
Astronomy 330 

Music: It’s the End of the World as We Know It – R.E.M. 

Outline 

•! Lifetime of alien civilizations.  

–! Could be a whole class (oh it is..) 

–! Quick discussion 
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2. Population Growth 

•! Currently world population is around 6.7 billion      
(6.7 x 109). 

•! Population roughly doubles every 50 years–  

–! 2050: 10 billion 

–! 2100: 20 billion 

–! 2150: 40 billion 

–! 3000:  ~200,000 times present population                                
=   1.3 x 1015 

•! In the year 3000, each person will have 4 square 
feet (2’ by 2’) of space (including the oceans!). 

•! A final absurdity, in 2550 years (the year 4554), 
the weight of humans would outweigh the Earth. 

•! Obviously something will have to be done! 

http://w3.whosea.org/aboutsearo/88-97-7.htm 



3. Nuclear War 

•! 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.dalitstan.org/journal/recthist/nuclear/nuclear.html 

http://cosmo.pasadena.ca.us/adventures/atomic/cold-war.html 

3. Nuclear War 

•! Dust and debris thrown into 

atmosphere around the globe 

would block light and lower 

temperatures. 

•! Out of control fires would add 

soot to the dust layer. 

•! Major collapse of the world’s 

food chain. 

•! Possibly extinguish our species. 

http://www.randomfate.net/MT/images/N_Korea_nuke.gif 

http://cosmo.pasadena.ca.us/adventures/atomic/cold-war.html 

4. Natural Catastrophes 
1.! Volcanoes 

•! Worldwide distribution of dust.  Same idea as nuclear 

winter, but without radioactive fallout. 

•! Krakatoa eruption in 1883 near Java, blew away 75% of 

the island of Rakata. (Heard in Austria.) 

•! Prolonged low temperatures “Year with no summer” 

http://charm.hendrix.edu/astro/krakatoa.jpg http://www.vulkaner.no/v/volcan/indo/krakatau.html 

4. Natural Catastrophes 
2.! Comets and Asteroids 

•! Many in Earth-Crossing orbits– NEOs. 

•! Again, collision would create large amounts of dust in the 

atmosphere leading to global cooling. 

•! Small objects can cause significant damage because the 

Earth’s orbital velocity is 30 km/s  " KE = ! M V2 

•! That means that a 0.25 km radius rock releases as much 

energy as 7200 megatons of TNT, as much as a all-out 

nuclear war! 

•! Would make a 10 km crater a few                                                      

km deep, ejecting 1012 tons of debris. 



Question 

A nuclear explosion or an asteroid impact can result   

in 

a)! a nuclear winter. 

b)! very different effects. 

c)! the Earth breaks into small pieces. 

d)! the Earth being thrown out of its orbit. 

e)! the total destruction of the Solar System. 

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? 

http://antwrp.gsfc.nasa.gov/apod/ap040322.html 

Asteroid 2004 FH.  30 meters in 

diameter.  About 1 Megaton of 

TNT energy in an Earth impact!  

Passed within 7 Earth radii of 

Earth.  Hiroshima was 15 

kilotons. 

Ramming Speed! 

•! A meteor compresses the air in front of it,so-called ram 

pressure. 

•! Just like quickly pumping  

up a bicycle tire, this heats 

up the air. 

•! This heats up the object. 

•! The outer layers of the  

object can melt or boil  

away, called ablation. 

•! The meteor light seen is a combination of ablation and 

ionizing of the atmosphere by the extreme heat. 

Ramming Speed! 

•! Objects less than a few kilograms will burn up completely in 

the atmosphere. 

•! Objects a few kilograms to 

7000 kg will slow down 

due to the atmospheric  

drag. 

•! These reach their terminal  

velocity– about  

90-180 m/s (200-400 mph). 



The Big One 

•! Objects around 9,000 kg will  

keep some of their initial 

velocity– about 2-4 km/s (1.5 

mps). 

•! Really big objects (9 x 105 

kg) will hardly notice the 

atmosphere, impacting at 

near their initial velocities  

(>11 km/s!). 

•! http://www.youtube.com/

watch?v=vZiZU42sn6w 

Cool Touch 
•! After the meteor reaches 

terminal velocity, the 

ram pressure is gone, and 

the lights go out. 

