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Outline

We need to estimate the average lifetime of all
civilizations in our galaxy.

What factors determine the lifetime of a
civilization?
— Resource Exhaustion
— Population growth
— Nuclear war
— Natura catastrophe

Arguably, the most uncertain factor in the Drake
Equation.
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Lifetime of Civilization

If acivilization can communicate with other life forms,
and wantsto, how long can it last?

This factor pullsalot of weight in the Drake equation.
Arewe alone or are there aliens everywhere?

Easy to envision 4 cases:

1. Communication efforts stop. Bored with lack of success or
funding issues.

2. Civilization evolves away from interest or capability. But
empiresrise and fall.

3. Technological civilization collapses: exhaustion of resources
and population growth,

4. Catastrophe! Nuclear war or various natural problems.
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 Thelast 2items:
— Technological civilization collapses
— Catastrophe

o Could be caused by:

1. Resource Exhaustion
2. Population growth
3. Nuclear war > 3 T
4. Natural catastrophe ol TXREL
R ——————
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1. Depletion of Resources

7 EAT ENERCY,

'- you demon ceyml

Modern life depends on metals and rare s
elements.

Recycling can delay the depletion.

Pollution of our water or air supply is
still a problem.
But, many of these issues can be solved £ ¢
with sufficient energy. g

http://www.timboucher.com/portfolio/eat-energy.jpg
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1. Depletion of Resources

Energy allows usto recycle, remove salt
from the oceans, grow more crops, and
generally convert material into the form
we need.

S0, energy isour greatest concern.

Remember that energy is not depleted,
rather converted from useable form to
less useable form (2" [aw of
Thermodynamics).

http://europa.eu.int/comm/mediathegue/photo/sel ect/energy/p-009892-00-8h.jpg
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Energy

Majority from chemical means-fossil fuels—
electricity and gasoline (92% in the U.S)).

Redlly are from fossils, representing
millions of years of life.

And how are we spending it?

The average US citizen uses twice that of a
European, and 5 times the world average. —
Easy to obtain fossil fuels should last 50-100 o =emseee
yrs, coal 300-600 yrs.

We will have to change! But US spending
on renewabl e energy sources dropped by
factor of 10 in the 1980s.

SUVs do not help.
2003 Hummer
http://www.deal erimpact.com/downl oads/desktop_imgs/800x600-hummer.jpg
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b
Nuclear Fission

Breaking apart heavy (heavier than
iron) unstable elements into lighter
ones. Like an Un-Sun.

Most widely used is 23°U-formed
from supernovae— so limited amount
on Earth.

Supplies are limited and length of use
controversial.

A large reactor power plant uses 26
tons of fuel and 25 tons of waste per
year.

What do we do with the waste?

How to prevent accidents. Three Mile
Island or Chernobyl!?

http://www.ne.doe.gov/uranium/history.html

http://www.capef eare.com/seasonone.php
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Nuclear Fusion

Tokamak Fusion Reactor

What the Sun does for energy— H
into He.

Requires high density and
temperature.

How to contain it on Earth— Sun
uses gravity.

Magnetic confinement, but not
easy.

Research continues, but unlikely to
play alargerolein the next 50 yrs.

And on Earth requires deuterium
(heavy hydrogen) not as abundant
as hydrogen, nonetheless very
promising!

|
http://www.ipp.mpg.de/ippcms/eng/pr/exptypen/tokamak/magnetspul en/index.html
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Long-Lived Civilizations

* Require renewable energy supplies,

al Sun related.
» Hydroelectric (requiresrain), f?’@fi
windmills (winds), and solar power. K
« Solar power is used today, but % .' |
currently expensive because of L

manufacturing and tax subsidies for

fossil fuels. ,_
. . Moggee”
» Future example, could imagine a
power plant that completely surrounds
the Sun— e.g. Dyson sphere.
mr?];//www.l;omoa(f:dsiqr.cc:jnﬂomega;db;datu
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Pollution from Civilization ﬂ

Ozone layer (O,) isformed when O, is hit by
ultraviolet light, which breaks up O..

Ozone protects life against harmful Sun rays.

Chlorofluorocarbons (CFCs) destroy the
ozone.

CFCswere used in A/C and refrigeration.

Governments did not do much until alarge
hole appeared over Antarcticaand N. America.

Finally, being phased out, but the CFCs take
about 20 yrsto reach stratosphere.

The problem was predicted 25 years ago.

http://www.cpc.ncep.noaa.gov/products/stratosphere/sbuv2to/gif_files/sbuv16_nh_latest.gif

ANTARCTIC OQZONE HOLE
PHOTO COURTESY OF NASA.

http://www.ngdc.noaa.gov/pal eo/global warming/images/ozone.gif
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2. Population Growth

* Currently world population is around 5 billion (5 x
109).

Global Warming

Burning of fossil fuelsreleases CO.,,.

