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The known universe in 1785
consisted of a small, local part of the Milky Way

mapped by Caroline & William Herschel





Edwin Hubble

1924: galaxies 
1929: expansion 1908:  Cepheid variablesElliptical Spiral Irregular

 Galaxies

Irregulars

Henrietta Leavitt



(1) a supermassive* black hole lurks 
at the center of every galaxy

*supermassive black hole  >  1 million  x  Sun’s mass

active BH vs. inactive BH 

1995



(2) the mysterious correlation between 
black hole mass & galaxy bulge mass

Galaxy Mass
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the black hole knows 
about the galaxy it lives in

Credit: K. Cordes, S. Brown (STScI)

LINER M81:
 MBH ~ 70 million M⦿ 

MGALAXY ~ 700 billion M⦿

Galaxies grow by forming stars
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galactic  &  stellar

black holes 
varieties

What is a black hole?



“Spacetime tells matter how to move;  
        matter tells spacetime how to curve.” 

John Wheeler

1916: Schwarzschild & Lorentz - GR solutions for non-rotating BH
1968: John Wheeler used the term “black hole”
1971: First black hole observed, x-ray source Cygnus X-1                                                                                                                                        
                                                                                                                                                                                                                                                                                                                                                                                                                                                  

1915: Einstein’s General Theory of Relativity



How to make a black hole:

shrink 1/200,000

Star White dwarf Neutron star Black hole

If you could squeeze the Sun to a ball with radius ~3 km 



1783: English natural philosopher 
John Michell pondered stars so massive 

even light would not escape

1676: 
Roemer 

showed light 
has finite 

speed

The idea of compact objects 
that light can’t escape is old



Anatomy of a Black hole



CLOSEST*  
stellar black hole

V616 Monocerotis
3,000 light years away 

7 solar masses 
companion: K-type star

Cygnus X-1
6,000 light years away 

15 solar masses 
companion: blue supergiant

The S
wan

Unicorn

FIRST (’64, ’71)  
stellar black hole



CLOSEST  
stellar black hole

HR 6819
1,120 light-years away 
~4 solar masses 
companions: two stars

Telescopium
Image credit: ESO

May 2020



Quasars (discovered in 1963) - galaxies with  
supermassive actively-feeding black holes at their centers



Image credit: Carnegie Institution of Science
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April 2019: First Image of a Black Hole



Image credit: Event Horizon Telescope

2021: Magnetic fields near the M87 black hole

Image credit: NASA/HST/Cote/Baltz



Image credit: xkcd.comImage credit: Wikipedia

Achieved magnification analogy: 
tennis ball on the Moon

6.5 billion solar mass black hole

Shadow ~ 2.6 Schwarzschild radia



Image from “Gravity’s Fatal Attraction” by Begelman & Rees

1979: Simulation of black hole image 
by Jean-Pierre Luminet



Gargantua (Interstellar)



2020:  
Dr. Andrea Ghez is the 4th woman to 
be awarded the Nobel Prize in Physics 

1903: Marie Curie

2018:  
Donna Strickland

1963: Maria  
Goeppert Mayer
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“for the discovery of a supermassive compact object at the center of our galaxy”



The Center of the Milky Way
Sgt A* (radio source discovered in the 1970’s)



Milky Way’s black hole is ~4.2 million solar masses

Stars appear to be 
orbiting something 
massive but 
invisible 

Closest star S0-2  
moving at 0.5c with 
a period of 15 years 
is a test for GR 

Big surprise: some 
are massive, young 
blue stars

Dr. Andrea Ghez’s research group 
followed the stars since 1995



Why should you care about 
supermassive black holes?



26,000 ly

Milky Way’s black hole

2,500,000 ly

Andromeda

Sgt A*

@ 4:30am above the SE horizon



in 4.5 billion years…
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Credit: NASA


