Welcome to Class 15; = = =
Drake Equation, SETI & Fermi Paradox«s==
; P S
o 3

Is it crazy to search

Opinion Question: Has this class changed
your view on life elsewhere?

1. |am astronger believer in 3
extraterrestrial life.

2. |am still a strong believer in
extraterrestrial life.

3. |did believe, but now | am not so
certain there is life elsewhere.

4. | never believed and still don’t
believe in ET life.

5. |didn’t believe, but | think | do
believe in ET life now.

0% 0% 0% 0% 0%

| Remember to set your channel to 80! | r& = @ @ <\
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What would you like to spend most of our
last class on?

33% 33%

1. Early SETI, Modern search

methods, listen vs transmitting.
2. 2 Methods used by SETI and two

problems. How these problems

are being addressed.
3. 2 statements of Fermi’s Paradox,

and the three categories of

solutions.

N, : How many habitable planets are in
the Milky Way presently? (recall, there
are a few 100 billion stars in the M.W.)

3
1. 200 billion
2. 1 billion
3. 1 million
4. 1,000
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| Remember to set your channel to 80!

S ’

Who is this man?

He designed an equation to estimate:

Number of Civilizations in
the Milky Way capable of
interstellar communication
NOW.

Your book has simplified the Drake Equation to:

# =:]V;\px Iifex civx now

Nip = Number of habitable planets in the Milky Way. Frank Drake also designed the
Fire = Fraction of those planets which will develop life. first contact message sent to
Fav = Fracti.on of those which dev.elop.c.i\./ilizec.i life. nearby stars. He was director
Frow= Fraction of those planets with Civilized life NOW. of Arecibo Radio Telescope,

and sent the message from

Let’s consider some possible values for o

the Drake Equation..

Fiire : What fraction of those planets
develop life (of any kind)?

3
1. All (2)
2. 1/10th
3. 1/100th
4. 1/million
5. None
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F..,: What fraction of life-bearing planets
developed civilizations capable of
communication at SOME time?

3
1. All (1)
2. 1/10th
3. 1/100th
4. 1/million
5. None
0% 0% 0% 0% 0%

F.,: What fraction of those life-bearing
planets capable of communication exist
NOW?

3
1. All (1)
2. 1/10th
3. 1/100th
4. 1/million
5. None

What does this lead to?

Multiply together the classes four most popular
input values:

j\[hpx IifeX civX now

Total number of intelligent civilizations from
whom we could potentially get a signal now.

Early claims to communicate with E.T.|

Early pioneers of electricity, Marconi and
Tesla, also introduced ‘radio’ (electro
magnetic radiation) communication. They
both thought they where hearing E.T.I.

Unfortunately, the radio wavelengths
they were working at (AM radio, kHz)
cannot pass through (from outside or
inside) Earth’s ionosphere.

PRS : Why do we listen rather than send
out a signal?

Stay hidden from E.T.
Faster

Easier

Cheaper

All of the above
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Are wé missihg Eignals from E.T.I.?

. We don’t know which direction ir\w\PrTé?ky they are.

. We assume they’d use ‘light’, but we don’t know what ki#
electromagnetic.radiation they are using.

. We don’t know how sgrong those signals are, g
they are coming from. . -
Ed
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. Is the signal continucus, ok does it stop andjst
every minute?

. Do we need to go back and re-observe all

.




What DIRECTION

What FREQUENCY should we be listening?
should we be

Where the universe is most quiet!

1000

dnmdly HD 154345 1 1
But WHERE.. There is an infinite number LR o * . IIStenlng?
0 of ‘stations’: ® )
E L 10 kHz bandwidth from 200 kHz bandwidth from 85 Cancri il  Coronae Borealls E iu AT HOW abOUt Sta rtlng
2 St oo P o8 . o with nearby sun-like
Q HH 2 | ‘ ‘ | ‘ ‘ ‘ stars with exo-planets?
g i AM \ M —
& - = <[ 2z All the stars listed here
2 & S, REE et % il have exoplanets and are
ecnons | E 58 [ 8|2 L N _ Sl within 60 light years of
o oe T R e e T Earth. This would be a
=~ LJse' TARGETED search
A civilized life would have astronomers who have built radio telescopes to observe -
H (hydrogen) and OH (hydroxyl) in the Galaxy. O ot A A SURVEY search would
o 0307

