
Where Are They? 



“There’s no use trying,” she said: “one can’t believe 
impossible things.” 
 
I daresay you haven’t had much practice,” said the 
Queen.”When I was your age, I always did it for half-an-
hour a day. Why, sometimes I’ve believed as many as six 
impossible things before breakfast.” 
 

-- Lewis Carroll, Alice in Wonderland 



N = N* fs fGHZ fp nH fl fJ f�fEufmfifcL/T 
• N* = 4 x 1011 ± 25% 
• fs = 0.2 ± 0.1 
• fGHZ = 0.002 +0.01, -0.001 
• fp = 1.0 ± 0.2 
• nH = 2 ±1 
• fl = 1.0 +0, -0.99 
• fJ = 0.5 +0.3,-0.5 
• f� = 0.01 +0.1, -0.01 
• fEu = 0.2 +0.8, -0.2 
• fm = 0.1+0.9, -0.1 
• fi = 0.3 +0.7, -0.25 
• fc= 0.1 +0.7, -0.3 
• L/T = 0.0875  (10-6 –> 0.5)   
• N = 42 (from 1 (us) to 4x1010)  

N 



N 
N = N* fs fGHZ  fp nH fl fJ f�fEu fmfifcL/T 

 
•  Some of our estimates may be pessimistic 
•  Some of our terms may be irrelevant 

•  Drake estimated N~L 

•  Since L is likely either very long, or very 
short, N is likely 1, or >106 



The Principle of Mediocrity 

"The human race is just a chemical scum 
on a moderate-sized planet, orbiting 
around a very average star in the outer 
suburb of one among a hundred billion 
galaxies” 
                                            Steven Hawking 



The Principle of Mediocrity 

Why should there be anything special about our 
civilization? 
 
Our Sun is an apparently normal, middle-aged 
star, of average mass, in an average galaxy. 
 
Earth may be in just the right place, but the 
sheer numbers mean even with a low 
probability of success then earth-like planets 
should exist elsewhere.  



The Anthropic Principle 

Why is the universe the way it is? 
Why do the physical constants have the values they do? 
Why does the Goldilocks Effect hold? 
 
Because if things were different, we wouldn’t be here to 
notice. 
 
This is the gist of the Anthropic Principle. 
 
See Barrow & Tipler, The Anthropic Cosmological Principle 



Advanced Civilizations 

Any sufficiently advanced technology is 
indistinguishable from magic. 

                        Arthur C. Clarke 



Kardashev Civilizations 

Type I: controls planetary power sources. 
1017 Watts (terrestrial mean: 1.5x 1013 W) 

 
Type II: Can harness the output of a star. 

1026 W  (1 L�) 
 
Type III: Capable of harnessing the output of a 
galaxy. 

1037 W (1011 L�) 
 

Defined by energy usage. 



Kardashev Civilizations 

•  K = (log P – 6)/10 
– P = power usage in Watts 

•  Humanity is a Type 0.7 civilization 
– ~ 17 TeraWatts 

 



Dyson Spheres 

Why waste power? 
 
If you want to harness the power of  a star, construct 
a sphere to encase it. (Kardashev Type II) 
 
What will it look like? 
 
• Luminosity ~ L� 
• T ~ T� √(R�/d) 
• If R ~ 1AU, T ~ 550K 
  



Dyson Spheres 

•  a sphere of R=1 AU, δr=1cm, has a 
volume 3 VE 

•  Dyson spheres are dynamically unstable. 

•  The Dyson Swarm: independently-orbiting 
mirrors/collectors 



Von Neumann Machines 

Imagine a civilization that can build self-replicating 
machines. 
 
Build a machine (better yet, build a few). 
 
Launch them into space towards nearby stars. 
 
When they get to a star, they explore and report back. 
 
If a suitable planet exists: 
     land, replicate, and repeat the process. 



Von Neumann Machines 

If the machines travel at a speed of nc (n<1), 
then  
they will visit very star and planet in the 
Galaxy  
 
in a time given by Rg/n,  
 
where Rg is the radius of the Galaxy in light 
years (105). 
 



Coral  
Model 



Von Neumann Machines 

If the machines travel at a speed of nc (n<1), then 
they will visit very star and planet in the galaxy is a 
time given by Rg/n, where Rg is the radius of the 
galaxy in light years. 
 
Rg ~ 100,000 ly for our galaxy. 
 
For n = 0.01, every star will be visited in <107 years. 
(We have reached n=0.0001) 
 

     Where are they? 



Colonization 

Follows the arguments for von Neumann machines. 
 
Applies to either machines or biological beings. 
 
Colonization/Expansion is common on Earth. 
 
Galaxy should be filled in relatively short time.  
 

     Where are they? 



Communication 

Passive SETI has turned up nothing. 
 
Why don’t they communicate? 
  

     Where are they? 



The Fermi Paradox 

Where are they? 
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Resolutions to the 
 Fermi Paradox 

•  We are the first space-faring civilization 

•  Space travel is not possible for biological beings, perhaps 
due to high levels of radiation in space 

•  Space travel is possible; advanced civilizations stay home. 

•  We are in quarantine  (the sentinal hypothesis) 

•  We are an exhibit in the cosmic zoo 

•  They are here; we just don’t know it. 



Resolutions to the 
 Fermi Paradox 

Or, the universe really is out to get us 

• Gamma Ray Bursters occur about every 108 years/galaxy 

• GRBs sterilize some fraction of the planets in a galaxy 

• Intelligence requires >109 years to evolve 

• Communicating civilizations need >108 years on land 



Why Advanced Life Is Rare 
tl is the time it takes life to evolve to an  
   advanced civilization.  
   On Earth, tl = 4.5 Gyr. 
 
tl is determined by biochemistry and evolution. 
 
t* is the main sequence lifetime of a star.  
   For the Sun, this is 10 Gyr. 
 
t* is determined by nuclear fusion timescales. 
 
On Earth, tl and t* are about the same. 
 



Why Advanced Life Is Rare 
If tl and t* are independent, then it is much 
more likely that tl << t* or tl >> t* than tl ~ t*  
 
If tl << t* then advanced civilizations should be 
common. Where are they? 
 
If tl >> t* then it is likely that we are the first advanced 
civilization. 
 
This suggests that N should be either  

•  large (>106) or 
•  small (~1),  

but is unlikely to have an intermediate value. 




