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PLANETARY SCIENCE 



Planetary Science: 
The Copernican Foundation 

John Wilkins, Discourse 
Concerning a new World  
And Another Planet (1640) 

The Moon and the planets 
Are potential Earth-like worlds 



Evidence of Life on Mars, 1894 
Canals on Mars? 
Percival Lowell,  
Mars (1894) 



Why Focus on Mars?!

Mars is the nearest planet for which the search for evidence 
of Life is justified: 
–  Earliest Mars preserves record of  conditions and materials 

from which LIFE could have started on Mars or on Earth 
–  Even today there are places on Mars that are “habitable” 

Mars is much like Earth, yet surprisingly different 
–  Silicate planet with an atmosphere, hydrosphere, and climate 
–  Potentially allows for comparative climatology with Earth 
–  Natural “control experiment” for key state variables 

Mars inspires, both scientifically, and as a tangible frontier 



Mars: Dead or Alive? 

First close-up image of Mars, 
Mariner 4, July 15, 1965 
Range 17,000 km  

•  Mariner 4 reaches Mars, 1965  - craters on Mars – dead planet? 
•  Mariner 9 reaches Mars, 1971 -  dry riverbeds on Mars – life? 

Mariner 9 image 
225 km across 



Results: No Organic Molecules found on Mars down to  
Parts Per Billion – No organic molecules = No Life on Mars 
BUT: Viking Orbiters found huge Dry River Valleys 
AND: Recent Chris McKay et al experiments with perchlorate 

Viking Landers, 1976 



GULLIES on Mars: Evidence of Water? 

Mars Global Surveyor, 2003:  
Recent Gullies? 

Mars  
Reconnaissanc 
Orbiter, 2009 

Gullies 
Formed  
1.25 Million 
Years ago 



The Voyages of the MER Twins...continue... 



Where we landed... And are exploring a new world... 



Mars Strategy: Follow the Water  

New Yorker 
Magazine 

“Blueberries” = Hematite = Past Water 



Plenty of Evidence For Past Water on Mars  
But … No Evidence for Life (Yet)  

Climate Change	

Seasonal H2O2 variation	


Polar icy soils	


Water ice at surface	


State of Martian core?	


Inter-annual climate variability on Mars	


Martian delta:	

Standing H2O bodies?	
 Water-lain rocks : Opportunity	


Water in meteorites 



The Mars Rock 

Malin Space Science Systems, MGS, 
 JPL, NASA 

D. McKay,  
K. Thomas-Keprta, R. Zare 

1996 -- Mars Rock fossils? 
ALH 84001 

Back In 
The News 

2010 – Biomorphs = mini- fossils? 



The Media Will Keep Us Up-To-Date ... 



A Long Way from HOME 



Other Solar System Habitats: 
Oceans of Europa 

Malin Space Science Systems, MGS, 
 JPL, NASA 

Cracked Ice Plains of Europa 
Galileo Project, JPL, NASA 

•  1,900 miles in diameter – slightly  
   smaller than the Moon 

•  Thick layer of ice – a few miles? 

•  Tidally generated heat 

•  Liquid ocean beneath ice – salty? 

•  An abode for life?  

•  “Drill Baby Drill!” 



NASA and the Post-Viking Revolutions 

Exobiology Program Funded: 

  Three Domains of life Research (Woese) 

  Precambrian microfossils (Barghoorn and Schof) 

  Gaia hypothesis (Lovelock and Margulis) 

  Mass extinction work  (Alvarez, Raup and Sepkoski) 

  Exogenous Delivery (Sagan and Chyba) 

  Pre-RNA world (Miller/NSCORT group) 



50th Anniversary of NASA Exobiology 
October 14, 2010 



Fomalhaut 
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Planetary Systems – The 17th 
Century Foundation 

Descartes, 1644 Fontenelle, 1686 (1821 ed.) 



Tidal Hypothesis vs Nebular Hypothesis 

Chamberlin-Moulton 
 (1905) 

Jeans-Jeffreys 
(1917) 

From Thornton Page, 
Physics Today (October, 1948) 



Van de Kamp’s Claim 

“Another Solar System Is Found 
36 Trillion Miles From the Sun” 

New York Times,  
Friday, April 19, 1963 

Motion of Barnard’s star 



Circumstellar disks – 1980s/1990s 

A. M. Lagrange et al. (Grenoble Obs.), ESO  

Beta Pictoris 

C. R. O'Dell and S. K. Wong, Rice U., WFPC2,  
HST, NASA 

Proplyds in Orion Nebula 



Real Planets! - 1995 

55 Cancri/Lynette Cook 



51 Peg – First Planet Around Solar-
Type Star 



Photometry – Another Method 



Discovery of Extrasolar Planets 



DISCOVERY METHODS FOR 
EXTRASOLAR PLANETS 

•  Blue = Radial Velocity 
•  Green = Transit 
•  Red = direct visual 
•  Gray – planets in our SS 

