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Conclusions re: water on Mars
1. Mars habitable 2-3 billion years ago because greater atmospheric pressure retained liquid surface H2O
2. Water molecules dissociated by solar UV  Hydrogen escaped into space and Oxygen reacted with rocks/minerals
3. There exist small amounts of liquid water at rock/ice interface on surface.  Earth has microbes that live in thin films of H2O
4. Pockets of underground liquid water (???), warmed by volcanic heat would be habitable
Conclusions re: Atmosphere
1. Mars had denser atmosphere in past but CO2 was blasted away by large meteor impacts and
2. Loss of global magnetic field allowed solar wind to strip atmosphere of CO2… and some water
3. Today, CO2 exists in polar caps, rocks, thin atmosphere (95% CO2)

The Search for Life
· Two Viking Landers (1976) examined soil samples looking for microbial life

Viking Lander Experiments
1. Labeled Release Experiment (LRE): Mixed Martian soil with organic Earth nutrients (nutrients tagged with radioactive 14C and 35S).  Metabolism/respiration of microbes should contain these radioactive gases.  Radioactive gases detected.  Repeated after soil heated to 50 degrees Celsius  reduced radioactivity, soil heated to 160 degrees Celsius  no radioactivity.  Consistent with presence of life.
2. Mass Spectrometer (measures mass of molecules): Soil heated to 500 degrees Celsius to kill “microbes”.  Released gases passed through mass spectrometer  lack of organic molecules in Martian soil.  LRE probably only a chemical process

Methane on Mars
· On Earth, methane (CH4) produced by anaerobic respiration of microbes living in landfills, termite guts, ruminants: CO2 +4H2  CH4 + 2H2O
· On Mars, methane was (maybe) detected in atmosphere.  Exciting… because methane oxidizes over a few centuries:
CH4 +2O2  CO2 +2H2O …it must be renewed.
· There may be active sources of methane on Mars:
1. Comets are rare events
2. Volcanoes are low frequency today
Moons in our Solar System
Sources of Heat
· Sources of heat for a moon: Primary star, molten interior, radioactive decay, tidal heating 
Tidal Heating of a Moon
1. There is a strong gravitational pull from parent planet = Fg
2. Tidal force = difference between Fg near and far sides of moon
3. If moon has slightly elliptical orbit  magnitude and direction of tidal force keep changing
4. Moon is constantly flexed  warmth! (e.g., rubber band, silly putty)

Recall: Sources of Water
1. Volcanic H2O vapor 
2. Impact meteorites/asteroids
3. Comets = frozen dirty water, come from outer solar system.  Comets have a high Deuterium/Hydrogen (D/H_ ratio compared to Earth’s oceans

What About Other Solvents???
	Substance
	Freezing Temp (Cel) 
	Liquid Temp (degrees C)
	Boiling Temp (Cel)

	Water (H2O)
	0
	0-100
	100

	Ammonia (NH3)
	-78
	-33
	45

	Methane (CH4)
	-182
	-164
	18



 Titan
· One of the ~60 moons of Saturn
· Atmosphere: 90% N2, 1.4% CH4 (methane), Ar, C2H6 (ethane), other hydrocarbons (which contain only Hand C)
· Atmosphere is 200km high and denser than Earth’s  Protects surface against solar radiation
Cassini-Huygens Mission, 2005
· Spacecraft sent to Saturn system; Cassini performed flybys of some moons
· 2005: Huygens probe dropped to Titan
· Aerial views  hills and forking channels carved by liquid methane and ethane???
· Smoggy, chemically active atmosphere produced by outgassing (???) from Titan’s interior
Compare
Earth Water, rock, lava, soil, sand/snow dunes
Titan Methane/ethane, ice, slushy mix of water ice/ammonia, hydrocarbon particles on surface/in rain/in atmosphere=smog, dunes of hydrocarbons