. W “.‘_‘-___.\. . 1“-\: _“-_"

ths isagreenhouse gas. e « Population roughly doubles every 50 years—

umans add more CO, to the atmosphere ~ ~2ahi - — 2050: 10 billion
(50-100x) than natural sources-25 billion 25~ = e
tons each year! e S — 2100: 20 b!ll?on
Then why hasn't the temperature rise : B 2150: 40illion .
been more dramatic? — 3000: 2.6 x 10° times present population

' i = 1.3x10%
The burning of coal releases sulfatesform .. .~ .
ahaze that igncreaseﬁ the albedo of Earth. ™~ el * Inthe year 3,000’ each person will have 4 square
So the effect is less than expected, but Destruction of Larsen ice shelf feet (2 by 2') of space (including the oceans!).
predictions suggest that CO, content will 2002. 3250 km? over 35 days. * A final absurdity, in 2550 years (the year 4554),
hegin to dominate in this century. gga; ;,d b; E?Z 72:; igg;jfsl ; Zyngi? the weight of humans would outweigh the Earth. o s org o
Already, large slabs of the Antarcticaice  12,000yrs. « Obviously something will have to be done! s oL
shelf have melted.
http://www-nsidc.col orado.edu/iceshel ves/larsenb2002/animation.html
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3. Nuclear War 3. Nuclear War

FALLOUT SHELTER
IN THIS CORRIDOR

FALLOUT SHELTER
IN THIS CORRIDOR

» Dust and debristhrown into
atmosphere around the globe
would block light and lower
temperatures.

» Out of control fireswould add
soot to the dust layer.

» Magjor collapse of theworld's
food chain.

» Possibly extinguish our species.

May be the only human activity
that can catastrophically end our
technological civilization.

Effect may be seen days or years
afterwards.

Makes lots of radioactive
elements with various half-lifes.

Most destructive global nuclear
war could cause a nuclear winter.

http://www.randomfate.net/MT/images/N_Korea _nuke.gif
http://www.dalitstan.org/journal/recthist/nuclear/nuclear.html hitp:/fcosmo. pasadena caus'adventures/atomicicold-war. htmi
http://cosmo. pasadena.ca.us/adventures/atomic/col d-war.html
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4. Natural Catastrophes

1. Volcanoes

* Worldwide distribution of dust. Same idea as nuclear
winter, but without radioactive fallout.

» Krakatoaeruption in 1883 near Java, blew away 75% of
theisland of Rakata. (Heard in Austria.)

* Prolonged low temperatures “Y ear with no summer”

Yarlaten

e

Fnak I_ﬁ‘rakatau 3
\

va T 1536 /j'.-

7 5

krakatau

3
Kilarnatars

Fram Simkin and Fisks, 1963
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http://www.vulkaner.no/v/vol can/indo/krakatau.html http://charm.hendrix.edu/astro/krakatoajpg

4. Natural Catastrophes

2. Comets and Asteroids
* Many in Earth-Crossing orbits— NEOs.

* Again, creates large amounts of dust in the atmosphere
leading to global cooling.

* Small objects can cause alot of damage because the
Earth’s orbital velocity is30 km/s = KE=%M V?

e That meansthat a0.25 km radius rock releases as much
energy as 7200 megatons of TNT, as much as aall-out
nuclear war! NEAR — 433

e Would make a 10 km crater afew

km deep gjecting 102 tons of debris.
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Lifetime
Chances

http://www.planetary.org/html/neo/A BCsOf NEOs/FrndorFoe.html

Killer Asteroids

Small asteroids are often hitting the
Earth’s atmosphere.
Commonly giving off around 10
kilotons of energy.
But how often are Killer Asteroids (~
0.5 km in diameter) expected?
In 1992 congress asked NASA to find
near Earth objects.
So far over 400,000 objects.
The most dangerous known is 1950
DA (~1km), will get closein March
2880 (0.33% chance of collision). gy T
We can not predict orbits more than Ezrstsﬁj LV: :ggizniax:srfg" of
20 yearsin advance, but 1950 DA Kilotons.
would have 100,000 Megatons of
energy.
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Asteroid 2004 FH. 30 metersin

diameter. About 1 Megaton of
TNT energy in an Earth impact!

http://antwrp.gsfc.naq_g_qwﬁpg%pﬂgyzz.html




Be Aware

DOCTOR FUN
BIEE: -7

“Today’s asteroid encounter was a near miss, but some scientists warn that an actual impact

could have serious long-term effects on life on Earth as we now know it."

Nov 8, 2(

=D

11 April 96

Copyright © 1996 David Farley, d-farlev@tezcat.com
http://sunsite.unc.edu/Dave/drfun.html

This cartoon is made available on the Internet for personal viewing only.

Opinions expressed herein are solely those of the author,

Killer Asteroids

e TheDino Killer was about 10 km in
diameter.

