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Lecture Live Links (LLL)

https://docs.google.com/document/d/1Iak0g6w9g1SvLZtuK-ejItLDnnpdqD0XV4lRwJkvp1U/edit?tab=t.0


Lecture Overview

• Gravity: From Newton to Einstein

• The Life of Stars: Birth to Death

• Black Holes in the Cosmos

• Black Holes as Time Machines

• Death by Black Hole

• Q&A (Questions welcome throughout the talk!)



Part I – Gravity: From Newton to Einstein



Gravity and Levity



Kepler’s Laws of 
Planetary Motion
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Newton’s Law of 
Universal Gravitation
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Newton’s Law of 
Universal Gravitation



General Relativity



General Relativity

https://docs.google.com/document/d/1xY5IlhY2epXMgNJ6ZjJJHi_46Z_fBq7_CDPIgwkpLZE/edit?usp=sharing


General Relativity



General Relativity

‘Spacetime tells matter how to move; matter 
tells spacetime how to curve.’ – John Wheeler



General Relativity



Feynman’s Golden Rule



General Relativity

https://docs.google.com/document/d/1xY5IlhY2epXMgNJ6ZjJJHi_46Z_fBq7_CDPIgwkpLZE/edit?usp=sharing


wrong.” – R.P. Feynman

However… Wrongness is a spectrum!

“Absolute truth” is a challenging 
concept, and not one we grapple with 
in the sciences. 

Science deals with models:

A description of a physical system that 
allows us to understand some aspects 
of the phenomena and make testable 
predictions. This does not mean that 
the model has to work in all 
circumstances.

Newton vs Einstein



Einstein vs Newton is a good example.

Newton’s theory of gravity allows us 
to (mostly) explain the orbits of 
planets in our solar system, and the 
dynamics of our galaxy. Newton’s 
theory allowed us to get to the moon.

Einstein’s theory of gravity (General 
Relativity) predicts the existence of 
black holes, and solves subtle 
problems related to the orbit of the 
planets that Newton’s theory cannot 
explain.

Newton vs Einstein



Part II – The Life of Stars: Birth to Death



Like a Phoenix, 
from the ashes…



Birth of a Star

Newton’s law of gravity teaches us 
that more mass means more gravity.

Local excess density leads to 
gravitational collapse of the 
surrounding matter.

A star is born!



Birth of a Star

We can witness the birth of stars in 
nebulae, by searching for Herbig-Haro 
objects.

These regions of brighter nebulae are 
formed when jets of  plasma fire out of 
the poles of a proto-star, exciting the 
gases within the nebular causing them 
to glow more brightly.

https://docs.google.com/document/d/1xY5IlhY2epXMgNJ6ZjJJHi_46Z_fBq7_CDPIgwkpLZE/edit?usp=sharing


Main Sequence Stars

Around 90% of all stars in the Universe 
are in the Main Sequence phase of 
their life cycle.

This is the phase in which stars spend 
the majority of their burning lifetime.

https://docs.google.com/document/d/1xY5IlhY2epXMgNJ6ZjJJHi_46Z_fBq7_CDPIgwkpLZE/edit?usp=sharing


Main Sequence Stars

Around 90% of all stars in the Universe 
are in the Main Sequence phase of 
their life cycle.

This is the phase in which stars spend 
the majority of their burning lifetime.

More of Dawid’s 
Astrophotography

https://docs.google.com/document/d/1xY5IlhY2epXMgNJ6ZjJJHi_46Z_fBq7_CDPIgwkpLZE/edit?usp=sharing


Main Sequence Stars

The Main Sequence is characterized 
by stability, with forces of gravity 
(pulling inwards) and forces of thermal 
pressure (pushing outwards) in 
balance.

The origin of this thermal pressure is 
Nuclear Fusion in the core of the Star; 
squeezing Hydrogen isotopes into 
Helium, releasing huge amounts of 
energy in the process.

https://docs.google.com/document/d/1xY5IlhY2epXMgNJ6ZjJJHi_46Z_fBq7_CDPIgwkpLZE/edit?usp=sharing


Supergiant Stars

If a star is large enough (typically at 
least 8 times the mass of the sun), it 
will at some point in its life cycle form 
some kind of Supergiant Star.

Astronomers believe that the Eta 
Carinae system contains two 
supergiant stars in a binary orbit.

The largest of the two, Eta Carinae A, 
is a Blue Supergiant.

https://docs.google.com/document/d/1xY5IlhY2epXMgNJ6ZjJJHi_46Z_fBq7_CDPIgwkpLZE/edit?usp=sharing


Supergiant Stars



Death of a Star
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Part III – Black Holes in the Cosmos



The Monster Hidden 
in the Equations

https://docs.google.com/document/d/1xY5IlhY2epXMgNJ6ZjJJHi_46Z_fBq7_CDPIgwkpLZE/edit?usp=sharing


Birth of a Black Hole

https://docs.google.com/document/d/1xY5IlhY2epXMgNJ6ZjJJHi_46Z_fBq7_CDPIgwkpLZE/edit?usp=sharing


Anatomy of a 
Black Hole
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The Singularity



Supermassive 
Black Holes

• B



Observing Black Holes

• B



Observing Black Holes
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Observing Black Holes

https://docs.google.com/document/d/1xY5IlhY2epXMgNJ6ZjJJHi_46Z_fBq7_CDPIgwkpLZE/edit?usp=sharing


Our Nearest 
Neighbor



A Sense of 
Scale



A Sense of 
Scale



Part IV – Black Holes as Time Machines



Natural Time 
Machines



Natural Time 
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Part V – Death by Black Hole



TDE’s



Death by 
Black Hole



Death by 
Black Hole



Death by 
Black Hole



Death by 
Black Hole

Person B’s POV



Part VI – Death of a Black Hole



Death of a 
Black Hole

https://docs.google.com/document/d/1xY5IlhY2epXMgNJ6ZjJJHi_46Z_fBq7_CDPIgwkpLZE/edit?usp=sharing


Hawking Radiation



Hawking Radiation



Hawking Radiation

https://docs.google.com/document/d/1xY5IlhY2epXMgNJ6ZjJJHi_46Z_fBq7_CDPIgwkpLZE/edit?usp=sharing


Hawking Radiation

Quantum Field Theory 



Hawking Radiation

Quantum Field Theory 



Hawking Radiation
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Hawking Radiation



Questions!



Spacetime Sundays

part office-hour, part lecture, part book club

Spacetime-Sundays.com 

https://www.spacetime-sundays.com/
https://www.spacetime-sundays.com/
https://www.spacetime-sundays.com/


Lecture Slides

CosmicConundra.com

https://cosmicconundra.com/home


Coming Up…

https://docs.google.com/document/d/1Iak0g6w9g1SvLZtuK-ejItLDnnpdqD0XV4lRwJkvp1U/edit?tab=t.0
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