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Einstein’s
Breakthrough

1915: Einstein publishes his
theory of gravity, called
‘General Relativity’.
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A Hidden Monster In
the Equations

1916: Karl Schwarzschild is the first to
solve Einstein’s new equations of
gravity.




A Hidden Monster In
the Equations

Schwarzschild's solution describes the
extreme end point of the collapse of
matter.

Einstein himself did not believe in these
‘singularities’.




Anatomy of a
Black Hole

Describing a black hole
is simple enough, as
they have very few
identifying features.

S n’ju lar'o'fJ

E vent

nr Hor: 2oV

*schwer @schi ld
rad:us"



Anatomy of a
Black Hole
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Anatomy of a
Black Hole

Event Horizon Telescope
image of Sagittarius A*.



Anatomy of a
Black Hole
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Anatomy of a
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Black Hole

Black holes form when g )
giant stars run out of S R P ¢
fuel, and collapse under Led TR .,
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Roger Penrose and Stephen
Hawking bridged the gap
from Schwarzschild’s
theoretical solution of
Einstein’s equations, to
show that black holes can
form in real life (imperfect)
conditions.




Supermassive
Black Holes

Every large galaxy has a
Supermassive Black
Hole at its center.

An artist's impression of a Quasar, a particularly energetic kind
of galactic nuclei.

Black Holes are thought to
be crucial to the formation of
galaxies, in ways we don’t yet
fully understand.

The Andromeda Galaxy. The nearest neighboring galaxy
to our own.

Note: Supermassive = Between one hundred thousand, and 1 billion times the mass of the sun.



Our Nearest
Neighbor

1560 light-years away, a
star very similar to our
own sun orbits around a
black hole.

This black hole has a
mass nearly ten times
greater than our sun.

Pan-STARRS image of the
Gaia BH1 system.
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Our Nearest
Neighbor

1560 light-years away, a
star very similar to our
own sun orbits around a
black hole.

This black hole has a
mass nearly ten times
greater than our sun.

Pan-STARRS image of the
Gaia BH1 system.

This is the size of our nearest black hole (Gaia BH1), compared to Essex.

The radius stretches roughly from the Beecroft Gallery to the Dartford Bridge.



A Sense of
Scale

Let’s squash the Earth
down until it turns into a
black hole.

How far would we need
to squash it?
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A Sense of
Scale

Let’s squash the Earth
down until it turns into a
black hole.

How far would we need
to squash it?
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Natural Time
Machines

Perhaps the strangest
property of black holes,
is how the bend and
stretch time for those
nearby...

Let’s put thisinto
perspective using Gaia
BH1, the nearest known
black hole to the Earth.
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Natural Time
Machines

Recall, Gaia BH1’s radius
stretched out to Dartford.

Suppose we get into an
orbit that would stretch
out to central London.




Natural Time
Machines

Spend 1 year orbiting
our nearest known black
hole, and you will have
travelled forwards in
time by 5 months
compared to everyone
home on Earth.
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How do we
know this?

We (physicists) did the maths!

There are many predictions we
can test in the real world.

E.g. GPS
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How do we P
know this?

We (physicists) did the maths!

There are many predictions we
can test in the real world.

3 » . L ;T A. 3 .
3 — s £ 4 5 » ..' ..‘ ,,.
s Pa 0T\

GPS satellites calculate location by pinging a signal between
themselves and devices on the Earth. Extremely accurate clocks are
E.g.GPS needed to do this.

General relativity has to be accounted for in order for GPS to work.



Death by
Black Hole

pushes
into a black hole.




Death by
Black Hole

Pzrson
pushes B
into a black hole.

Let’s consider how this
looks to each person
involved...




Death by
Black Hole

From Person A’s POV,
person B never crosses
the event horizon.

Instead, Person B smears
along the horizon,
become flatter and flatter
over billions of years.
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Death by
Black Hole

From Person B’s POV,
they pass through the
horizon without much
difficulty.

If the black hole is very
small, they will be
‘spaghettified’ by the fall.

As Person B looks back at
Person A, A begins to age
rapidly.

Pe.rson BIS

Po.V

Person
B

N

Person




Questions!



Coming Up...
Pulsars Lecture

April 161" 1pm @ The Beecroft
Gallery Lecture Theatre

What does a pulsar have in common with a
figure skater? Why did astronomers initially
mistake these bizarre objects for alien life?
How are physicists using the cosmos' most
accurate clocks to learn more about the
early Universe?

In this talk we will dive into the fascinating
history leading to the discovery of pulsars,
and get to grips with some of the science
behind these ultra fast spinning neutron
stars.

“The Science of Space: A Physicists Guide to the Galaxy”

Lecture series running throughout May.



HOME OUTREACH A PROBLEMS v TWITCH OFFICE HOURS USEFUL STUFF v FUN STUFF v CONTACT

NOTES & RECORDINGS

Lecture Slides .

Hello all! I'm Rob. I'm a theoretical particle physics PhD reseacher at the
University of Sussex. Welcome to my outreach webpage!

This site is loosely designed to accompany the outreach/teaching stuff |
do online via Twitch & YouTube.

Here you will find: Archived notes & recordings from my outreach
activities, puzzles for various high school age groups, and a few useful

resources for University admissions and further study.

For my professional page, please see: robertclemenson.com

These lecture slides are
available on my outreach
website:

CosmicConundra.com



https://cosmicconundra.com/home
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