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You start with a
star

Ok, Frank,

How much will it cost?

and

Is there any chance of
success?

It has to have
planets




Technology
must emerge

Intelligence must evolve

along with the
desire to
communicate

The Drake Eguation

The number of broadcasting civilizations, N is: Conclude: N is plausibly > 1

N=R.f,nfifif L

and possibly > million
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Lorenzo de
Medici owned a
unicorn horn




What's in it for the
unicorn?

The Drake Eguation

The number of broadcasting civilizations, N is:

N=R,f,n /1] L

N=R.fon fifif. L

Conclusions:

- Communicating civilizations
are plausible

* N is large only if L is large

- Even if L is large N may not
be large

What's in it for ET to send
signals that a primitive
civilization like us might

detect?

What are the habits of
these unicorns?

N=R.fyn fififo L

R, 1s known.: 1—10 stars/year
n, 1s almost certainly < 1
all /s are <1, so

N=L

L could be 10° years

"All of these newly
discovered planets make ET
life more likely”




For example:

« If R, is really
R

solar-type star 5Gyr old closer than 1 kpc
then R, ~ 10 stars/year

There is no significant chance for *Unless civilizations which have a
success unless L is very large --- cosmic /;mh‘ onl are very rare
millions or billions of year as a (P << 107), they are the ones we are
) e most likely to contact.
technological civilization
* We are most likely to contact the

At a 100 years we are probably most “luminous” civilizations.
the youngest TC in the Galaxy

* "They” know we're here only if there
are 10's of millions of civilizations.




They will conserve energy,
i.e., the 1st law of
thermodynamics

They will obey the 2" law of
thermodynamics, i.e., they
must deal with their waste
energy

They will worry about o They know we're here
» Closer than 100 light years
» 10’ of millions of civilizations

o They know an earthlike planet is
here

» May need to broadcast for 109
years

Energy input or

é Total Wattage Intercepted:
‘ Terrestrial or TWIT

1 TWIT =2 x 10!7 watts

o Significant fraction of Earth’s
entire enerqy budget

o We cannot have a significantly
larger energy use without frying
the Earth

The 20 law of thermodynamics
requires that energy use at the very
least produces waste heat.

Total energy use on Earth~4 x 103 w
~ 0.2 milli-twit




Ice ages: -7C ~ 10 milli-twit

CO, Greenhouse: 3C ~ 4 milli-twit

What would such a
civilization look like?

* IR excess perhaps 10 L,

*Will use hydrocarbon polymers
» low temperature environment

* planar distribution

1 u‘ 10

This 1s

Vega
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They could afford to send
interstellar beacons.

But since kinetic energy of a
space colony moving at 0.0Ic
is a few twit-days

They could also afford slow
interstellar travel with a few
centuries transit time

Such travel would be colonizing

» few centuries transit

* few centuries to grow the
population from 10* to trillion at
6%/yr

* send out colonies to the next star
in perhaps a 1000 years

Here/

Where are
they?

This probably doesn't
sound very inviting to
most of you.

It only takes a few 10's of
millions of years to colonize
every suitable site in the Galaxy

This is less 1% the age of the
Galaxy or about a day on the
cosmic calender.
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