•! At this time, the 

meteorite cools off 

quickly.   

•! The inside of the 

meteorite has been in 

space for 4.5 billion 

years, so it is cold and 

the upper atmosphere is 

cold. 

Cool Touch 

•! Sometimes newly 

fallen meteorites are 

actually covered in 

frost. 

•! But they are never 

above ambient 

temperature. 

•! You will not get 

burned. 

•! Big ones, it is a 

different story. 
It’s a myth that they can start fires! 

What do they Look like? 

•! New rocky meteorites will 

still have their fusion crust– 

dark color. 

•! Iron meteorites, a welded 

metal look. 

•! But not always.  It can wear 

away quickly, or the 

meteorite could have broken 

up after terminal velocity. 

•! http://www.aerolite.org/

museum-quality-

meteorites.htm 



Tunguska, Russia  

30 June 1908 

•! Something big seems 

to have exploded in 

the atmosphere 

•! The exact cause is 

uncertain, but we 

suspect a comet or a 

meteor ~40 meters in 

size exploding 8 km 

up, no impact. 

Aerial view of Tunguska Natural Reserve 

Eye Witness 
I suddenly saw the sky split in two and fire appeared high and wide 

over the forest. The split in the sky grew larger, and the entire 

northern side was covered with fire. At that moment, I became so 

hot that I couldn't bear it, as if my shirt was on fire; from the 

northern side, where the fire was, came strong heat. I wanted to 

tear off my shirt and throw it down, but then the sky shut closed, 

and a strong thump sounded, and I was thrown a few yards. I lost 

my senses for a moment, but then my wife ran out and led me to the 

house. After that such noise came, as if rocks were falling or 

cannons were firing, the earth shook, and when I was on the 

ground, I pressed my head down, fearing rocks would smash it. 

When the sky opened up, hot wind raced between the houses, like 

from cannons, which left traces in the ground like pathways, and it 

damaged some crops. Later we saw that many windows were 

shattered, and in the barn a part of the iron lock snapped. 
http://en.wikipedia.org/wiki/Tunguska_event 

Theories? 

“Perhaps the earliest widely-held theory for the 

Tunguska explosion was that the world was about to end. 

As the minutes passed, this theory was dropped in favor 

of other, less final theories, until today one is hard-

pressed to find anyone who truly believes the world 

ended on the morning of June 30, 1908..” 

http://en.wikipedia.org/wiki/Tunguska_event 

What happened? 

•! The object’s entry 

appeared to be at an 

angle of 30-35° 

•! The object shattered 

in a series of 

explosions at about 

8 km altitude 

Tree blowdown from the explosions; 

Note parallel alignment of the trees 



Big fires 

•! In the central 

region, forests 

flashed to fires 

that burned for 

weeks 

•! A herd of 600-700 

reindeer was 

incinerated 

Tunguska, Siberia, June 30, 

1908 

Black and white 

photos taken during 

field expedition in 

1927; color photo 

taken in 1990  

Aligned trees 

•! Trees were felled 

in a radial sense 

•! About 2,000 km2 

were flattened by 

the blasts 

What happened? 

•! Our best scientific 

guess is that it was part 

of a comet 40 meters in 

diameter… 

•! …no crater was 

found… 

•! …and no meteoritic 

debris has been found 

Felled trees aligned parallel to each 

other 



Lake Cheko 

•! Recently, a team has 

suggested that a fragment 

from the event did impact 8 

km away. 

•! They argue that it made  

Lake Cheko (elongated in 

correct direction). 

•! It has a strange conical 

shaped bottom with dense 

object at the bottom 

(investigated this year). Tunguska, Siberia:  June 30, 1908  

A ~40 meter object disintegrated and exploded in the atmosphere 

The energy of the explosion was equivalent to 1,000 Hiroshimas Several hundred square miles of forest were destroyed. 

What if this had happened over a city? 



Area of devastation superimposed on a map of Rome.  

Yellow=charred trees; Green=felled trees 

•! Devastation! 

•! Over a city, it 

could kill millions. 

