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+ The Fermi Paradox
Where the hell is everyone? - -
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(Galaxies: Still'ginormous)



Older than dirt (literally!)

Dark Energy
Accelerated Expansion

Afterglow Light
Pattern Dark Ages Development of
400,000 yrs. Galaxies, Planets, etc.
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Fluctuations |

1st Stars
about 400 million yrs.

Big Bang Expansion

13.7 billion years



The Drake Equation

THE DrAKE EQuATION

NUMBER. OF

COMMUNICATING PROBARILITY THAT
CIVILIZATIONS LIFE ON A PLANET

IN QUR GALAXY BECOMES |NTELLIGENT
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NUMBER OF LIFE- AMOUNT OF BULLSHIT
SUPPORTING PLANETS YOU'RE WILLING
PER SOLAR SYSTEM TO BLY FROM
FRANK DRAKE




The Drake Equation 2: Drake Harder
N=R"X%Xf,xn.x fox fi xf.xL

N — number of advanced civilizations in our galaxy

%k

R — average rate of star formation 1n our galaxy
fp — fraction of stars that have planets

n_—average number of planets that can potentially

support life
f — traction that develop life

f. — fraction that develop intelligent life
f — fraction of technological civilizations

L — length of time such civilizations release
detectable signals into space.



The Drake Equation 3: The Drakening

e Original numbers gave a
value of 10

e Current estimates give
2.3 or lower

e ...these numbers don't
mean much

v




Planets

 We can now see that lots of sunlike stars have
planets

e Unfortunately, most of them are gas giants in very
close orbits

* But that's very likely to be sampling bias, because
those are the only ones we can detect

e Current conclusion: our solar system isn't
particularly noteworthy, though maybe not common



Life

* Current theory suggests single-cell life develops
about as soon as possible

e Multi-cellular life
might be much harder

* This 1s why Mars and
Europa are so
important




Intelligent Life




echnological Civilization




Duration:
The Great Filter




Figure 5: Qil producing countries past peak
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' We reject the

Asimov rules for

robots. We work
for the rulers,

not humanity.

e



Not all doom and gloom... maybe




What does this all mean?

 We're either very improbable ...
— It 1s up to us to give the universe meaning

... or technological civilization as we understand 1t

doesn't tend to last.
— At the moment, I'd say resource depletion
— 30 years ago, I'd have said nuclear war
— 30 years from now, who knows?

* Either way, rather daunting.



The End




