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Green Aviation Summit
September 8-9, 2010

Responding to the Challenge of Climate
and Environmental Change:
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“By 1958, private investments in over 40 U.S. observatories totaled
about $8 billion in 2012 dollars, and nationwide rocket clubs and test
sites laid the first foundations of the American space community.” !

1 Source: MacDonald, Alexander, "The Long Space Age: An Economic Perspective on the History of American Space Exploration," (PhD
dissertation, University of Oxford, 2012).



Lick Observatory
Private Endowin
1876 |
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Lick (1796-1876): $1.2B (current USD) to Lick Observatory
Guggenheim (1856-1930) and family: $36M (current USD) for Robert Goddard
Carnegie (1835-1919): $630M (current USD) to Mount Wilson Solar Observatory

1 Sources: MacDonald, Alexander, "The Long Space Age: An Economic Perspective on the History of American Space Exploration," (PhD
dissertation, University of Oxford, 2012). NASA, “Emerging Space: the Evolving Landscape of 215t Century American Spaceflight, 2014.
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Creation of a Bacterial Cell Controlled
by a Chemically Synthesized Genome

Daniel G. Gibson,* John I. Glass,* Carole Lartigue,* Vladimir N. Noskov,* Ray-Yuan Chuang,*
Mikkel A. Algire," Gwynedd A. Benders,” Michael G. Montague,* Li Ma,* Monzia M. Moodie,"
Chuck Merryman,* Sanjay Vashee,* Radha Krishnakumar,® Nacyra Assad-Garcia,*

Cynthia Andrews-Pfannkoch,* Evgeniya A. Denisova,” Lei Young," Zhi-Qing Qi,*

Thomas H. Segall-Shapiro,* Christopher H. Calvey," Prashanth P. Parmar,* Clyde A. Hutchison II1,?
Hamilton O. Smith,? ]. Craig Venter™**
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Water Jets From Enceladus as
Observed by Cassini Probe




Kepler-22 System

Habitable Zone
Solar System

Kepler-22b




How do we think about the long future?

Before the The

y . Now
aerospace era aerospace era

1800s - 1950 1950-2000 2000-2020 215 century



“Over the next 20 years, synthetic genomics is going to

become the standard for making anything”
- J. Craig Venter, 2007, Gibson et. al, Science 2010
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Mars System: Phobos & Deimos Rendezvous

Deimos Orbit

T / Staging Orbit

X TJransfer 1: Staging Orbit to Phobos
AV =0.54 km/S

Transfer 2: Phobos to Deimos
AV = 0.75 km/s

/

Transfer 3: Deimos to Staging Orbit
AV = 0.60 km/s



BLUE SUNSET - (MARS) N T www.erikwernquist.com/wanderers
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Image: Bryan Versteeg/Spacehabs.com
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Moon 2.0
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Fomalhaut System Hubble Space Telescope « STIS

NASA and ESA STScl-PRC13-01a
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