A Global View 

•! Soot from fires circled the 

globe, producing spectacular 

sunrises and sunsets for months 

afterward 

•! The Tunguska event was the 

largest known comet/asteroid 

event in the history of 

civilization 

•! http://www.youtube.com/

watch?v=mQSwVMBIeKg 

•! We expect such events every 

100 years or so! http://visionoftheworld.com/_wsn/page4.html 

If something like Tunguska happens every ~100 years, how come 

we haven’t heard about it? Why haven’t more people been killed 

by asteroid impacts in the past? 

• Before the 20th Century, human population was much lower, so 

likelihood of someone being affected is lower. 

• If someone did see a Tunguska, less likelihood of word getting 

around -- news didn’t disperse as easily back then. 

Massive Impacts = Extinctions? 

•! Asteroids and comets have hit 

the Earth. 

•! A major impact is only a matter 

of time: not IF but WHEN. 

•! Major impacts are very rare: For 

an extinction level event, you 

have to wait millions of years. 

•! But! For an event that causes 

major damage, you have to wait 

only roughly tens to hundreds of 

years. 



Effects upon children 4. Natural Catastrophes 

•! Common? 

–! 5-10 m asteroid hits Earth every ~1 years. 

–! 40 m asteroid hits Earth every ~100 years (Tunguska).  

–! 1km asteroid hits Earth every ~500,000 years. 

–! 5km asteroid hits Earth every ~10 million years. 

–! >10 km asteroid hits Earth … last one was 65 million 

years ago 

•! Not a clock, just random events 

Cause of Death    Chance: 1 in       

Motor vehicle accident  90    

Suicide                              120    

Homicide                                 185    

Falls                                   250     

Terrorism (Middle East)      1,000   

Fire or smoke                1,100              

Electrocution             5,000              

Drowning                               9,000              

Flood                              27,000    

Airplane crash          30,000               

Lightning strike             43,000    

Asteroid impact (global)     75,000 

Terrorism (non Mid-East)    80,000 

Insect bite or sting             100,000 

Natural tsunami                100,000 

Earthquake                      130,000 

Asteroid impact (regional)  1,600,000 

Food poisoning (botulism)  3,000,000 

Asteroid impact (local)        5,700,000 

Shark attack           8,000,000 

9/11 

Clark R. Chapman 
Southwest Research 
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This is hard to understand as 

there is very little chance that 

anyone in your lifetime will die 

from an impact.  BUT, if a 

global impact occurs within the 

next 100 million years, billions 

of people will die, so the 

average per year is still 

relevant.  Low chance, but high 

risk events! 



How Important is NEO Threat?  We’ve 

Many Other Things to Worry About! 

Source: John Pike 

NEO impact similar to this 

9/11 

Mortality from Twentieth Century Catastrophes 

Near Earth Object Program 
http://neo.jpl.nasa.gov/ 

•! Survey: 1998 to 2009, find 
>90% of NEOs >1 km 
diameter (Near Earth Objects) 

•! Congress ordered NASA to 
find 90% of NEOs >140 m by 
2020 

•! http://www.youtube.com/
watch?v=9_EZfxvTmNA 

Kitt Peak Natl. Observatory LINEAR, New Mexico 

LSST 

Killer Asteroids 

http://neo.jpl.nasa.gov/faq/ 

•! As of April 2010, 
6,935 NEAs 
(>50 meters, so 
asteroids) are known. 

•! 804 of these are  
> 1km 

•! 1107 of these are 
classified as 
Potentially 
Hazardous Asteroids 
(PHAs) 

Killer Asteroids 
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The Asteroid with Our Name on It: 

The Deadly Impactor 

•! We haven’t seen it yet. 

•! But we want to find all 
the “potentially 
hazardous” asteroids, to 
be sure nothing’s coming 
soon…. (Though statistics 
are on our side.) 

http://antwrp.gsfc.nasa.gov/apod/ap040322.html 

Asteroid 2004 FH.  30 meters in 

diameter.  About 1 Megaton of 

TNT energy in an Earth impact!  

Passed within 7 Earth radii of 

Earth.  Hiroshima was 15 

kilotons. 

The Asteroid with Our Name on It: 

The Deadly Impactor 

•! The most famous “close call” 
is asteroid Apophis (which 
might have hit us in 2036). 

–! 250 meters in diameter, approx. 

