
Week  5   
E.T.’s, Life, and Research 

Wrapping it up! 



Are We Alone? 



First off… 
® What is Life? 

® (We’ll get to intelligent life later.) 



Pop Quiz 
® Are animals alive? 
® Are plants alive? 
® Are bacteria alive? 
® Are viruses alive? 
® Are prions (mis-folded proteins= mad 

cow disease) alive?   



Requirements to be “Alive” 
® Homeostasis:  can regulate its own 

chemistry/temperature etc. 
® Organization: Composed of one or more 

cells. 
® Metabolism: convert chemicals into 

energy 
® Growth: Increases in size or parts. 
® Adaptation: Can change itself or 

offspring to meet changing environment 



Requirements to be “Alive” 
® Response to stimuli: can respond to 

light, moisture, sounds, etc. 
® Reproduction: can create exact or 

similar copies of itself.  

® Now lets take that quiz again: 



Pop Quiz 
® Are animals alive? 
® Are plants alive? 
® Are bacteria alive? 
® Are viruses alive? 
® Are prions (mis-folded proteins= mad 

cow disease) alive?  

® What about fire?  



Life on Our World 
®  Life on Other Worlds   

®  The Nature of Life 
®  Chemical processes 
®  DNA  = information storage and duplication 
®  Proteins, enzymes, RNA, amino acids  LEFT HANDED  

DNA, common sugars = RIGHT HANDED  
®  Origin of Life? 
®  Miller experiment = 1952 , early Atmosphere 

 composition with electricity (lightning) 
®  Got simple amino acids to form  



Possible Sources of Life’s Origin 



History of Life 



Possible Steps in the Origin of Life 

Protobionts and Liposomes 



Stromatolites – Australia 3.5 b 



Early prokaryotes  
Close-up of 3.5 billion year old fossil bacteria… 



Cyanobacteria fossils 
Began to add Oxygen to the atmosphere  2.5 b. 



Which of the following is/are 
testable hypothesis about origin 
of life on earth? 

A.  Extraterrestrial aliens brought it 
B.  Came with meteors from other planets 
C.  Some superhuman powers created it 
D.  Chemicals from primordial soup 

combined to make life 
E.  None of the above / Other? 



But what is needed for this to 
occur? 
® Things being just right. 



Life on Other Worlds 
® Life Zone  or Habitable Zone 

 
 

 
 
 
® Liquid water and Carbon base only? 
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Life, it’s not just for breakfast anymore,  
the Galactic Life Zone 



So it works for Earth… 
® What ingredients are needed for life? 

® A liquid/solvent (three phases?) 
® Energy  (a temperature gradient) 
® Nutrients  (food/chemicals not in equilibrium) 



On Earth 
® Water is the solvent 
® The sun supplies energy for most life 
(hydrothermal vents supply a tiny fraction 

of energy for life in hot springs and on 
the ocean floor) 

® Nutrients – Carbon, Nitrogen, Oxygen, 
Phosphorous, Hydrogen, Sulfur 



Comfort Levels 
® We like temperatures around the 50’s 

to 90’s or so (and need technology – 
clothing or shelter beyond that usually). 

® But is all life so picky? 



But how extreme is extreme? 
® Microorganisms are often the most 

adaptable and toughest examples of life 
on the Earth. 

® Called:  Extremophiles 
Water Bear – REALLY large 
compared to the rest of our 
extremophiles 
Thickness of a credit card.  Can 
survive to 35K (-398F)  temp. of 
frozen Oxygen and ok up to 424K  
(303F).  



Archea – a very ancient line of 
bacteria 
® Acidophiles –  

® Convert sulfur to sulfuric acid for energy.   
® Deep ocean vents and volcanic vents. 
® Ex: Sulfolobus 



Archea – a very ancient line of 
bacteria 
® Halophiles–  

® Live in high salt environments.   
® Great Salt Lake and the Dead Sea. 
® Ex: Halococcus, Haloferax, Haloquadratum 



Archea – a very ancient line of 
bacteria 

® Thermophiles–  
® Live in scorching environments like 

geysers, hot springs, hydrothermal  and 
volcanic vents. 