Vertical axis = mass 
Horizontal axis = distance from 

        parent star  



•  PREDOMINANCE OF 
  “HOT JUPITERS”  
  CLOSE TO PARENT STAR 

•  SOME SYSTEMS 
  DETECTED  



Fomalhaut 



Use transit photometry to detect Earth-size planets  
•   Wide field-of-view 0.95-meter (3-foot) diameter telescope 
•   Monitor 100,000 stars (every 15 minutes) for 4 years 
•   Enough precision (20 ppm) to detect transits of Earth-size planets 
•   Launches 2007 

21 CCD Modules are the Heart of the Kepler Mission 

Focal Plane Array 

CCD Module 

The                              Mission	




Kepler Mission First Results – 2010  
•  All hotter than 
  molten lava 

•  Kepler 4b is 4 times 
  diameter of Earth 

•  Kepler 7b is a 
 “styrofoam planet” 
  1/10 as dense as 
 Jupiter! 

•  Kepler 9b and 9c 
  2 Saturn-sized planets 
  orbiting same star 
[Science, Oct 1, 2010] 



Planet Hunt – A Big Job! 



Origins of Life Research 



LIFE: SIDE SHOW OR 
COSMIC IMPERATIVE? 



Origins of Life on Earth 

•  When?  3.5 to 4 billion years ago 

•  Where?  Unknown, but earliest evidence 3.5 billion 
                 years ago in Australia 

•  How?  The Big Question 



  Life in the Laboratory? 

Synthesis of amino acids in a presumed primitive Earth atmosphere 
(methane, ammonia, water, hydrogen) 

Miller-Urey Experiment, 1953 

Little Progress Since Then:  A Long Way from Life! 



New Research on Origins of Life 

                                                      

Hydrothermal Vent 
 University of Victoria 

                                                      

Tube Worms 
 punaridge.org 

Interstellar Organics 

Extremophiles – food chain based on bacterium 
Deriving energy from hydrogen sulfide = 
Chemosynthesis rather than photosynthesis 

Suggestive, but not Proof of Cosmic Imperative! 



Delivery From Beyond Earth? 



BioSignatures 



Search for Extraterrestrial Intelligence 



SETI – Search for 
Extraterrestrial Intelligence 

Menzel, Shortwave & Television, 1937 
Marconi, New York Times, 1920 
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Marconi,  
New York Times, 1920 



Modern Foundations of SETI: 
Cocconi & Morrison, 1959 

Cocconi 

Morrison 



SETI – Project Ozma, 1960 

Project Ozma Team reassembled for 
25th anniversary, 1975 in front of the 
85-foot Tatel telescope, Green Bank 
WV. 

Frank Drake 



OZMA 50TH ANNIVERSARY 

GREEN BANK, WVA   SEPTEMBER 14, 2010 



Modern Foundations of SETI 
The Green Bank Conference (1961) 
Sponsored by SSB of National Academy of Sciences 

Sagan Calvin 
Lilly 

Drake 

Oliver Struve 

Cocconi 

Morrison 



Fomalhaut dust disk/ David Hardy 

N = R* × fp × ne × fl × fi × fc × L 

The Drake Equation 

Astronomical  Biological      Cultural 



Green Bank Conclusions 

  Electromagnetic signals in radio spectrum most useful, ranging 
     from 1-3 Ghz 

  N might range from 1 (us) to 1 billion technological civilizations 

  Most participants favored the higher number 

  Highly dependent on L! 

Sagan:  “It was wonderful … we’ve finally penetrated 
The ridicule barrier.” 



SETI Programs 

Allen Array 

Problems: 

•   Where to Look? 

•   What Frequency? 

•   Why Would They Aim a 
    Beacon at Us? 

•   Would They Use Radio? 