–! There was a scare for a while 
because the chance of a hit was 
1 in 300. 

–! Currently the chance is only 1 in 
45,000. 

–! Highest Ranked on the Torino 
Scale 

Killer Asteroids 

•! The most dangerous known is 
1950 DA (~1km), will get 
close in March 2880 (0.33% 
chance of collision).   

•! We can not accurately predict 
orbits more than 20 years in 
advance, but 1950 DA would 
have 100,000 Megatons of 
energy. 

http://neo.jpl.nasa.gov/1950da/ 

Be Aware 



Killer Asteroids 

•! The Dino Killer was about 10 km in 

diameter.   

•! And, there are many asteroids out there 

that we still do not know about. 

•! On the long time-scale one of them will 

hit the Earth. 

•! What can we do if there is an immediate 

threat?  There may be little time. 

http://www2.ifa.hawaii.edu/

newsletters/article.cfm?a=88&n=10 

http://neat.jpl.nasa.gov/ 

http://www.ll.mit.edu/LINEAR/ 

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. 

http://neat.jpl.nasa.gov/ 

http://www.ll.mit.edu/LINEAR/ 

Question 

A larger asteroid will eventually hit the Earth again, 

what is the best way to avert it. 

a)! Bomb it. 

b)! Move to Mars 

c)! One word: lasers 

d)! Discover it years in advance. 

e)! There is already a secret project in place to avert 

any large asteroid– loose lips sink ships. 

So can we ignore the risks? 

•! Well, an asteroid impact would 
be like a plane crash…. It 
doesn’t happen very often at all 
-- air travel is very safe -- but 
when it does happen, a bunch 
of people die at once. 

•! It all depends on what risks 
humanity is willing to live with 
(e.g. cars kill lots more people, 
but no-one wants to ban 
them…). 



So How to Mitigate? 

•! Two main options:  

•! Destroy 

–! Can be problematic 

–! Fragment into many pieces (all in the same orbit).. 

Have to track hundreds or thousands of objects now! 

•! Delay 

–! Earth is moving 30 km/s, or 1 Earth diameter every 7 

minutes. 

Blow the Mother Up! 

•! Typical option discussed is 

nuclear missiles. 

•! Might work, vaporizes or 

at least reduce mass.  

•! But, need to make sure not 

to fragment into many still 

dangerous pieces. 

•! Imagine twenty-five 50m 

pieces in the same orbit, 

would be hard to stop! 

Kinetic Energy Deflection 

•! Impact the asteroid or 

attach rockets. 

•! May still fragment, but 

most have impacts, so 

less likely 

•! Actually an ESA mission 

to test this is occurring in 

2011! 

•! The aptly-named Don 

Quijote mission 

http://www.esa.int/SPECIALS/NEO/SEMZRZNVGJE_1.html 

Don Quijote 

Two components: 

•! Sancho: orbits and 

accurately measures 

position 

–! Plus the Autonomous 

Surface Package 

Deployment Engineering 

eXperiment, which checks 

out the impact site 

•! Hidalgo: impactor (10km/s) 

http://www.esa.int/SPECIALS/NEO/SEMZRZNVGJE_1.html 



The Ole’ Space Tug 

•! Put a rocket on the 

asteroid! 

•! This can eventually move 

the rock, but 

–! Rockets don’t provide too 

much thrust 

–! Will likely need many 

steerable rockets. 

–! Remember that asteroids are 

rotating! 

–! How to attach to a tumbling, 

rotating asteroid that may 

only be a big pile of rubble? 

Gravity Tractor 

•! Put an object near the  

asteroid! 

•! Using gravity, the  

asteroid is attracted to  

spacecraft. 

•! Spacecraft uses rockets 

to keep away, so slow pull. 

•! Would take ~10 years for moderate mass 

asteroid 

•! Works no matter the composition– rubble 

piles not fragmented. 

Other Ideas 

•! Paint it or wrap it in a reflective coating.  

–! Hard to do, tumbling asteroid again, plus only pushes in 

direction opposite to Sun. 

•! Opposite idea is to  

sprinkle with soot to  

reduce Sun pressure  

(also Yarkovsky effect). 

•! Asteroid braking.   

Perhaps a cloud of  

steam in front of the asteroid to slow it some. 