® Give Yellowstone Park pools their vivid 
colors 

® Ex. Archeoglobus 



Archea – a very ancient line of 
bacteria 
® Psychrophiles–  

® Are cold loving extremophiles that tolerate 
conditions found deep in the ocean and in 
Arctic and Antarctic ice. 

® Can survive crushing pressures 
® Ex. Methanogenum 



Archea – a very ancient line of 
bacteria 
® Methanogens –  

® Like hot springs, swamps, trash dumps and 
animal and human digestive systems 

® Happy with methane CH4  check 
® Ex. Methanosarcina, Merthanospirillum 



Arsenic based life – Mono Lake? 
® Dec 2010 – NASA announcement 
® Organism GFAJ-1 – uses arsenic in 

cellular structure (and possibly DNA) 
® Replaces the phosphate with arsenate 

in some small percentage 
 

 
 

® Still being examined by scientific 
community – contamination still a 
possibility. 



Might we find that life arose 
more than once? 

® We’d need something like: 
® Extremophiles that exist at temperatures/

pressures/chemical environments far from 
currently known ranges 

® Different DNA/RNA construct, or different 
information containing molecule 

® Different cellular structure/survival mechanism 
     
**  None of these have been observed yet ** 



Where might we find life in 
OUR Solar System? 
® Try some guesses… 



Mars 



Mars 
® 4th planet from the Sun 
® Semi-similar to Earth in size and 

temperature  (same dry land surface 
area and can get to 20C/74F at noon in 
the summer at the equator but -153C/ 
-225F in the winter poles.) 

® Ice at the poles in the soil and maybe 
closer to the equator 

® Evidence of lakes, rivers, rain in the 
past. 

 



Dry ice and water ice pole caps 



Morning  
Frost 

® Viking 2 



River channels  



Water flow today? 

Newton 
Crater: 
Mars 



Self Sterilizing? 
® Peroxides (bad for life like hydrogen 

peroxide) 
® And iron oxides 
® And UV radiation from the Sun 

® Life (microbial) still could exist under the 
surface protected from the Sun and 
atmosphere. 



Life on Our World from 
another world? 
® ALH84001,0  

® Martian microbes?  
® They are smaller than 

earth microbes by 100x 
(like having a normal 
human only .7 inches 
tall! 



NEW!  Gypsum deposit on 
Mars  (Dec 2011) 
® From rover “Opportunity”  
® Near rim of Endeavour Crater 
® 50cm long a few cm wide vein 
® Shows water flowed through 

underground fissures on Mars for long 
periods of time 

® Calcium containing water comes in 
contact with sulfides in rocks or volcanic 
activity.  

 



Small vein of Gypsum 

About the width of a few fingers… 



Curiosity Landed 8/5/2012 
® The size of a small car 
® Sky Crane landing method (untested) 
® Will examine geology and maybe signs 

of past or current life  



Image from orbit 











Jupiter’s moons Io, and Europa— 
way beyond the Habitable Zone 



Europa 



Europa 
® Jupiter's 3rd largest moon 
® Frozen surface of nearly pure water 
® Tidal squeezing and volcanic activity 

might supply the heat and nutrients 
® Near hydrothermal vents 



Europa: Water ocean, under the ice crust, 
melted by internal heat sources— 
 this could be fairly common 

Inferred Ocean 



Io 



Io 
® Supports a thin SO2 atmosphere 
® Complex chemistry useful to life 
® Hot to warm locations 

 
® But lots of radiation from Jupiter’s 

radiation belts 
® Violent volcanic environment 
® Little water (trapped in other materials) 
 



The Saturn System 



Enceladus  



Enceladus 
® 6th largest moon of Saturn 
® Moon surface 99 % water/ice 
® Cassini probe detected carbon, 

hydrogen, nitrogen, and oxygen 
® Molten core of rock giving rise to 

nutrient flow and good temperatures at 
some depth.  



Enceladus  
Geysers 
(south  
pole)  



Titan 



Titan 
® Saturn’s largest moon 
® Thick atmosphere rich in organic 

compounds 
® Nitrogen atmosphere Methane rain/

snow/vapor 
® ½ again more pressure than at Earth 

sea level. 
® Very cold – water would be like rock at 

the surface (maybe liquid deep under 
the crust).  -180C  (-292 F) 



Methane cycle – gas, liquid 
(rain/lakes), frozen 
® Huygens probe 



Weather on Titan 



If you were given $10 billion? 
® Where would you search? 
® Mars 
® Europa 
® Io 
® Enceladus 
® Titan 



So a wider definition? 
® Should we consider more than the 

habitable zone in the universe? 



