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Space: the “tinal frontier”

“The frontier individualism has from the
beginning promoted democracy . ... But
it has also made that democracy strong in
selfishness and individualism, intolerant
of experience and education, and
pressing individual liberty beyond its
proper bounds. Its tendency was anti-
social. It produced antipathy to control,
and particularly to any direct control. It
has permitted lax business honor,

. "% inflated paper currency and wildcat
in Amerlcan Hlstory banking”
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Space: the “tinal frontier”

; Frederick Jac

kson Turner (1898) . . Donald Worster (1979)
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FRONTIER THINKING AND
HUMAN-NATURE RELATIONS

WE WERE NEVER WESTERN
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~ “Once a photograph of the
Earth, taEen from outside, is
. available, once the sheer
“isolation of the Earth becomes
~known, a new idea as powerful |
. as any in history will be let

y loose.”
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1968 & “Earthrise”:
Earth seen to be small and finite

Photo by William A. Anders, from Apollo 8
* 24 December 1968, 16:39:52 UTC. NASA image AS08-14-2383
| "We came all this way to explore the Moon, and the most important thing is that we [el[eei=ETg=le Bigl=n =21




Frontier Mentality &
The Story of the American Bison
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~60 million before 1800

40 thousand todayr
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~ 350 by 1900

May 1865: joining of
Central Pacific & Union
Pacific Railroads
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For pre-history from Bison map by William

0.8 animal remains (>60m) Temple Hornaday for
0.6 1850, 1870 &
(>27m ,~6.5m & )

millions of animals killed p.a.
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e Promontory Summit, Utah

1800 1850 1900 1950 2000




“Enough Glory for On
“Massacre from the Train”

Skulls, Michigan Carbon Works
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“White fields from the Train”
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Not all space is 7

"the “final frontier”

Near Earth Space is vital but fragile resource used for:

Communications
Navigation
Astronomy

Earth observation
Resource Exploration

Disaster management a” Und_er
Broadcasting existential
Global Internet threat from
Novel materials production space junk

Lero-gravity experiments
and many other applications.. .".
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FRONTIER THINKING AND
HUMAN-NATURE RELATIONS

Frontier Mentality

“there’s always a question, where is
the frontier, where are some
pockets of innovation where you
can do some new things?”

“| believe we are in a world where
innovation in stuff was outlawed. It
was basically outlawed in the last
40 years - part of it was
environmentalism, part of it was risk
aversion”
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FRONTIER THINKING AND
HUMAN-NATURE RELATIONS
WE WERE NEVER WESTERN

Frederick Turner“

o

“Once we admit that the public sector
takes an immense amount of risk along
the entire innovation chain, it becomes
crucial to find ways to share both risks
and rewards.”

“there is not a single key technology
behind the iPhone that has not been
state-funded”
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‘THIS IS A BOOK WHOSE TIME HAS COME.’
—PROFESSOR DANI RODRIK, HARVARD UNIVERSITY
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Debunking Public vs. Private Sector Myths
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‘Conventional economics offers abstract models; conventional wisdom

insists that the answer lies with private entrepreneurship.
In this brilliant book, Mariana Mazzucato...
argues that the former is useless and
the latter incomplete.’
—Martin Wolf, ‘Financial Times’

MARIANA MAZZUCATO

‘One of the Most Important Thinkers about Innovation’, New Republic
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| Frontier Mentality

Facebook
motto until
2014

now a political
tactic “move
fast & break
other peoples’
things”

Move fast and break
things. Unless you are
breaking stuff, you are
not moving fast enough.

MARK ZUCKERBERG

Founder, Facebook

MY MOTTO 15
“MOVE. FAST AND
BREAK THINGS.”

=

JoBS TVE BEEN
FIRED FROM

FEDEX DRIVER
CRANE OPERATOR
SURGEON

AIR TRAFFIC CONTROLLER
PHARMACIST
MUSEW CURATOR
WAITER

DOG WALKER

OIL TANKER CAPTAIN
VIOLINIST

MARS ROVER DRIVER
MASSAGE THERAPIST

xkcd
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B Hypervelocity
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| Defined as velocities, V >

U Usain Bolt
V <0.01km s |
(hypervelocity > 300 Bolts) -

U Mark Cavendish
V <0.02 km s
(hypervelocity > 150 Cavs)

U Grand Prix F1 Car
V <01 km
(hypervelocity > 30 Mansells)

U Fighter Jet
V<1kms
(hypervelocity > 3 Mig Foxbats)
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@ Hypervelocity Impacts

& U in LEO maximum relative
8 velocity is
B ° 18 km s

3 bullet, mass 3.5 gm

0.5r sand grain, mass 0.01 gm

RA

0 2 4 6 8 10 12 14 16 18
relative velocity. v (km 3'1)
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— & Solar Panel Damage

u Skylab, the Space Shuttle & ISS have given us an
understanding of just how much damage is done to

solar panels in space by particles as small as sand
grains and flecks of paint = 1
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u e.g. the panels on the Hubble
Space Telescope
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®  Solar Panel Damage

Y u One of the
"' HST panels was
brought back to

i Earth for analysis

A/ u The other was
B @F 'too warped to

£ ;!_’ recover

u Astronaut Kathy Thornton
released the warped array
into space on a space walk

on the STS-61 Servicing
Mission in December 1993
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hand grenade

1-cm cube of aliminium
mass 2.70 gm

small bolt washer

mass 0.35 gm
| L | L It)l-JIIet
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bullet, mass 3.5 gm
o

sand grain, mass 0.01 gm
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relative velocity. v (km s'1)
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‘move fast and break things’