–! Steam?  Nuke a comet. 

Asteroids are Not Likely to 

Destroy our World… 

•! …but we can contemplate the NEO hazard as the most 
extreme environmental disaster, and put the lesser, more 
likely ones into context… 

•! …and distinguish between societal issues like global 
warming and true, sudden catastrophes. 

•! Many threats to society and our lives  (flu, war, famine…
global warming) are here today. 

•! Asteroids are in our future…as places to travel to, as fuel 
stations for a spacefaring civilization …let’s hope they 
don’t come to us first!  

Alabama, 1954 

Asteroid Eros 

 (Pat Rawlings, SAIC) 

Asteroid Itokawa 

Arecibo radar 



4. Natural Catastrophes 

3.! Stellar Evolution 

•! The Sun is halfway 
through its lifetime on 
the main sequence. 

http://www.astroimages.net/Media/SolarSys/AR03.html 

•! Most of its life is spent in 
the happy pursuit of 
burning H " He 

•! With time, luminosity 
and temperature evolve 
gradually in response 

–! Stays on the Main 
Sequence, but still 
evolves.. 

•! The Sun is now 40% 
brighter and 6% bigger 
than zero age MS. 

Life of a Low Mass  

(Sun-like) Star 

http://wings.avkids.com/Book/Myth/Images/ocean_sun.gif 

•! Over the next billions of 
years, our Sun will continue 
to increase in luminosity. 

•! So in 1+ billion years, our 
Sun will be 10% more 
luminous. 

•! This will cause a “moist” 
greenhouse effect adding 10 
degrees F to the average 
temp. 

Life of  Our Sun 

http://www.solcomhouse.com/Greenhouse_Effect.gif 

•! This increase in total energy will 
have a major impact on the Earth! 

–! Ice caps melt 

–! Costal regions flood 

–! Equator becomes inhabitable 

–! Antarctica becomes warm 

Life of  Our Sun 

http://changeyourways.wordpress.com/2009/06/12/what-on-earth/ 



•! Increased temperature means that the lighter elements, 
like water molecules in  
the air, will have enough  
speed to escape Earth  
completely. 

•! The water of Earth begins  
to pack up and leave!  

•! In 1.1 billion years, the  
continents will be deserts  
and the oceans are beginning to evaporate. 

Life of  Our Sun 

http://www.esquire.com/cm/esquire/images/Gd/desert-1108-lg.jpg 

•! As the Sun, uses up the hydrogen in 
the core, the Sun increases by 40% 
in brightness in 3.5 billion years. 

•! By that time, all of the oceans are 
gone! 

•! The baking sediments at the bottom 
of the oceans, release CO2 

•! Earth will become Venus-like! 

•! Then the heat makes even those 
heavier molecules leave the Earth. 

•! The Earth will be a barren rock in 
about 4 billion years!  

Life of  Our Sun 

http://wings.avkids.com/Book/Myth/Images/ocean_sun.gif 

1.! Move the population 

–! I hear that Mars could be a nice place to live. 

–! Need to terraform Mars, which could take a while. 

Mitigation 

http://www-cache.daz3d.com/sections/contests/upload_files/3195.jpg 

2.! Move the Earth 

–! There is no place like home, so 
move it to a nicer place, farther 
away from the Sun. 

–! Use gravity assist or the sling 
shot technique. 

Mitigation 

http://upload.wikimedia.org/wikipedia/commons/8/8e/Grav_slingshot_simple_2.gif 



2.! Move the Earth 

–! Asteroids to the rescue? 

–! Move many large asteroids in 
front of the Earth, sends them 
toward the Sun and the Earth 
outwards. 

–! Need to do this every 6000 years 
to make Earth survive until the 
Sun hits the Red Giant phase. 

Mitigation 

Korycansky et al. 2001 

2.! Move the Earth 

–! For billions of years!   

–! We don’t have enough large 
asteroids. 

–! We’ll have to recycle. 

–! The idea is to transfer energy 
from Jupiter’s orbit to Earth’s 
orbit. 

Mitigation 

Korycansky et al. 2001 

2.! Move the Earth 

–! Could keep us safe for a good 6 
billion years! 

Mitigation 

Korycansky et al. 2001 