Is Europa and Enceladus telling 
us to expand our definition of 
Habitable Planet? 

® Recently, we have discovered 
that life without the sun is 
possible. 

®  Instead of photosynthesis, 
organisms have been 
discovered living in a variety  
of places via chemosynthesis - 
the use of chemical energy. 

® Could this happen on other 
worlds? A deep-sea 

 hydrothermal vent. 



Continuously  
Habitable Zone 

Later  
position 
of HZ 

Stellar Evolution 

® Stars get brighter as they age along the main 
sequence.  This results in an outward migration 
of the “habitable zone”.  The continuously 
habitable zone--the region where liquid water is 
always stable—probably only includes 1 planet. 

Initial position  
of HZ 



Biosignatures might be detected in the 
atmosphere of a planet many light years 
away 

® Disequilibrium chemistry: our oxygenated 
atmosphere is a good example.  Without 
life, the oxygen would all react with rocks 
and be gone from the atmosphere in 
maybe 4 thousand years. 

® Metabolic by-products: O2 , O3 are 
examples, but in other situations, CH4 can 
be a good biosignature (on Mars: life or 
volcanism, or iron oxide to a mineral???). 



Our 25 nearest stellar neighbors. 



260,000 stars within 250 light years 



Pessimists say we  have to search almost our entire galaxy to 
find intelligent company: 200 billion stars offer a lot of 
possibilities, but typical distances are now tens of thousands 
of light years! 



In that case, why stop with our own Galaxy, since we could 
reach thousands more, going another factor of 100 further in 
distance… 



Telescopes searching for 
Exoplanets from the ground 
® The Keck Observatory 

 
® The Lick Observatory 

 
® The Anglo-Australian Telescope 

 
® Magellan Telescope 



Other Planets? 
® Called: Extra Solar Planets  (Exoplanets) 
® As of May 2008 – 293 discovered 
® As of Feb 2012 – 759 discovered (yesterday) 

® Kepler candidates – 1235 (yesterday) 

® First confirmed = PSR B1257+12B,C in 
1992 (strongly suspected in 1988). 

® Most are massive gas giants  
(we can detect them) – for example à 



55 Cancri System (5 planets 
discovered between 1995 and 2005) 



Better equipment = more! 





GLIESE 581c (also Wolf 562) 
® 20.4 light years from Earth! 
® It is the extra solar planet discovered so 

far that is closest in size to the Earth and 
in its system’s habitable zone  
(as of April 2007) 

® In constellation of Libra around an M2 star 
® Radius is 50% larger than earth 
® Gravity about 2.24X stronger 





GLIESE 581c (also Wolf 562) 
® If it is an icy/water planet, it is smaller 

and it’s gravity would be only 1.25X 
® It’s year is 13 earth days long!! 
® One face always toward sun  

(14x larger in sky) like our Moon to us 
and Charon to Pluto. 



GLIESE 581c 



GLIESE 581c 
® All ice 

on one  
side 

To GLIESE 
581 

C 



OGLE-2005-BLG-390Lb 
® Another near-Earth sized planet 
® With some problems… 
 
® Artist Conception: 





OGLE-2005-BLG-390Lb 
 
® About 21,500ly from Earth 
® 2 to 4 AU from its sun, an M class star 
® In constellation Scorpius 
® 5X Earth’s Mass 
® 10 Earth year ‘year’ 
® Very cold – 50K (-370 degrees F) 
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The Kepler Mission 
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NEW!  Kepler 22b 
® In the habitable zone (liquid water) 
® 2.4x diameter of earth 
® Is one of 29  

confirmed,  
2,326 candidates 

® Year 289.9 earth 
days 

® Similar star 





Intelligent life? 
® What defines it? 
® What was Earth like 1000 years ago? 
® When can we detect intelligent life? 

® Smoke signals? 
® Telegraph? 
® Radio/TV/Radar/Microwaves? 
® Cable TV/Internet/Laser communications? 