» And, there are many asteroids out there
that we still do not know about.

» Estimation of killer asteroids impact is
about every million years or so.

 What can we do if thereis an immediate
threat? There may belittle time.

http://www2.ifa hawaii.edu/newslette
rdarticle.cfm?a=88&n=10
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Killer Asteroids

Diversion or destruction of object.

With sufficient warning it doesn’t take too
much to miss the Earth.

One example is to change reflectivity of
surface.

Nuclear explosions may result in many
small asteroids.

Expensive and difficult, but advanced
civilizations should be able to do it.
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4. Natural Catastrophes

3. Stellar Evolution

e The Sunishafway through its
lifetime on the main sequence.

e Itsluminosity will increases asit
becomes ared giant.

» Either Earth getspulled in,
pushed out, or nothing.

* Inabout 5 billion years, the
Earth’ s atmosphere will probably
evaporate.

* Even earlier though, the Earth
will lose its oceans in about 1-2
billion years.

http://www.astroi mages.net/M edia/Sol ar Sys/AR03.html
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Natural Catastrophes

3. Stelar Evolution

* But an advanced civilization can decrease
greenhouse gases or increase dust in the
atmosphere.

» Eventually, we would have to leave the
Earth, move the Earth, or move to Mars.

e Even shorter variationsin the Sun’s
luminosity can result inice ages. Again,
advanced civilizations can add
greenhouse gas.

http://www.boulder.swri.edu/~terrell/dtart_old.htm
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4. Natural Catastrophes

4. Killer Supernovae!

e Death of anearby massive star
would be bad news.

» Explosion within 30 ly would
destroy ozone layer.

* Right now, no candidates.

* Unlikely to happenin time
scales of less than 2 billion
years.

* AsBrian Fieldswill discuss, it

Is posited that a supernova event

2 Myrs ago may account for a

mass extinction event.
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4. Natural Catastrophes

5. Ultimatelimitto L!
» [Fate of the Universe.
e A Big Crunch: 10*2 years (atrillion years)

e But, WMAP results from the cosmic microwave
background suggest that we are in aflat universe.

* Thenitisanissue of energy.

Astronomy 230 Fall 2004
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5.

4. Natural Catastrophes

Ultimate limit to L!

e Eventudly al of the starswill burn
out (10 years).

e Only energy source left is orbital
energy.

e Possibly extracting energy from
rotating Black Holes.

e Eventualy, black holes evaporate
(100 yrs). Remember the Universeis
13.7 x 10° or around 10 years!

e But half of al protons might decay by
108 yrs.

e Bottom lineisthat the maximum age
is speculative.

http://homepages.wmich.edu/~korista/web-images/accretion_ncstate,jpg
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What isL?

How long on aver age can an advanced civilization exist?

Again, we only have a sample of 1 from which to discuss. What is our
civilization'slifetime?

=25x 1011

Communicating Civilizations

Drake Equation
For Optimist

62.5% of al starsin our Galaxy.

— Short Term (100-1000 yrs) &%)
» Give up on communication due to budgets. A
 Depletion of resources. _
 Population. N - R*
 War.
— Long Term (10° to 5 x 10° yrs— age of galaxy is 10%° yrs and we a dfaﬁi od Rate of Fraction Eair?lfike Fraction  Fraction  Fraction .. o
took half of that to evolve) civilizations ~ formation  of stars planets  onwhich that evolve that — dvanced
. of Sun- with . . . . commun- ..o o
o Stellar Evolution. we can like stars planets per life arises intelligence icate civilizations
. tact t
— Don't forget the random volcano, asteroid, or supernova. contac system
— Still in many cases an advanced civilization may be prepared for 50 1 1 1 1 1 5x10°
many of the issues!
Birthrate of 50/year!
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Communicating Civilizations

For Pessimist

Must wait 107 years for one!

N =

# of

R.x 1, xn ><fI

# of

advanced Rate .Of Fraction Earthlike  Fraction Fraction Fraction Lifetime of
s formation of stars . that
civilizations . planets on which that evolve advanced
of Sun- with ) . . . commun- ..o -
we can . per life arises intelligence ~. civilizations
like stars planets icate
contact system
5 0.1 0.15 0.01 0.01 0.01 100
Birthrate of 7.5 x 108
/year! L.W. Looney
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Communicating Civilizations

For Average

%?

# of
advanced
civilizations
we can
contact

Nov 8,

R*Xf xn ><fI ><L

# of

Rate .Of Fraction Earthlike Fraction Fraction Fraction Lifetime of

formation of stars . that
. planets on which that evolve advanced

of Sun- with . . . . commun- ..o o

. per life arises intelligence civilizations
like stars planets cate

system
10 0.5 0.89 05 0.7 0.6 1x106
Birthrate of 0.93/year!
2004 L.W. Looney




