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About i4is

The Initiative for Interstellar Studies:

* i4iswas setupin 2012

 We're a UK-based not-for-profit with a US
offshoot and international membership

* We have a long-term ambition to enable
both robotic and human exploration and
colonisation of the nearby stars

* We run two main programmes of work:
technical research, and educational
activities (with schools and universities)

* We publish a free quarterly magazine called |
Principium - please subscribe!

 We also have a membership scheme - see
www.i4is.org/membership . Please join us!
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http://www.i4is.org/membership
https://i4is.org/what-we-do/technical/

Patrick Mahon FBIS

Born in 1969 - [ was 5 months old
when Neil Armstrong walked on the
Moon, but remember Skylab crashing

[ was heavily interested in space as a
child - due to Star Trek, Sir Patrick
Moore, the Space Shuttle - and Sean!

[ have a BSc in Maths & Physics and
an MSc in Environmental Mgmt

[ work for an environmental charity
as a policy wonk

['m on the i4is Board & help edit our
quarterly magazine Principium.

I also read & write science fiction...
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Outline of the talk

crewed interstellar starships from SF?

* Five examples:
* Propulsion: the USS Enterprise (Star Trek)
* Gravity: Rendezvous with Rama (Clarke, 1973)
* Entropy: Aurora (Kim Stanley Robinson, 2016)
* Realism: Passengers (2016 film)
* Crewed or not: Sunjammer (Clarke, 1964)

* Conclusions
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What can we learn from SF?

Many of us who focus on interstellar studies
got our initial interest from reading and
watching science fiction books & shows

* They often make interstellar travel look easy

* But while the unmanned Voyager probes have
reached interstellar space, crewed missions
have spent the last half century, since Apollo,
pootling around in low earth orbit

 Why aren‘t we doing interplanetary travel?
* How much harder is interstellar travel?
What can we learn from SF books, TV & films?
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Some important caveats

[t's important to recognise that science fiction
is not intended to be science fact.

* SF writers, like all writers, primarily want to
write a good, entertaining story.

* Authors who write so-called hard SF try to get
the science right, and may even use a
scientific or engineering concept as a central
element - but the story still comes first.

* Lots of SF is less rigorous than this...

* So what follows is not a criticism of SF, just an
attempt to use it to illustrate a few concepts.
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What's the main problem?

Time.

* Or, more specifically, the typical human
lifetime of roughly a century.

* Other than in a few specific cases (e.g.
cathedrals) most human projects must have a
significant payoff within a human lifetime, or
else they won't get funded.

* So as a starting point (but see the discussion
of Passengers later on), we need our starship
to get us there within about a century.

Unfortunately, time = distance / speed ...
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é | @ Interstellar distances are vast

NB: This JPL figure uses a logarithmic scale of distance...

Interstellar Distances - In Perspective:
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Interstellar - not interplanetary

* Interstellar destinations are a long way away

* Our solar system, orbiting our own Sun:
e Earth orbits 150 million km from the Sun =1 AU
* Jupiter = 5 AU, Saturn = 10 AU, Pluto =40 AU

* Our next nearest star system, beyond the Sun,
is Alpha Centauri - 4.3 light years away...
* ...so it takes light 4.3 years to reach us from there

 That's 270,000 AU, about 3,500 times the diameter
of our solar system (80 AU)!

* If the solar system were 1 metre wide, that's 3.5
kilometres away. Voyager 1 would be 2m away...
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Where could we go?

Since 1995, over 4,000 exoplanets have been
discovered orbiting other stars, near and far

* Many of them are extremely exotic (e.g.
planets made of diamond or entirely
volcanic), testing planet formation theories

« Some could be habitable - or even inhabited...

* One such is Proxima Centauri b, a potentially
habitable exoplanet discovered in the Alpha
Centauri system, our nearest stellar
neighbour, in 2016!

So how quickly could we get there?
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How quickly can we get there?

Our main problem is speed.

* Our fastest & most distant interstellar probe
is Voyager 1, launched in 1977. Travelling at
17 km/s, it's now 148 AU away & would take
74,000 years to get to Alpha Centauri.

 If we want to send a probe there in a
reasonable timeframe (e.g. 100 years), we
need to travel 1,000 times faster. But how?