· UV light from Sun dissociates methane in upper atmosphere  an organic smog of complex hydrocarbons (contain H and C only) such as C2H2 = acetylene, C2H6 = ethane and tholins = large complex N-rich organic molecules
· NOTE: continued presence of atmospheric methane  a surface source of methane renewal
· Probably evaporation from methane lakes… OR methanogens = microorganisms that produce methane
· Metabolism: biochemical processes in life forms
· Earth animal metabolism:
· Glucose + Oxygen  Carbon dioxide + Water
· C6H12O6 +6O2  6CO2 +6H2O
· Earth methanogen metabolism:
· Carbon dioxide + Hydrogen  Methane + Water
· CO2 + 4H2  CH4 + 2H2O

Titan Life Chemistry
· Might Titanians use H2 as Earthlings use O2? Methanogenic life on Titan is plausible using acetylene or ethane as energy source for metabolism:
· Acetylene + Hydrogen  Methane
· C2H2 +3H2  2CH4
· Ethane + Hydrogen  Methane
· Photochemical (non-life) models predict that Titan would have a surface layer of many meters of ethane.  Therefore, if there was a surface depletion of ethane, and acetylene, then there strong support for uptake by surface methanogens

 Cassini-Huygens Mission, 2010
· June 2010: Cassini mission did not find thick layer of ethane predicted by photochemical models
· Found less acetylene, ethane, hydrogen than expected; a biogenic cause for depletion???
· Huygens probe was not equipped to detect life forms

 Suitable Conditions for Life on Titan???
1. Surface is cold (-180 degrees)  slow metabolism for life forms; could use catalysts to speed up biochemical reactions
2. Many organic molecules in Titan’s atmosphere
3. Energy to melt subsurface ice comes from tidal friction? Or radioactivity? Maybe there is a warmer subsurface allowing water/ammonia slush which melts at -95 degrees Celsius 
4. Icy volcanism observed = cryovolcanism  eruption of water, ammonia, methane instead of magma (molten rock)
5. Liquid water better than methane and ethane for dissolving compounds and enabling a chemistry of life
Titan would have an alien chemistry of life
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Europa
· Earth’s oxygen is produced by life
· Europa’s oxygen is produced when charged particles hit icy surface; vaporize ice
· Water vapor splits into oxygen and hydrogen; lightweight hydrogen escapes to space
· Oxygen remains in atmosphere
Suitable conditions for life on Europa
· subsurface (SS) ocean is indicated by 
· lack of impact craters  young (renewed) surface from oozing SS slush below?
· Surface broken into huge moving ice-blocks  churned by slushy water below?
· There exists salts on the surface
· A salty ocean would conduct currents and produce a magnetic field
· Magnetic field observed by Galileo spacecraft
· Energy to melt ice comes from tidal heating
· Icy surface crust is 20-25km thick
· Subsurface ocean is ~100km deep
Energy to Support Life?
1. Hypothesis: from chemical reactions near deep-ocean vents?
2. From potassium (K) decay?  K is in rocks on ocean floor of Earth
· 40K40Ca + e- + v(antineutrino) + energy
· 40 particles in potassium, radioactive and unstable so it decays into calcium, electron, antineutrino (particle of antimatter) and energy
3. High energy particles and UV light hit surface ice
· Oxygen (into atmosphere)
· Hydrogen (escapes into space)
· H2O2 (hydrogen peroxide remains, and small amounts of other molecules)
· Could filter into subsurface ocean and could provide energy for ocean life forms
4. Not much energy available to support 
· Macro-Life
· Maybe microbes
· We need to send a lander to 
1. Determine if subsurface ocean exists
2. Search for surface organic molecules, amino acids, microbes


Unit 5: Life in Our Galaxy
Birth of Stars
Starbirth Scenario
· Consider a giant, interstellar, cold, molecular H2 cloud
· ~Tens of light-years across
· Contains (104-106) masso
· Gravitational force is proportional to mass
· Random particle fluctuations in the cloud act as gravitational foci to attract more material
· Contracting condensates in cloud dissipate their gravitational energy as heat (infrared radiation)…until
· Core (=central 10%-15%) reaches 10 million K
· Hydrogen-based nuclear reactions begin in core
· A STAR IS BORN