Life Elsewhere 
® Communications- 

® Speed of light is the limit  

® Radio is now about 100 years out    
(demonstrated in 1894 at Oxford, 1906 first 
transmission played O Holy Night on 
Christmas Eve – was heard by ships at sea) 
 

® TV is now 80 light years out 
(1931 NYC, Olympics 1936) 

®   



Life Elsewhere 
® Communications- 

® SETI- The Search for Extraterrestrial 
Intelligence 
® Listens in the “Water Hole” 21cm line of 

neutral hydrogen and 18 cm line of OH = 
quite in the universe   
see the next 2 frames 

® First message see the frame after that 
® http://setiathome.ssl.berkeley.edu 



The origional 300 ft. Greenbank  Radio Telescope 
(Collapsed Nov 15th, 1988 on a calm, cool, windless night 
while it stood motionless.) 



Before 



After 
15 Nov.  1988 



The Green Bank (WV) 
Telescope 
Today 
100 X 110 meters 
 

Shape monitored by 
laser and panels can 
be tilted to correct 
shape. 

 

Inside the U.S. 
National Radio Quiet 
Zone 



Arecibo Observatory 
 

305 Meter Radio Telescope 



The Water Hole 



SETI 
® Proposed: Listen!  In 1955 
® Early work – Greenbank Observatory 
® 1963 – The “Big Ear” 
® NASA – Project Cyclops in 1971 (de-funded) 
 
® The ‘wow’ signal -1977: 
Never found again.  
In Sagittarius, roughly 2.5 
degrees below 5th mag.  
star Chi-1 Sagitarii  



Who Speaks for Earth? 
® Who's “White House Lawn” would they land on? 
® Abductees/Contactees?  Scientists?  

Governments? (which gov?)   UN? 
® Little or no agreement on this among scholars of 

the topic 
® SETI Declaration of principles forbids response 

until this question is resolved 
® But CSETI attempting to establish individual 

contact (Center for the Study of E.T.’s) 
® UFO abductees are (arguably) the only ones to 

speak for Earth at the present time 



The First Broadcast Message 

1974 
towards 
M-13 
25,000 ly 
away. 



HOLD ON!!  Are we SURE we 
WANT to be Contacted? 

 
®  Are you SURE that all advanced ETs are really “nice” 

and enlightened? 
®  What if all of those (bad) Sci-Fi movies were right!?!  
®  But on the other hand, isn’t it more likely that only a 

PEACEFUL Galactic Club could survive billions of 
years? 

®  Would you like to bet the fate of the entire human race 
that they were wrong? (oops, it’s too late anyway…) 

®  We must never forget just how ALIEN ETs are going to 
be! 



Modern SETI 
® University of California – Berkeley 
® Search for Extraterrestrial Radio Emissions 

from Nearby Developed Intelligent 
Populations (SERENDIP) 

® 1979 – multiple versions to present day 

 
® seti@home - 1999 - uses distributed 

networking to create the one of the most 
powerful computer on the planet… 



SETI@home 
® Over 6 million computers currently 
® 234 countries 
® Each PC works on a tiny bit of data looking 

for signals 
® Over 19 billion hours of computer time by 

start 2008 
® 769 TeraFLOPs = was 2nd fastest 

supercomputer on the planet 2008 (now 
many Pflop computers) 

® Allen Telescope Array under construction – 
dedicated to SETI 

 

You can help at:      setiathome.ssl.berkeley.edu  





The Allen Array  (artists conception) 
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Funding ran out April 2011 
Short term funding found August 2011 
Operation resumed Dec 5th, 2011 



Future SETI 
® Optical searches are planned next to 

capture high powered lasers that 
advanced civilizations may use for 
communication 

® METI (Messages to Extraterrestrial 
Intelligences)? 

® And others… (Search for SETI on the 
Web for a lot more on the topic.) 



Optical SETI – at Lick 
Observatory 



“Scientists from the University of California's Lick Observatory, the 
SETI Institute (Mountain View, California), UC Santa Cruz, and UC 
Berkeley are coupling the Lick Observatory's 40-inch Nickel 
Telescope with a new pulse-detection system capable of finding laser 
beacons from civilizations many light-years distant.”



"This is perhaps the most sensitive 
optical SETI search yet 
undertaken.”

"This is different.  We are 
looking for very brief but 

powerful pulses of laser 
light from other planetary 

systems, rather than the 
steady whine of a radio 

transmitter."