* So our first issue is propulsion: how to go
really fast. How do they do it in SF?
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Example 1: the USS Enterprise

Cutaway image by Centauri, www.steamcommunity.com
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The USS Enterprise - Star Trek

['ll start with one of the most well-known
starships in all SF - the USS Enterprise from
Gene Roddenberry‘s Star Trek (1966-now).

* The Enterprise uses “warp drive”, a
hypothetical propulsion system which
enables faster than light travel.

* In the original series, the “warp factor” is the
cube root of the speed, so warp factor 2 = 8c¢...

* (The scale changes in the later series though.)

* This (probably) contradicts Einstein‘s theory
of special relativity, which says c is a limit.
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WARP SPEED CHART

— Warp 8 — Warp 9
~ Warp 9.2 Wamp 9.6

U.S.8. ENTER &
NCC-1701-A

Maximum speed
U.8.5. ENTERPRISE
NCC-1701-D

APPROXIMATE TIME TO TRAVEL

Earth to Across To nearby Across one Across To nearby
Moon Sol system star soctor FEDERATION golaxy

SPEED Kilometers X 400,000 12 million 5 20 10,000 2,000,000
per hour lightspeed kil s kil $ light-years light-years light-years light-years NOTES

Standard orbit 9600 less than 42 hours 142 years 558,335 years 2 million years 1.12 billion years 223.33 billion years Synchronous orbit around
0.00001 Class-M planet

Full impulse® 270 million 025 5.38 seconds 44 hours 20 years 80 years 400,000 years 8,000,000 years Normal maximum impulse speed

Warp factor 1 1078 million 1 1.34 seconds 11 hours 5 years 20 years 100,000 years 2,000,000 years Warp one = speed of light

Warp factor 2 11 billion 10 0.13 saconds 1 hours & months 3 yoars 8921 vears 198,425 yaars

Warp factor 3 42 billion 39 0.03 saconds 17 minutes 2 months 1 year 2,568 years 51,360 years

Warp factor 4 109 billion 0.013237 seconds 7 minutes 18 days 2 months 984 years 19,686 years

Warp factor 6 230 billion 214 0.006291 seconds 3 minutes 9 days 1 month 468 years 9,357 years Old cruising speed

Warp factor 6 423 billion 392 0.003426 seconds 2 minutes 5 days 19 days 255 years 5,096 yaars New normal cruising speed

Warp factor 7 707 billion 656 0.002049 seconds 1 minutes 3 days 11 days 152 years 3,048 years

Warp factor 8 1103 trillion 1,024 0.001313 seconds 39 seconds 2 days 7 days 98 years 1,953 years

Warp factor 8 1.83 trillion 1516 0.000886 seconds 26 seconds 1 day 5 days 66 years 1,319 years

Warp factor 9.2 178 trillion 1,649 0.000815 seconds 24 seconds 1 day 4 days 61 years 1,213 years Okd normal maximum speed

Warp factor 9.6 2.06 trillion 1,909 0.000704 seconds 21 seconds 23 hours 4 days 52 yonrs 1,048 years Maximum rated speed, can be
maintained for 12 hours

Warp factor 9.9 3.29 trillion 3,053 0.000440 saconds 13 seconds 14 hours 2 days 33 years 655 years Auto-shutd of engi
after 10 minutes

Warp factor 9.99 8.53 trillion 7,912 0.000169 seconds 5 seconds 6 hours 22 hours 13 years 253 years Nearly infinite power required

Warp factor 9.9999 215 trillion 199,516 0.000006 ds 0.2 ds 13 mi 53 mi 6 h 10 years Maximum subspace radio speed
{with booster relays)

Warp factor 10 infinite infinite 0 0 0 0 0 0 Theorstically unobtainable

In theory, a starship ot warp 10 would occupy all points in the universe simultaneously. though this spead barrier has been broken once, in extraordinary circumstances
* Full impulse ts equal 10 '/ Pgistspaed,

www.STinSV.com
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How does the warp drive work?

* Warp drive is supposedly based on matter-
antimatter annihilation (which is a real thing),
regulated by dilithium crystals (which aren‘t).