· A Main Sequence Star has Hydrogen based nuclear reactions in the core
· 4HHe + energy
· The entire birth process for an average star takes a million to a billion years
· The process is faster for a massive star…~a hundred thousand years
· Hydrogen fusion nuclear reactions in the core Helium builds up in core
· A star spends its life in a delicate balance between outward radiation pressure and inward gravitational pull
· ~90% - 95% of stars are Main Sequence, including our Sun

End of Star Formation
· Stars form in vast interstellar H and He clouds
· As the universe ages, hydrogen is transformed into heavier elements inside the stars
· Hydrogen component of the universe is always decreasing
· Abundances of heavier elements are increasing
· Eventually new stars will cease to form and the stelliferous (star bearing) era will end

Planetary Formation
· Core Accretion Theory:
1. Protostellar cloud contracts
· Star and disk of gas
2. Some atoms in disk bond = condensation  “seeds”
3. “seeds” gently collide and stick together via forces: electrostatic and/or gravity = accretion
4. process continues until there is a planetary mass
5. Summary: Contraction, Condensation, Accretion, Planetesimal (diameter ~ 1km), Planet.

Extrasolar Planets
· Pulsar = neutron star remnant of a supernova
· 1992: first two exoplanets discovered in orbit around a pulsar! (PSR B1257+12)
· 1995: 51 Pegasi b = first exoplanet in orbit around a main sequence star.  Discovered via radial velocity method.  It is a “hot Jupiter” gas giant.  Not like Earth

Detection of Extrasolar Planets
· If a star is shifting alternately toward and then away  gravitational pull of an unseen planet

Detection of Extrasolar Planets
1. Radial Velocity Method
· Radial velocity – The speed of a star moving toward or away from you.
· 
·  = Speed of light = 3 x 108 m/s
·  = Difference between lab and spectrum wavelengths
·  = Wavelength on lab spectrum
· In a hydrogen spectrum, lines are named alpha, beta, gamma, delta.
· Information is used to calculate mass of body influencing motion of star.
· Mass of body is used to determine whether or not it is a planet.
2. Transit Method
· Planet passes in front of star;
· We observe changes in star’s brightness.
· Confirmation requires three periodic light dips.
· Light diminishment is hard to detect in very bright stars.
· Red Dwarf stars are good search candidates.
· Small, cool, dim – big diminishment of light as planet passes in front.
Red Dwarf Stars
· Are main sequence stars:
· In core: 4H  He + Energy
· Small and low mass (0.1 to 0.5 Mo)
· Old: May live to ~100 billion years before running out of fuel.
· Slow core processes and small size means weak pressure driving nuclear reactions.
· Note: Age is just projection, since universe is only ~14 billion years old.
· Cool: 2000 K to 3000 K on surface.
· Most abundant type of star.
· Habitable zone would be 1/50th AU.
· AU = Astronomical Unit = Distance between Earth and Sol.
Reasons to Use Red Dwarfs
· Most abundant type of star  more search targets.
· Dimmer than large stars  easier to detect reflected light from nearby planets.
· If there exists () a nearby exoplanet  many transits over a short time.
· Don’t have to wait through generations of astronomers to observe transits.
· Could study exoplanet atmosphere as it transits star.

Transit Spectroscopy
· Parent star’s light passes through exoplanet’s atmosphere.
· When planet is not transiting, spectrum of the star’s atmosphere can be observed.
· When planet is transiting in front, star’s light filters through planet’s atmosphere.
· By subtracting star’s spectrum, planet’s spectrum can be obtained.
Detection of Extrasolar Planets
3. Direct Imaging
· Host star and exoplanet are spatially resolved (separated enough that you can see the planet directly).
· Extremely difficult to do because of glare of parent star.
· Rare: We have actual images of only a few exoplanets.

