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Lecture Overview

• The Universal Speed Limit

• Travelling through Space

• Travelling through Time

• Mass Destruction

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



Part I – Universal Speed Limit
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‘Light Years’
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‘Light Minutes’



Proxima Centauri
The star closest to our own solar system, is 
Proxima Centauri.

This is a Red Dwarf Star, with several planets 
orbiting around it.

Despite being the star nearest to our solar 
system, Proxima Centauri is still 4.25 Ly from 
the Earth.



Part II – Travelling through Space



Travelling through Space
Crossing the immense distances of our 
cosmos requires some imagination on the 
part of Science Fiction writers.

The fastest moving object ever created by 
humans, is the Parker Solar Probe.

Even at the whopping 190,000 meters per 
second of the of the Parker Solar Probe, it 
would still take over 7000 years to reach 
Proxima Centauri (our nearest neighboring 
star).



Breaking the Speed Limit…
In Science Fiction, these distances are 
traversed in a number of ways, including:

1. Warp Drive / Hyperdrive

2. Wormholes

3. Teleportation



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.
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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.
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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…



Wormholes
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Exotic Matter Again…



Teleportation
The concept of Teleportation in science fiction 
has some basis in reality, but hits a number of 
solid brick walls, including:

• Conservation of Momentum / Energy

• The No-Cloning Theorem



Part III – Travelling through Time



Travelling through Time
Forwards time travel is pretty straightforward, 
we are all doing it right now, at approximately 
1 second per second.

Even travelling forwards through time at a 
much more rapid pace is well established 
science. 

Backwards time travel is much more 
controversial…

1. Black Holes

2. Wormholes (again!)

3. Travelling Really Fast



Black Holes as Time Machines
Last time, we spoke about the time bending 
properties of Black holes:



Black Holes as Time Machines
Due to its very fast rotation, the Black Hole in 
the film Interstellar (Gargantua) is a bit more 
complicated than the example we discussed 
last time.

As described in the film, 1 hour on Miller’s 
Planet (the planet nearest to Gargantua) is 
approximately 7 years back on Earth.

This is completely in line with what we would 
expect for a close orbit of a 100 million Solar 
mass Black Hole.



Worm Holes as Time Machines



Galilean Relativity
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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
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Time Dilation

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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Forwards Time Travel



Part IV – The Physics of Mass Destruction



Blowing up a Planet
Science Fiction writer love to blow up planets!

One of the most famous examples, is the 
scene in Star Wars Episode IV A New Hope, 
where the Death Star is used to destroy the 
planet Alderaan. 



Blowing up a Planet
Science Fiction writer love to blow up planets!

One of the most famous examples, is the 
scene in Star Wars Episode IV A New Hope, 
where the Death Star is used to destroy the 
planet Alderaan. 

My Question….

What is the Death Star’s energy bill?



Blowing up a Planet

Let’s try and calculate this….
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Blowing up a Planet
Mathematically… The energy needed to ‘blow 
up’ a planet, can be calculated as the energy 
required to disassemble the planet piece by 
piece, working against the force of gravity from 
the remaining mass of the planet:



Blowing up a Planet
Mathematically… The energy needed to ‘blow 
up’ a planet, can be calculated as the energy 
required to disassemble the planet piece by 
piece, working against the force of gravity from 
the remaining mass of the planet:

For an Earth sized planet, this turns out to be 
232 thousand billion billion billion Joules of 
Energy. 



Blowing up a Planet
Assuming the Ofgem price cap applied 
beyond out solar system, the cost of blowing 
up a single Earth sized planet is 
approximately:

1.62 Billion Billion Billion Pounds



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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