Square Kilometer Array 



SETI Pioneers at NASA Ames Research Center during the Microwave 
Observing Project (MOP),” 1989, later the “High Resolution Microwave 
Survey, (HRMS),” L to R: Seeger, Tarter, Drake, Oliver, Billingham 



The Fermi Paradox – Where Are They? 
1.  They are Here!  UFOs 

2.  The Zoo Hypothesis –  
      Waiting for us to get smarter 

3. Interstellar Travel is Impossible 

4. They aren’t Interested in Us! 

5. Lack of Funding –  
    Gridlock in ET Congress! 

6. They Don’t Exist! 



Astrobiology 
Mid-1990s 

Planetary Science 
Mars Rock 
Europa 
Geochemistry 
Biogeochemistry 

Planetary Systems 
Circumstellar Disks 
Extrasolar Planets 
Kepler, SIM, TPF 
Biosignatures 
Theoretical studies 

Origins of Life 
Genomics/Phylogenetic relationships 
Life in Extreme Environments 
Complex Organics Simulations and Obsns 
Laboratory Prebiotic Experiments 

Coalescence of a New Discipline 

SETI 
NASA SETI 
SETI at Home 
SETI Institute 
SETI 2020 Roadmap 
Allen Array 
Square Kilometer Array 

Astrobiology Institute 
1998 

IAU Bioastronomy Commission 51 Triennial Meetings, 1984- 



Cautionary Notes 
Achenbach: 

“The topic of extratrerrestrial life is thoroughly 
Contaminated by wishful thinking.” 

Carl Sagan’s “Assumption of Mediocrity” may 
Need to be retired for a while. 

Gonzalez and Richards: 

The Copernican Principle called into question 
In the context of Intelligent Design 
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SOME 
   CHALLENGING 
       QUESTIONS 

(And My Answers) 



WHAT ABOUT UFOs? 

•  95% ARE EXPLAINABLE 

•  HOW ABOUT THE REST? 

•  The Nature of Evidence 

Carl Sagan: “Extraordinary Claims Require Extraordinary Evidence” 



SHOULD WE COMMUNICATE? 

•  SETI vs METI 
   Controversy within IAA SETI Permanent Study Group 

•  Should we reveal the 
  position of our nice  
  home planet? (Hawking says NO!) 

     (Martin Ryle too!) 
     (And George Wald!) 
     (And David Brin!) 

•  Who speaks for Earth? 

•  What do we say? 



Royal Society Debate – October 4, 2010 
I think, "weighty arguments" adduced by creator and adduced by 
critic possess different weight. 
To create something, you must be a professional, but to prohibit – 
just enough to be a dilettante… 

     Alexander Zaitsev 

VS 

Brin 

Michaud 

Benford 



Radar Astronomy Transmissions versus Messaging to ETIs [Zaitsev] 

SRADAR / SMETI ~ 2000, TRADAR / TMETI ~ 500, 

where S is the total area of the sky, illuminated by transmissions and T 
is the total duration of both transmissions. 

Therefore, the probability to detect the radar astronomy transmissions 
by a hostile super-civilization is (2000×500) = 1,000,000 times higher 

than that of the METI transmissions. 
And it is very important to understand: “addressless” RADAR 

transmissions and targeted METI are absolutely equivalent, because 
monster super-aggressive and super-powerful ETIs may live 



Next Step in METI 

70-m dish in Ussurijsk, Russia 

This Asteroid Radar Telescope 
we plan to put into operation in 
2013 

It will have 4 modes of 
operation: 

1) Radar Study of Planets and 
MBAs 

2) Radar Study of NEOs 

3) Radar Study of Space Debris 

4) Transmission of Interstellar 
Radio Messages 

This new Radar Telescope will 
be about 10 times more powerful 



What are ETs Like? 
    Classic Version 

GOOD GUYS BAD GUYS 



What are ETs Like? 
    Modern Version 

GOOD GUYS BAD GUYS 



A More Systematic Approach to the 
Nature of ET? 

Long-term “Stapledonian” Thinking Is Necessary 
To Understand the Nature of Intelligence 
In the Universe Today, if it is 
Indeed Widespread 

Humans not Accustomed to 
Thinking on Cosmic Time 
Scales for Biology and Culture. 



Cosmic Evolution – The Ultimate 
Master Narrative  



Bringing Culture to Cosmos – 
A Postbiological Universe? 

1)   The Maximum Age (A) of ETI  
      is Several Billion Years 

2) The Lifetime (L) of a Technological  
     Civilization is > 100 Years and Probably  
     Much Larger 

3) In the Long Term Cultural Evolution  
    Supersedes Biological Evolution, and  
    Would Produce Something Far Beyond  
    Biology 



Effects of Cultural Evolution 

Cultural Evolution Has Resulted in 
a Postbiological Universe, with 
Implications for SETI Strategies 

S. J. Dick, “Cultural Evolution, the 
Postbiological Universe and SETI,” 
International J. of Astrobiology, 2 (2003), 65-74 

Mercury, November-December, 2003 



What are The Implications of  
Discovery of Extraterrestrial Life? 