EXOatmosphere
· Glare of host star usually overwhelms exoplanet’s reflected light
· A few exoplanets can be isolated  easier clean spectrum
· Can search for chemical byproducts of life: O2, CO2, O3, CH4, etc.
· For more exoplanets, we can detect or calculate: mass, diameter, surface temperature, rocky or gaseous, atmospheric composition (very difficult), period, orbital distance

 Kepler Space Telescope
1. Launched 2009 into heliocentric orbit, kept a fix on 170 000 stars simultaneously, sought Earth-like planets in Goldilocks zone
 James Webb Telescope
2. To be launched in 2018, infrared optimized  can see through dusty clouds in space to observe star/planet formation.  Able to detect on exoplanets: oxygen, ozone, water and CO2
· Today: > 850 confirmed exoplanets  planets are plentiful
· BUT most discoveries are “hot Jupiters” = an exoplanet similar to Jupiter with high surface temperatures because it orbits close (0.015 to 0.5 AU) to parent star
· Our Jupiter is 5.2 AU from Sun

 Densities
· Density = mass/volume
· Volume = (4/3piR3)
· DensityEarth = ~5500 kg/m3 (rocky world)
· Densitywater = 1000 kg/m3
· DensitySaturn = 686 kg/m3 (gaseous world)
· If placed in a huge bathtub, Saturn would float
· If density of exoplanet is ~5000 kg/m3  rocky world, can have some water
· ~1800 to a few thousand kg/m3  mostly water and some rock
· <~1000 kg/m3 is probably a gaseous world

 Habitable Zone
· HZ = orbital distance from a star where a planet is at the right temperature to have liquid water on surface BUT may have insufficient mass to retain it (e.g. our own Moon)
 Galactic Habitable Zone (GHZ)
· Can life exist anywhere in our Milky Way Galaxy?
· Some regions may be too dangerous or lacking resources
· Metals = all elements besides H and He
· Metals are produced by supernovae, but,  supernovae’s are rarer in outer regions of milky way  metal-poor region and lacking elements necessary for life
 GHZ of milky way galaxy
· Inner regions contain more material (denser)
1. More radiation…hazardous to life
2. More frequent stellar interactions…disrupt planetary orbits
· GHZ = the sade, in-between annulus in the MW
· GHZ = annular region of MW where conditions support the origin and survival of life
· GHZ = 23000 to 29000 light years from the center of MW
· Extending the GHZ:
1. Even a low heavy-element abundance might produce a planet with sufficient resources for life
2. Is radiation always fatal?  Planet’s atmosphere may offer protection.  Earth’s atmosphere protects us.  Recall the space-faring Tardigrades… exposed to UV but unfazed
3. Radiation might be beneficial. Would cause mutations and possibly speed up evolution
4. Jupiter-sized exoplanets could gravitationally attract comets/asteroids which endanger/impact smaller planets in same stellar system.  Our Jupiter protects us.  Exo-Jupiters are quite common in MW.

 Is Earth Unique?
· Are we the first (and only) advanced civilization?
· Mocrobes may be common; technological civilizations may be rare
· Rare Earth Hypothesis: accidental and random events permitted microbes to exist on Earth and in MW BUT complex life exists only on Earth
1. Only Earth (?) can support micro and macroscopic life forms
2. Temperatures are right for life as we know it
3. Abundant supply of water
4. Environmentfood, shelter, clothing, minerals
5. Rich in oxygen; poor in poisonous gases (He, CH4)
6. Atmosphere protects us from radiation and blankets us from extremes of temperature