  “One great 
advantage of 
optical SETI is 
that there's no 
terrestrial 
interference.  It's 
an exciting new 
field.”

Frank Drake
On

Optical SETI



Unlike radio telescopes, optical SETI 
necessitates deliberate signaling by ET’s in the 
direction of our solar system.

“This new 
experiment is 
unique in 
exploiting three 
light detectors 
(photomultipliers
) to search for 
bright pulses that 
arrive in a short 
period of time 
(less than a 
billionth of a 
second).”



Shelley Wright, an undergraduate physics student at UC Santa Cruz.!
!
Astronomers expect the optical approach will produce a “clean 
experiment that can be run automatically, and for which the results 
will be far less ambiguous.”



So far, the experiment at Lick has examined around 300 individual 
star systems and a few star clusters. They intend to continue the 
search at least on a weekly basis.



The Voyager Record 

http://www.cedmagic.com/featured/voyager/voyager-record.html 
Also on Wikipedia 



Where they are now: 

® Voyager 1 = 106+AU away = most distant 
Earth made object and known solar system 
object. 

® >40,000 years before any probe is even close 
to another star 



Civilizations out there? 
® How many could be out there? 
® Nc=N* fp nlz fl fi Fs 

® Nc = number of communicating civilizations   
(1961 in red circa 2000 in white 2012 update in green) 

® N* = number of stars in the galaxy  (2x1011 same same) 
® fp = probability that a star has planets (.5 .01 to .5    .3) 
® nlz = number of planets in a life zone (2  .01 to 1    .005) 
® fl = probability life will originate (.01  .01 to 1 /  >0.13) 
® fi =  probability that life will become intelligent  

(.01   .01 to 1 /    .0000007) 
® Fs = fraction of of stars life that the civilization is 

communicative (doesn't die out or kill itself)   
(.01)   (10-8 to 10-4) (0.1)  
(for a communication window of 450 to 10,000 years) 





Civilizations out there? 
® How many could be out there? 
® Nc=N* fp nlz fl fi Fs 

® SO  Nc has ranged from  
® 10  (1961) 
® 2x10-5  to 10x106 (2000) 

Latest new number about 7  (Current)   
® But assuming 0 for very difficult estimates says 0 and 

assuming 1 for difficult estimates yields 10^7 civilizations. 



But the universe can be a hostile place! 



The End unless cloudy/rainy/snowy. 
® So we are going to keep looking for 

Earth-like life and non-Earth-like life (the 
best we can) 

To quote Ellie Arroway – Contact: 
“If it's just us, it seems like an awful waste 

of space.” 
 
Questions? 
 



UFO’s 
® Unidentified Flying Objects 

®  1947 Roswell = big event (?) 

® Travel Times – Warp speed? Worm holes? 
Our future?  Parallel universes (here but not). 

®   X-Files – conspiracy hunger 
® EFO’s = Experimental Flying Objects 



Roswell July 8th, 1947 



Roswell a few days later 
The weather 
balloon. 

Examiners claim that when enlarged, the 
text on the paper General Ramey is holding 
in his hand includes key phrases "the 
victims of the wreck" and "in/on the 'disc'" 
plus other phrases seemingly in the 
context of a crashed vehicle recovery. 

 



Project Mogul Crash pattern 
and Roswell 
® Wreckage  

consistent with  
launch number  
four was found  
75 miles NW of  
Roswell 
 
A. Roswell  
B. Alamogordo  
C. Area of  
wreckage  
D. Albuquerque 



Misunderstood Projects… 

Viking space probe test 
disk 

Viking Mars heat shield 
test 

Project High Dive 



UFO’s 



Where are they (the aliens)? 
Three (four) possibilities 

1.  There are no galactic civilizations now, we 
may be first 

2.  They exist, but don’t leave their home 
(SETI) 

3.  There is a galactic civilization, but it is 
deliberately avoiding us (the Prime 
Directive) 

4.  Um… or it is all an X-Files like conspiracy/
cover-up… 
®   Can people really keep a secret?   

 Or does discrediting really work that well? 



