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Lecture Overview

• Classical Motion – Newton’s Laws & Thermodynamics

• Einsteinian Relativity - The Special Theory

• Time Travel by High Speed

• Einsteinian Relativity - The General Theory

• Time Travel by Black Hole

• Space Travel by Warp Drive

• Space-Time Travel by Wormhole

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



Lecture Live Links (LLL)

https://docs.google.com/document/d/10eDULP3i1jxzzZLrkw6TOchcnYukyjC_cKmaAGCpfYU/edit?usp=sharing


Part I - Space Travel via Classical Physics



Principles of 
Classical Motion

Laws describing how heat moves, 
and converts into motion.
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Part II - Time Travel via Sub-Luminal Velocity



Special Relativity

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


Galilean Relativity
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Galilean Relativity

an Inertial Reference Frame



Galilean Relativity



Maxwell’s 
Equations
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A Problem for 
Galileo…
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Theory vs Experiment





Einsteinian Relativity
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Einsteinian Relativity
This makes some intuitive sense.

If you run at a light ray at head-on, 
something about your perception of time 
must shift for the speed of light to remain 
the same as if you were standing still.

But… It’s deeper than just ‘perception’. The 
passage of time really does change. 

Plants growing on a highspeed rocket will 
germinate later than they would at rest on 
the Earth. Grey hairs will not appear as 
numerous, food will not spoil, clocks will 
not tick as far ahead.



Time Dilation

here

https://www.youtube.com/watch?v=4oJFCjDixrI&t=3s&ab_channel=CosmicConundra
https://docs.google.com/document/d/1xY5IlhY2epXMgNJ6ZjJJHi_46Z_fBq7_CDPIgwkpLZE/edit?usp=sharing


Time Dilation
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Hang on… Why do we not observe this phenomena in 
our every day lives?

Not every jogger that runs past us moves in slow 
motion! 



Time Dilation



Forwards Time Travel
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Part III - Time Travel via Black Hole



Newton’s Law of 
Universal Gravitation
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Newton’s Law of 
Universal Gravitation



General Relativity
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General Relativity

an 
Inertial Reference Frame
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General Relativity

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



General Relativity

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

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


The Monster Hidden 
in the Equations



Anatomy of a 
Black Hole
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The Singularity



Black Hole 
Formation
• BH



Natural Time 
Machines
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How do we 
know this?



How do we 
know this?



Death by 
Black Hole…

See Lecture ‘Black Holes 
and Beyond’ for a 
discussion of what it 
would feel like to fall into 
a black hole…. LLL[3]. 

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


Part IV - Space Travel via ‘Warp Drive’



The Universal 
Speed Limit

Not only is the speed of 
light constant, for 
everybody who measures 
it. 

It is also the maximum 
speed anything can move 
at in the Universe.



‘Light Years’
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‘Light Minutes’



The Alcubierre 
‘Warp Drive’

In 1994, Miguel Alcubierre 
allowed his imagination 
to wander while watching 
Star Trek, and laid the 
foundations for the 
serious scientific study of 
faster-than-light travel.



By imagining a configuration of 
space time, that would allow an 
observer to ‘surf’ the wake of a 
super-luminal bubble of space 
time, Alcubierre showed that 
faster than light travel is not 
explicitly forbidden by Einstein’s 
equations of gravity.

The Alcubierre 
‘Warp Drive’
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The Alcubierre 
‘Warp Drive’



Proxima Centauri is the 
star closest to our own 
solar system.

It is a distance of 4.25Ly 
from the Earth (very close 
at the scale of the 
galaxy… very far by all 
other metrics!).

Proxima Centauri 
in a Week



Proxima Centauri 
in a Week

Travelling at the fastest 
speed any human-made 
object has every moved 
(the Parker Solar Probe, 
during it’s closest 
approach to the sun) it 
would still take about 
6633 years to reach 
Proxima Centauri.



Proxima Centauri 
in a Week

If FTL (faster than light) 
travel is possible, this 
journey could be 
completed in a matter of 
days.



On big problem with the 
Alcubierre Drive, is that it 
requires exotic matter to 
produce the distortion of 
space-time required to 
form and sustain such a 
‘Warp Bubble’.

In this context exotic 
matter refers to 
substances with a 
negative mass, or a 
negative energy density. 

Exotic Matter
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Not in any useful sense, 
that we know of…

The closest phenomena 
we know of, which is a 
result of Quantum 
Mechanics, is the so 
called ‘Casimir Energy’ 
present in the vacuum, 
detectable by measuring 
the force between two 
uncharged parallel 
plates.

Exotic Matter

Particles pop into existence and dissolve back into the vacuum a 
short time later.
This fizz of of creating and annihilating particles fills the entire 
Universe.

https://docs.google.com/document/d/1xY5IlhY2epXMgNJ6ZjJJHi_46Z_fBq7_CDPIgwkpLZE/edit?usp=sharing
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Suppose we could build 
such a craft, there are 
some good reasons you 
might not want to do 
so!...

Other Problems…



Due to the super-
relativistic speeds of the 
craft, a collection of very 
high energy particles 
would accumulate at the 
front of the ‘warp bubble’.

Other Problems…



When the craft 
decelerates, these high 
energy particles would 
continue to move…

Other Problems…



This deadly beam of 
paired matter & anti-
matter particles would 
propagate forwards as a 
deadly beam of energy…

Other Problems…



Likely destroying what lay 
in its path….

Not the best introduction 
to other species!

Other Problems…



Part V – Space-Time Travel via Wormhole



Wormholes
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Wormholes



Exotic Matter Again…



Backwards Time Travel?



Questions!



Coming Up…



Lecture Slides

CosmicConundra.com

https://cosmicconundra.com/home
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