Alien Civilizations?
· Genome = complete hereditary info encoded in DNA or RNA.
· Chimp and human genomes are more than 98% identical.
· Chimps are our nearest relatives.
· Small % difference in DNA  huge difference in intellect, cultural and technological achievements.
Alien Intelligence
· Consider an alien with only >1% “DNA” difference.
· Is conversation possible?
· Is alien culture and technology comprehensible?
· Would they even notice us?
· Will they have our human trait, curiosity?
· Benevolent? 
· Aggressive?
· Chimps and humans have undergone contemporaneous evolution.
· Intelligence is not inevitable.
· Our universe is only ~14 billion years old.
· Human species is only 200,000 years old.
· First stars were mostly H and He.
· Metals (astronomy definition) formed in stars and ejected via Supernovae.
· Recent stars and planets are now metal-enriched.
· It took 4 billion years for intelligent Earth life.
· Maybe:
· Intelligence is accidental.
· Intelligence is rare.
· We are the first in the Milky Way (MW) galaxy.
The “Water Hole”
· “Where shall we meet our neighbors? At the water hole, where species have always gathered.”
- Dr. Bernard Olivier
· On Earth, certain radio wavelengths are forbidden for use.
· Reserved for alien communication.
· We seek an alien signal in the quiet region of the radio band.
· Between 1420 MHz (21 cm line from H) and 1662 MHz (hydroxyl line from OH).
· No natural objects emit in this range of frequencies.
· Look in this range of radio frequencies for ET communications.
Hydroxyl Radical (OH)
· UV radiation photo-dissociates H2O  OH is a by-product.
· OH emits a radio signal with:
· Wavelength () = 18 cm
· Frequency () = 1662 MHz = 1.662 GHz
Hydrogen (21 cm line)
· Cold neutral hydrogen clouds in space emit a signal with:
· Wavelength () = 21 cm (radio region)
· Frequency () = 1420 MHz = 1.43 GHz
· ET may recognize these characteristics and transit signal close to this.
Spin-Flip of Hydrogen
· Cold neutral hydrogen clouds in space emit a signal (21 cm, 1420 MHz).
· Neutral = no excess electric charge.
· Quantum mechanics dictates that electron may spontaneously flip the direction of orbit.
· Results in higher energy state.
· When electron eventually flips back to normal, excess energy generates this radio signal.
· We hope that techie-aliens would notice the water hole frequencies and communicate at a radio frequency between 1.42 GHz and 1.662 GHz.
· Radio communication is cheaper than travel.
· Travel is very unlikely.
The WOW! Signal
· Discovered by Jerry Ehman.
· Strongest signal ever received in water hole region of frequencies.
· 30 times the background noise at strongest point.
· Recorded on 15 August 1977 at Ohio State University.
· Large radio peak from space: 
· 6 E Q U J 5
· What the printout showed.
· Strength scale starts from 1 ends at Z.
· Q U, middle/peak of signal, very strong.
· Far exceeded natural background noise.
· Lasted 72 seconds.
· Near to the 21 cm line of hydrogen.
· Arose from near the star, Tau Sagitarii.
· 120 light years from Earth.
· Never repeated again.
Drake Equation  N
· Tells us how many intelligent and communicating civilizations are in the MW galaxy.

 The WOW! Signal
· 15 August 1977, Ohio State University: large radio peak from space, 6 E Q U J 5 far exceeded natural background noise lasted 72 seconds arose from near the star, Tau Sagitarii 120 light years from Earth never repeated

 Kardashev Scale of Civilizations
· Depends on the energy available for use
· Type 1: Controls all of the energy resources of a planet: seismic, volcanic, and wind sources.  These creatures must co-operate fully; have overcome divisive cultural differences.
· Type 2: Uses the energy resources of its entire stellar system.  Can utilize: forces and masses of all planets in the system and the entire energy output of its primary star.  The Star Trek Federation of Planets is a Type 2 civilization.
· Type 3: Controls the power of the entire galaxy… the power of billions of star systems.  Can probably manipulate space-time at will; survive/prevent end of the Universe.  Star Wars is a Type 3 civilization.  The Q-Continuum is Star Trek exceeds a Type 3 civilization.

 Recent Additions
· Type 4: Extra-dimensional beings who can use Dark Energy as a power source.  The Q-Continuum are immortal/invulnerable.
· Type 5: Control over entire Universe.
· Type 6: Control over the Multiverse; can alter laws of physics.
· Type 7: Can create universes and extract their energy.
· Earthlings cannot even harness global forces.
· Earthlings obtain energy from burning dead planets/animals: oil, gas, and coal.
· Earth is a Type 0 civilization!  Some optimists say 0.7.  We are exploring solar, wind, and geothermal energy sources.