Getting between the Stars 
® Pioneer Spacecraft = first to escape the solar 

system.  Each light year = 10,000 years of 
travel time (Voyager 1 is faster and has 
passed Pioneer in distance out) 

® Starships 
®  Nuclear Rocket Propulsion 
®  Matter-Antimatter Engines 
®  Light Sails 
®  Interstellar Ramjets 
®  Worm holes, warp drives  

® The Bottom Line =  
TREMENDOUS ENERGY NEEDED! 



Nuclear Pulse Propulsion 
Up to 3% 
the speed 
of light 



Fusion Rockets: 
Can get to 10% the speed of 
light, but have to take their 
fuel with them. 

 

 

Unless…you get it along 
the way: 



An interstellar ram jet 
Scoop up the Hydrogen gas as you go! 



Matter/Antimatter Rocket 
10 grams of antimatter and matter = a trip to 
Mars in 1 month  - but you have to put all that 
energy and MORE into making the antimatter in 
the first place. 



Light Sail Light from stars (or massive lasers) 
can push you through the universe 

Max speed  
~25% the speed 
of light 



How to sail quickly from the sun… 



Worm holes… 
Max speed = FAR BEYOND 
the speed of light (nearly 
instantaneous). 



Worm Holes… 
But we need matter with 
negative energy to do it and 
a LOT of energy (present 
understanding) or special 
black hole configurations. 



Another View 



The view going through 
Our Universe 

The other 
universe or 
destination 
in ours 

The event 
      horizon 

By current understanding, though, once you see the 
other side, it snaps shut so you never get there and 
you can’t get back home.   



Signs of Life? 
If they are like us, we need to look for:  
Lower CO2 and High Oxygen in the 
atmosphere emitted or absorbed light spectra down = 

more of 
the 
element 



What will they look like? 
® What do aliens look like in movies? 
® Realistic? 
® What about our own sea creatures? 

®   

® Some astronomers/ astrobiologists don’t 
think we’ll recognize the first life we find 
right away  (awkward diplomatic issue!) 

 



We don’t think they’re here, 
but we’ll keep looking. 



Careers 
® Limited Entry – small number;  18,000 

astronomers and physicist jobs, but only 
about 1,700 astronomers.  

® Only 11% degree holders hold 
astronomy related job 

® Working conditions, University setting, 
mountain top sometimes, field work 
sometimes 



Getting a job    (updated Aug 2012) 

® Computer programming, high degree of math 
and physics skills, writing, public speaking 

® Average salary about $72,000 to $166,000 
® Starting salary $58,000   Median  $106,000 
® Number of jobs 20,600 growing 14% by 2020  

(gaining about 2,800) 
® Education: A doctoral degree is the usual educational 

requirement because most jobs are in basic research 
and development; a bachelor's or master's degree is 
sufficient for some jobs in applied research and 
development.  

     Because funding for research grows slowly, new Ph.D. 
graduates will face competition for basic research jobs.  

® US Dept of Labor  http://www.bls.gov/oco/ocos052.htm  



Unanswered Questions 
® How does Relativity and Quantum Mechanics 

work together? 
®  Quantum Gravity 
®  String Theory 
®  Black holes? 

® Does Relativity really apply to all scales/
energies in the universe? 

®  Is the Standard Model (Quantum Mech.) on the 
right track? 

® What is Gravity? Why is it so weak? Higgs 
Particle? 

® What is the equation that unites all forces? 



Unanswered Questions 
® What is the true nature of spacetime? 
® What is Dark Matter and Dark Energy? 
® What is the full structure of our universe 

(including parallel dimensions etc.)? 
® How many places in our solar system can 

have and may have life? 
® How many planets are in our galaxy? 

® How many have or may have life in them? 
® What drives changes in our Sun? 



Unanswered Questions 
® What are Gamma Ray Bursts? 
® When did the first stars turn on? 
® How does Dark Matter relate to the 

formation of the large scale structure of 
the universe? 

® Why are most stars on the Main 
Sequence (H-R Diagram)? 

® How did the universe really start? 
® What is the ultimate end of the universe? 
® and more… 



Applications? 
® Who are we? 
® Can we get out into the universe? 
® Energy sources? 
® Exploration and adventure. 
® Moving humanity away from our sun 

before it dies (in about 3-5 billion years). 
® Sharing ideas with totally alien life? 



the end…?  Well, not for at 
least a few 100 billion years… 


