAM
E-mail Juri with “competitive crib sheet” entries (pdf file)

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

(graded on a “curve”):

• If    98/110 (89%) or over, A s [42%]
• 80/110 (73%) or over, B s [42%]
• 66/110 (60%) or over, C s [14%]

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)

How we will be zoom-interactive

• “Raise Hand”  (Max monitors “Participants”)
• “Send Chat” Message (Max will act)
• In both cases, Juri will get to your question 

or comment within at most a few minutes
• Or if pressing, Unmute your mike and ask 

question

• We can adjust “how to interact”, with your 
advice and experience

SNR
numbers game

Cygnus
Loop

REVISIT
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Cassiopeia A: SN in ~1680 (Flamsteed)

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

Neutron
star at
center

REVISIT

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
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Questions or Comments

Then we use Break-out Rooms for ~7 minutes 
to exchange impressions of “how are things”

Mass transfer
à accretion disk

disk gets very hot
-- radiates brightly

makes neutron stars
and black holes visible!

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 – 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



3/18/20

4

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

Questions or Comments

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