 Dyson Spheres/Swarm
· This is a hollow sphere or swarm built around the primary star by an advanced civilization (Type 2)
· Shell material comes from disassembled planets and inter-planetary debris
· Shell confines and collects all of the star’s radiated energy for use by the civilization

 Disadvantages of Living on a Planet
· Strong gravitational force limits physical size and brain size
· Muscles required for movement and protective armor required for the brain
· The planet intercepts only a tiny portion of all the light energy emitted by its star
· There are limits on planetary area and food supplies
· Shortage of food and habitats  struggles among countries, cultures, tribes, and/or species

 Cloudlife in Space
· Proposed by noted astronomer, Sir Fred Hoyle, in his novel, THE BLACK CLOUD, 1957, Penguin Books
· Low temperatures in an interstellar cloud may permit formation of complex molecules…and structures built out of molecules
 Cloudlife
· Inside the cool, high-density cloud, these molecules may adhere to solid surfaces such as ice grains
· An intelligent cloud can use internal magnetic fields to link these molecules and move the manufactured structures to desired locations inside the cloud
· Source of energy for cloud’s life processes: stars
· Entire cloud is one large neurological entity…a brain!
· Internal info carried by radio waves
· Cloud can arrange molecules into appropriate neurological structures and build additions to its brain
· Cloud rejects external radio waves and cosmic rays by creation of a surface ionization layer (solar x-rays and UV ionize O2)
· Segments of the cloud linked by radio signals that travel at light speed
· But, cloud is extremely large and these EM signals take minutes to travel from end-to-end of the cloud
· The cloud, being a huge brain, is a deep thinker but also a slow thinker!

 Cloud Reproduction
· Cloud lives indefinitely…not necessary to replace itself
· However, 
1. Clouds watch for suitable non-sentient clouds
2. ‘Parent’ cloud builds a simple brain…and…
3. Implants neurological structure into ‘infant’
4. ‘Infant’ develops independently of ‘parent’

 Neutron Star Life/Strong Force Life
· Proposed by the noted SETI astronomer, Frank Drake.
· Basic time unit:
· For humans: 1 second
· For nucleons: 10-21 second
· T=d/v (average ‘height’/average velocity)
· Consider the hot surface of a Neutron ‘Star’:
· Energetic nucleons collide and form massive nuclei
· These massive nuclei contain ~10000 particles bound by the strong nuclear force
· These nuclei decay after ~10-15 second
· But, this equals a million nucleon time units (10-15/10-21 = 106)

 Neutron Star Creature
· Consists of ~10000’s of nucleons
· Diameter is 10-9 – 10-11 meters
· Lives for 10-15 s to ~15 minutes
· Is theoretically capable of storing genetic information just as our DNA in cells do
· Uses short wavelengths for communication (e.g. gamma rays or x-rays)
· Entire civilizations rise and fall during our coffee break