 This still wouldn‘t get you above c on its own.

* Instead, this energy is used to power the warp
core (or gravimetric field displacement
manifold(!)), which generates a warp bubble
between the left and right engine nacelles.

* The warp bubble envelops the Enterprise,
dropping it out of normal spacetime and
enabling superluminal travel.
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What's that, Mister Scott?
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YE CANNAE CHANGE THE
~ LAWS OF PHYSICS CAPTAIN!
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Is a warp drive possible?

* Warp drive is primarily an SF invention,
intended to enable interstellar storytelling.

* But there have been some attempts to come
up with a theoretical warp drive that doesn‘t
break the laws of physics.

* In 1994, the Mexican physicist Miguel
Alcubierre (while doing his PhD in Wales)
published a potential solution.

* The main problem with the Alcubierre drive is
that it’s theoretically possible, but requires
huge amounts of exotic matter to work.

www.|41S.org



Other options: wormholes?

* Another theoretical way to get from A to B
really fast is via a wormbhole.

* This connects A and B through higher
dimensional space, so the apparent distance
between them is much shorter than the real
distance.

* While wormholes are consistent with
Einstein’s General Theory of Relativity, they‘re
likely to be tiny, unstable, and impossible for
humans to use.

But apart from that, they‘re ideal.

www.|41S.org
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Can time dilation help?

* Einstein’s Theory of Special Relativity
integrates space and time into spacetime.

* Two of the real world consequences, when
travelling close to the speed of light, are:
* Length contraction - moving objects get shorter;
* Time dilation - time slows down onboard.
 When you get very close to c, these effects
become pronounced. At v =0.999c:
* 1=0.045 ], (i.e. a 1 metre ruler seems 4.5cm long)

* t=22.4t, (i.e. each second appears to take 22.4s)
* A 224 year journey would seem to last 10 yrs!

www.|41S.org



Problem 1: Where's all the fuel?

ra

BIS Project Daedalus probe and Saturn V, image uy Adrian Mann
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Michael Foale and 2 fellow astronauts on ISS, image courtesy NASA
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Example 2: Rama and gravity
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Interior view of Rama, c/o www.astrofella.wordpress.com
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Rendezvous with Rama

* Rendezvous with Rama is a 1973 novel by the
famous British SF author Arthur C Clarke.

* The plot revolves around a mysterious large
object that enters the solar system on a
hyperbolic (one-time) orbit. Scientists want to
study it, and send a ship.

* What they find is a rotating cylindrical alien
starship, 50km long by 20km diameter.

* When the visiting astronauts get inside,
exploration is complicated by the varying
gravity field provided by the ship‘s rotation.
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A 11/’0umuamua

 Oumuamua is a highly elongated asteroid

It has displayed strange behaviour, speeding up
as it left the Sun’s vicinity (should slow down)

* Probably natural - or a broken alien solar sail?!?
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The High Frontier, Gerard K O’Neill

an Colonies
inSpace

(

Initiative for Interstellar Studies

Image: cover of first edition hardback

* The same issues were
explored by Gerard K.
O’Neill in his famous
1976 non-fiction book
The High Frontier.

* His cylindrical colonies
orbiting Earth could
house tens of thousands
of people, living and
working in space.

* The 2013 film Elysium
shows just such a space

colony.
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M /e Example 3: Aurora and entropy

Image courtesy of www.starshipnivan.com
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Aurora by Kim Stanley Robinson

* In Kim Stanley Robinson‘s 2016 novel Aurora
we follow the adventures of the first
interstellar worldship as it approaches a
habitable planet orbiting Tau Ceti, 12 light
years from Earth.

* The ship has been travelling for 160 years,
and the human population of 2,000 people is
the 7th generation to be born onboard.

* A key focus of the story is breakdown - of
mechanical devices, agricultural systems, and
human health. Can they be repaired forever?

www.|41S.org



Will recycling be enough?

Can’t we just live on the worldship as we do on Earth, and recycle stuff?
« Matloff (2005) gives a good overview of the issues.

* To get a baseline for the scale of the challenge, let’s look at where we are on
recycling today.