Even in this range, there exists an infinite number of FREQUENCIES to listen, 5 L sweep the sky=nEEii

depending on how broad a band (the ‘bandwidth’) you will consider to ‘listen’. “ Rel e ®
There is also the amount of TIME you listen, and which DIRECTION you listen.
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Challenges facing SETI scientists

wﬁf The Search for w  PressFi forinf
SETI scientists design unique radio receivers to work Extraterrestrlal.inteliigence; at:HOME hi .
with radio telescope from 1000- 30,000 MHz. pr e
Doing curve-fitting 3 min 11 sec Dec
Doppler drift 1

Problem 1: SETI gets little time to do targeted searches. Most of
their time is looking where the telescopes happen to be looking
(piggy backing other astronomy programs for ‘free’).

Problem 2: NOISE Man-made, terrestrial C 07 e CPUime: 0 hr 01 min
noise is getting louder

H, OH lines i and covering a greater

fall HERE! E amount of the

frequency range.

:z 3 Mobile Phones
s g have wiped out
>3 s 2 the special H, OH
The Allen Telescope Array - 15 3 quiet zone!

The FIRST, high-powered, DEDICATED, SETI-search radio = %

Little can be done. LI . Efae ! .
telescopes. (Funded in part by Paul Allen, Microsoft co- S ey e e This is what a signal would look like above.
founder). This allows for deeper, significant, TARGETED

This 4 - move to the far side However, this one is due to terrestrial transmitters
searches listening for ET.I. of the Moon.
MHz Frequency Ll

., : fraction of life-bearing planets
developing commuicating civilizations =
INTE LLIG ENCE We are NOT special Intelligence is an ‘observed phenomenon’

which came about through natural causes.

A philosophical argument about E.T.I.

3
) Given the vast age and number of planets in

1. A” (1) Intelllgence. has occurred the Galaxy, intelligent civilization, more
2 ]_/10th elsewhere in our Galaxy sophisticated than us, exists and would

' have colonized the entire Galaxy by now.
3. 1/100th @
4, 1/m|II|on We should be surrounded We have no credible evidence that

by evidence of this such a civilization exists in the Galaxy.
5. None intelligence (civilizations) @
0% 0% 0% 0% 0% Where is everybody? THERE IS NO E.T.I.

- > e = @ 2o

This is known as Fermi’s Paradox
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What is a paradox?

Def. An argument that apparently derives self-contradictory
conclusions by valid deduction (through reasoning) from
accepted premises.

Critical premises leading to Fermi’s Paradox

Opinion: Premise 2: Provided such a
colonizing civilization does exist, how sure are
we it would communicate itself to us?

1. Absolutely
robably

Opinion: Premise 1. How sure are we that
intelligent civilizations would have
‘colonized’ the entire Galaxy?

25%

25% 25%

1. Given the size and age of the
Galaxy, absolutely yes.

iven the age of the Galaxy, its

What do YOU think is the solution to Fermi’s
Paradox?

1. No E.T.I. exist.

. Civilizations exist, but
e have colonized the

Possible solutions to Fermi’s Paradox

GREETINGS
EARTHLING
1) We are alone. i A
Humans are unique (or at least the first). o ©

2) We aren’t alone, but nobody has colonized the Galaxy
? Colonization of the Galaxy isn’t so easy:
ical reasons (space is simply too big)

Final in class quiz!!




1. The Drake equation tells us how many
civilizations in the Milky Way

are trying to
icate with us.

3. SETI scientists selected radio
frequencies to listen because

1. The receivers are most
sensitive there

build big radio

2. We know Marconi & Tesla were not
hearing E.T.I. because

1. Their receivers were not
sensitive enough.

5. The Fermi Paradox can be resolved by
attacking/falsifying the

25% 25% 25%

. conclusions

4. SETI scientists piggy bag on telescopes
used by astronomers. What does this mean?

1. They obtain the same
data as the astronomers.

looking in the