Self-Replicating Space Probes
· Interstellar travel by organic life forms (finite lives) is probably impossible.
· Pioneer 10 probe took ~two years to reach Jupiter.
· If pointed toward Alpha Centauri (4.4 light years away), trip would last 115,000 years.
· Will be near Aldebaran (65 ly away) in 2 x 106 (two million) years.
· Impractical to colonize other planets because of this.
· We cannot travel at or near the speed of light ().
· We need a low- option.
Von Neumann Machines
· Do alien civilizations end robots into space?
· A low-c option is robots or nanobots programmed to:
· Transmit new data to home world.
· Acquire materials from asteroids, moons, etc. to build simple factories and create more robots.
· New robots continue to travel and replicate themselves.
· Process repeats until they reach another world/star.
· These are self-replicating machines: Von Neumann machines.
Life Simulants?
· Von Neumann Machines
· Consume resources.
· Produce waste.
· Reproduce.
· Colonize.
· Evolve via small reproduction errors.
· Overwhelm organics???
· Become dominant life form in Milky Way (MW) Galaxy?
Where are the Machines?
· Once launched by a civilization, the Von Neumann machines could quickly replicate and investigate our galaxy.
· Calculations show MW exploration complete in a few million years.
· Even at slow reproduction rates, exponential reproduction is very rapid.
· We would probably have encountered such machines by now if they existed.
· If such civilizations exist, even only one:
· Where are the space robots?
· Are aliens simply not curious?
· Are we truly alone in the universe?
SETI
· Radio waves:
· Part of the electromagnetic (EM) spectrum.
· Travel at speed of light ().
· Wavelengths () are longer than visible wavelengths.
· Aliens with our level of technology could send interstellar radio messages (if they exist).
Types of Alien Signals
· Local applications on their home planet (like our radio, TV, radar).
· Earth broadcasting TV since 1950s, but signals weaken with distance.
· Home planet to off-planet colony or to alien spaceships.
· Like our signals to International Space Station (ISS) and to planetary probes.
· Intentional, to attract interest of other societies.
· Would be designed for easy decoding.
· Many researchers concerned about broadcasting presence, because aliens may be hostile or a threat to humans.
First SETI
· Recall: Spin flip of H in neutral Hydrogen clouds.
· Electron normally spins opposite direction to proton.
· Some event, such as supernovae, may excite molecule to higher energy state and cause electron to spin in same direction as proton.
· Energy released when electron returns to natural state is detectable.
·  = 21 cm
· f = 1420 MHz
· 1960: Frank Drake
· Searched for ~1420 MHz radio signals from sun-like stars.
· Searched Epsilon Eridani and Tau Ceti.
· No signal found.
· Was the first to decide searching at this wavelength because aliens would probably also recognize it as a special frequency.
· We search for signals that are:
· Narrow-band  artificial.
· Maybe flashing on/off.
· Switching between two frequencies.
· Repeating.
· Recall: WOW! Signal never repeated.
· If very few societies transmit  detection is unlikely.
· Everyone might be listening instead of transmitting.
 Deliberate Transmissions from Earth
· We very rarely send a message; we are listeners
· 1973 and 1974: We sent plaques on Pioneer 10 and 11
· 1974: used Arecibo radio ‘scope to transmit message to Globular Cluster M13
· M13 is several hundred thousand stars at 25 000 light years away
· BIT = unit of info expressed as 0 or 1 in binary code.  Arecibo message used 1679 bits
· 1679 = 23 x 73 (prime numbers) arranged in a matrix of 73 rows and 23 columns
· 1977: sent Golden records on space probes, Voyager 1 and 2
· Contain sounds and images
· Diversity of Earth life
· Sagan: Like a bottle in the ocean. Voyager 1 will be 1.6 light years from star Gliese 445 in 40 000 years
· 2012: Arecibo radio telescope beamed a package of more than 10 000 tweets from the public toward the WOW! Signal location
· Stephen Colbert: “We are NOT delicious…”
 Humanity’s Message via Voyager
· English greeting from Secretary general of UN Spoken greetings in 55 languages
· 116 images
 Radio SETI Today
1. Large radio telescopes required
2. Amplifiers to “boost” incoming signals
3. Targeted search: focuses on definite region or on a particular star
4. Sky survey: sweeps across the sky
 Problems With Radio SETI
1. SETI ‘piggybacks’ on others’ research projects; Thus, others choose where ‘scope points.  Solution: 
· Allen telescope Array (being built)
· 350 six meter radio ‘scopes
· ~100 meter virtual ‘scope dedicated to SETI
2. Earth’s radio, radar, satellites produce narrow-band signals which interfere with SETI searches.  Solution:
· We need to set up on far side of the moon away from noisy Earth
 Optical SETI Today
· We are now looking for short, bright light pulses
· If a pattern is detected  maybe a message??? BUT
· Aliens might employ communication technologies that we cannot detect or disguise their signals
 Should We Interact?
· Too late now… our radio energy output extends to 70 light years
· If aliens are hostile they can destroy us (via robots or radio); come here to conquer Earth.  Hopefully they are not like us!
· Ronald Reagan: “…how quickly our differences would vanish if we were facing an alien threat from outside this world”.
· BUT high-tech alien societies
1. Would have solved labor and resource problems
2. Can find huge quantities of natural resources in space
3. War and aggression are probably passé for them
· Meeting them would end our way of life; challenge our values/beliefs
· Would we become their ‘chimps’?
 Interstellar Travel
· Ben Franklin: “Do not squander time for that is the stuff life is made of”
· Huge distances  long travel time
· Time to alpha Centauri system (4.3 light years away)
· Solar sails  1000 years
· Nuclear propulsion  100 years
· [bookmark: _GoBack]Hazards: radiation, loss of muscle tone, micrometeoroids