* Thelatest (2016) UK annual recycling rate for household waste is 45.2%

e Ifthe UK were a closed system with no access to new resources from
outside (like a worldship), how quickly would our resources run out?
* After 2 years, we would have 0.452 x 0.452 = 0.204 (20.4%) of our resources left
* Afterjust 10 years, we would have (0.452)"10 = 0.036% of our resources left!

* Suppose we improved our recycling rate to 99% - well above current
performance anywhere on Earth.

* After 100 years, we would have (0.99)*100 = 36.6% of our resources left - not too bad
perhaps?

* After 500 years, we would have (0.99)*500 = 0.66% of our resources left.

* So even a really high recycling rate is no good over long timescales in a
closed system. And yet the Earth seems to manage...
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Problems with closed ecologies

The best example here is Biosphere 2:

e Initial mission ran for 2 years (1991-1993) - but was
intended to be ‘one of many such experiments with human
inhabitants lasting up to 100 years.

* Multiple problems emerged, and after a 2nd experiment,
lasting only 6 months, it was basically abandoned.

Initiative for Interstellar Studies www.|41S.org



Mechanical deterioration

Over time, materials and mechanisms wear
down and deteriorate, especially in the space

environment — as LDEF demonstrated between
1984 and 1990.
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What's the answer?

In more optimistic SF (e.g. Star Trek), such
issues are dealt with through invented gizmos
(replicators / molecular synthesisers).

* 3D printers might seem to be our equivalent -
but if you run out of feedstock, the 3D printer
becomes useless.

 Ultimately, entropy is a serious issue for a
long-duration space mission. You may be able
to overcome it through use of energy, but loss
of materials is a real problem.

More in my ]BIS paper (Jan 2020, pp.21-25).
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Example 4: the Avalon
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Image of the Avalon, www.space.com
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The Avalon (Passengers)

* In the 2016 film Passengers, two of the 5,000
colonists onboard the Avalon, a worldship
headed to a distant exoplanet, wake up from
hibernation 30 years into the 120 year trip.

* They are unable to wake the crew, radioing
back to Earth will take decades - so should
they just accept their fate?

* [‘ve highlighted this film, as it does a pretty
good job of trying to be accurate - e.g. on
artificial gravity, hibernation pods, self-repair

systems - though there’s license elsewhere...
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LCDs for

attitude Solar cells
control
0.0075 mm
material

Image of the Ikaros solar sail courtesy JAXA
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Sunjammer, Arthur C Clarke

* Ill finish off with a short story that precedes
Star Trek by two years: Clarke’s Sunjammer
(later renamed The Wind from the Sun).

* It portrays a crewed yacht race through the
solar system (so interplanetary, not
interstellar), where the yachts‘ sails are huge,
reflective and powered by the momentum of
light photons bouncing off them.

* The basic physics is sound (c.f. Ikaros) - but
the scale‘s all wrong. The forces are tiny, so
payloads are tiny too, not human-sized (yet).
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i4is Andromeda Probe study

Image: i4is Andromeda probe

Credit: Adrian Mann
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* Solar sails use the small momentum of sunlight
for propulsion - so only work near the Sun

* Instead, use huge Earth-based lasers & tiny sails

* i4is and Breakthrough Starshot working on this
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Some final thoughts

Space-based science fiction has always been
popular amongst readers; it has recently
become popular in TV & films too.

* Interstellar studies are undergoing something
of a renaissance at the moment - exoplanets,
Oumuamua, solar sails, ...

* If you love the fiction, understanding the
science & engineering can enhance that.

* To find out more, check our website, read our
free quarterly magazine Principium - or join
our membership scheme!
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Suggestions for further reading

[f you're interested and want to know more:

* The Starflight Handbook, Greg Matloff & Eugene
Mallove (1989) - the classic introductory text

* Beyond the Boundary, i4is (2016)

And for inspiration (& education):

* Aurora, Kim Stanley Robinson (2015)
* Passengers, Morten Tyldum (2016) — on DVD!
* Colony, Ben Bova (1978) - Rest in Peace.
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Thanks for listening
Any questions?

Patrick Mahon
Initiative for Interstellar Studies

www.i4is.org

patrick. mahon@i4is.org
Twitter: @PJMahon
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