___________________________________ 
•  Will depend on scenario (microbial or 

intelligent; near or remote, good or bad,etc) 
•  Will vary in different cultures 
•  Will affect religious doctrines in different 

ways (a long history of discussion) 
•  Will determine our place in the universe 



Q3. Studies of Implications 
of Astrobiology  

  1991-1992 NASA CASETI Workshops  
 (Billingham et al) 

  1999 NASA Workshop on Societal Implications of Astrobiology 
 (Connell, Dick et al) 

  Templeton Foundation Workshops  
 (Dick et al)  

  AAAS Program of Dialogue Between Science/Religion 
 (Bertka et al) 

 Astrobiology Societal Issues Roadmap, 2009 
 (Race et al) 

  IAA Permanent SETI Committee and its SETI Post- 
  Detection Task Force (Davies et al) 



Why is the Universe Fine-Tuned for Life? 

 “The realization that the possibility of 
biological evolution is strongly dependent 
upon the global structure of the Universe is 
truly surprising and perhaps provokes us to 
consider that the existence of life may be no 
more, but no less, remarkable than the 
existence of the Universe itself .” 

The Anthropic Cosmological Principle 
Barrow and Tipler, 1986 



Cosmic Coincidences? 
             Martin Rees, Just Six Numbers (1997) 

1) N, = 1036 = ratio of electrical to gravitational forces – a measure of the weakness of gravity 
   [a few less zeroes and only short-lived mini-universes; no time for evolution of life] 
     [if gravity stronger, then stars would be smaller] 

2) ε,Epsilon, = .007 = binding power of nuclei, controlling transmutation of elements 
   [if .006 or .008 elements for life would not exist; determines stellar lifetime] 

3) ω, Omega = amount of material in our universe, a measure of gravity vs expansion 
    rate [if expansion too slow, no galaxies and stars; if too fast, collapse long ago] 

4) λ, Lambda, cosmic antigravity, also controls expansion rate. [= accelerating universe, 

 discovered in 1998; Einstein’s Cosmological Constant] 
5) Q = 1/100,000 [after WMAP 1/10,000,000] = accounts for all cosmic structure 

 [non-uniformities in cosmic background radiation temperature, “primordial seeds”] 

6) D = 3 = number of spatial dimensions 
   [life could not exist if D were 2 or 4 – Flatland notwithstanding!] 



Explanations for Biofriendly Universe 

•  A supernatural intelligence fine-tuned the universe 
(the God hypothesis)  

•  A highly-evolved natural intelligence fine-tuned 
the universe   

•  A “multiverse” exists, an ensemble of universes, 
and we happen to live in one suitable for life 

•  It’s just a coincidence!  



The Multiverse 

 Thomas Wright of Durham,  
An Original Theory  
or New Hypothesis of the Universe (1750) 

“the possibility that there could be 
 other universes (either connected or  
disconnected from ours) in which the  
constants of physics (and perhaps even  
the laws of nature) are different …” 

  - Carr, 2007 



Why 
A  
Multiverse? 

Max Tegmark –  
Four Levels of Multiverse 

Major Problem: 
Unverifiable! 



Is This Science?   

 “The influence of the anthropic principle on 
contemporary cosmological models has 
been sterile.  It has explained nothing and it 
has even had a negative influence.  I would 
opt for rejecting the anthropic principle as 
needless clutter in the conceptual repertoire 
of science.”  

Heinz Pagels, Perfect Symmetry, 1985 



Is This Science?  

  “The idea is highly speculative and, from both a 
cosmological and a particle physics perspective, 
the reality of a multiverse is currently untestable.  
Indeed, it may always remain so, in the sense that 
astronomers may never be able to observe the 
other universes with telescopes and particle 
physicists may never be able to observe the extra 
dimensions with their accelerators.”  

       Bernard Carr, Universe or Multiverse?  2007 



Is This Science? 
But … 
   There has been a fundamental change in  the 

epistemological status of the multiverse 
proposal and the anthropic principle 
because of the many ways in which we now 
realize other universes could originate … 

Carr, Universe or Multiverse?  2007 



So,Why is the Universe Biofriendly? 
1) God Hypothesis – unverifiable    

2) Multiverse – unverifiable    

3) Highly evolved natural intelligence – 
verifiable in principle, but difficult!                
The Matrix?  Humans are a computer simulation created by an advanced 
civilization good with computers! 

•  See Fred Hoyle, James Gardner’s Biocosm, Steve Dick’s Cosmotheology 
•  Sherlock Holmes:  When you have eliminated the impossible, whatever 

remains, however improbable, must be the truth ... 

4) It’s a Coincidence! 



Prospect … 

“The prospects are bright for a future-
oriented science, joining together in a 
disciplined fashion the resources of 
biology and cosmology.”  

                 Freeman Dyson, Infinite in All Directions, 1988 

        Fine tuning and the multiverse may prove central to this task 



Deep History of ETL Debate 
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THANK YOU! 


