
Black holes

• Black holes that result from gravitational collapse of stars are 
called stellar black holes.

• The first stellar black hole to be discovered was Cygnus X-1
(pronounced SIG-nus), in 1971.

• This object is estimated to have a mass of ~21 𝑀⊙, but it is too 
small to be anything other than a black hole.

• It is located ~7,300 light-years from the Sun.



Black holes

• Cygnus X-1 belongs to a binary system. Its companion is a blue 
supergiant of spectral class O9.7, designated HDE 226868.

• The companion has surface temperature ~31,000 K and mass ~20-
40 𝑀⊙. It is ~300,000-400,000 more luminous than the Sun.

• The shape of the companion is distorted by tidal forces from the 
black hole into a “tear drop” shape.

• Matter from the star accumulates in an accretion disk around the 
black hole.

• The matter in the disk is heated to millions of degrees, and 
generates very strong X-ray radiation that is detected from Earth.



Artist’s impression of the binary system. Matter from the blue supergiant HDE 226868 (left) is accreted in a disk around the black hole Cygnus X-1 (right).
Credits: ESA, Hubble



Black holes

• Another type of black holes are supermassive black holes, which 
have masses up to millions or even billions 𝑀⊙.

• Almost every large galaxy has a supermassive black hole at its 
center, including the Milky Way.

• The Event Horizon Telescope took direct images of two 
supermassive black holes:
• The black hole at the center of the galaxy M87, called M87*, in 2019. This 

was the first ever image taken of a black hole.

• The black hole at the center of the Milky Way Galaxy, called Sagittarius A*, 
in 2022.



Black hole M87*. At the center is the shadow of the black hole, larger than the event horizon. It is surrounded by an accretion disk. This is a false color image; the disk is not actually orange.
Credits: EHT Collaboration



The black hole Sagittarius A*, at the center of our galaxy.
Credits: EHT Collaboration



This video shows a simulation of a black hole accretion disk. This is essentially what we see in the black hole images, but the images are very blurry, so we don’t see all the details.
Credits: Hotaka Shiokawa; video available at https://eventhorizontelescope.org/simulations-gallery (under “Accretion Disk”)

https://eventhorizontelescope.org/simulations-gallery


Video

• This animation shows a very detailed simulation of how we think 
the black hole M87* really looks like.

• It also explains other parts that are not seen in the image, such as 
the jets, which are collimated (parallel) beams of matter ejected 
from the black hole at close to the speed of light.

• The video is available at this URL:

https://youtu.be/1Sv7djCASDg

https://youtu.be/1Sv7djCASDg


Video

• This video explains how the Event Horizon Telescope works.

• The video is available at this URL:

https://youtu.be/gy-jSMedpMw

https://youtu.be/gy-jSMedpMw


Bonus Video

• In this video, Derek Muller (Veritasium) explains what exactly we 
are seeing in the black hole images.

• The video is available at this URL:

https://youtu.be/zUyH3XhpLTo

https://youtu.be/zUyH3XhpLTo


Conclusions

• In this lecture we learned what happens to stars when they die, and 
what they leave behind.

• We also learned a bit about general relativity and black holes. We 
will learn more about these topics in future lectures.

• Reading: OpenStax Astronomy, chapters 23-24.

• Exercises: Practice questions will be posted on Teams. Additional 
questions are available in the textbook, at the end of each chapter.
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