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N ! 8 x 0.5 x 1.0 x 0.5 x 0.5 x 0.5 x L

N ~ L / 2

The number of other technical civilizations
in our galaxy equals 1/2 the number of years that

they are able (and willing) communicate 

Could be ~ 30 in our galaxy right now!

There are 100,000,000,000 galaxies in our Universe...

Putting it all Together:
2

• To go to a star 10 light years away ...  and back
 in one (long) lifetime:

• need 6x10
28

 ergs (20 years of Earth’s total energy production!)

• most efficient fuel:  matter+antimatter (100 tons each way)

• shielding against gamma rays...

• nah...

• Contacting and communicating with other 
civilizations is a generation-to-generation project

Contact or ‘just’ communication ?
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How far away?
How many stars to search?

L
nearest 

civilization

number of 
stars to 
search

65 3,800 ly 400,000,000

1000 1,500 ly 100,000,000

1,000,000 150 ly 100,000

4

Culture separation in
common 
language

medium
an 

example

Ancient 
Egyptians

time
(4000 years)

hieroglyphics
tomb carvings

papyri

space
(light years)

universal 
truths: 
science, 
math

light, radio, 
sentinel 

spacecraft

Communication?
consider... value in one-way communication
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SETI: Search for 
Extraterrestrial Intelligence

• (Radio) Searches for narrowband signals

• narrow band = non-natural origin

• need to scan billions of frequencies

• we don’t know their  “standards”

• FM radio - only 200 indep. frequencies

• need to point at LOTS of solar-type stars
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Why Radio?

Arecibo Observatory

And we already have some huge radio telescopes!

• can detect “earthly” signals across the Milky Way
• scan thousands of nearby stars

• cheap to produce 
high-power beam

• easy to detect with 
simple technology

• long-range

• Galaxy transparent 
to radio waves

• Galaxy relatively 
noise-free at useful 
wavelengths
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Earth UHF/VHF TV, viewed 
from Barnard’s star

(Sullivan et al. 1978)

Discovery would be profound even if never decoded

• most radio signals will be 
unintentional

• Earth example - 
• TV broadcasts

• Cell Phones

• Military Radar

• all spilling out into 
interstellar space

Unintentional Signals
8

Examples: intentional messages

The plaque aboard
Pioneers 10 and 11

now beyond our solar system
 over 7.5 billion miles away

The Arecibo Message
(1974)

now 32 light-years away

23x73



Intentional messages: a simple example:
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00001000001010001110100010100000100

00000010000000001010000000100010000
01010001000001000100000001010000000
0010000

35 ‘bits’ repeating

77 ‘bits’ repeating

121 ‘bits’ repeating

00000000000000000100000000010100000
00100010000010000010001010100010001
00000100000100010000000101000000000
1000000000000000

finally...
000111010000101
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00001000001010001110100010100000100

35 ‘bits’ repeating

•35 = 5 x 7 (product of two prime numbers)

• 0000100 0001010 0011101 0001010 0000100

•draw the signal into a 5 x 7 grid:

• a 3-unit square with something in the middle!

1

1 1

1 1 1 1

1 1

1

Intentional messages: a simple example:
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00000010000000001010000000100010000
01010001000001000100000001010000000
0010000

77 ‘bits’ repeating

•77 = 7x11 (product of two prime numbers)

•00000010000 00000101000 00001000100
00010100010 00001000100 00000101000
00000010000

•draw the signal into a 7 x 11 grid

• a 4x4  square with something 
in the middle!

1

1 1

1 1

1  1 1

1 1

1 1

1

Intentional messages: a simple example:
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121 ‘bits’ repeating

•121 = 11x11 (product of two prime numbers)
•00000000000 00000010000 00000101000 00001000100

00010000010 00101010001 00010000010 00001000100 
00000101000 00000010000 00000000000

•draw the signal into a 11 x 11 grid

• a 5x5  square with something in the middle!

00000000000000000100000000010100000
00100010000010000010001010100010001
00000100000100010000000101000000000
1000000000000000

1

1 1

1 1

1 1

1 1 1 1

1 1

1 1

1 1

1

Intentional messages: a simple example:
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• 3x3, then 4x4, then 5x5...

• the Pythaogrean Theorem!

•oh, and that last thing...
! 000111010000101

•group into units of 5 and notice 
there are always even sums:
! 00011 10100 00101

•the first digit makes the rest 
even within each byte

•the numbers 3, 4, and 5 in 
binary...

Intentional messages: a simple example:
14

What frequencies?
the “Water Hole”

“Magic” frequencies: 1.42 GHz, 2.84, GHz ...
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Project Ozma:
the first search, 1960

• Frank Drake (again!)

• 85ft Green Bank Telescope

• 3 months, 6h/day

• 2 stars

• monitored 1 frequency

• 1420 MHz, HI line

• found nothing

• except a secret military radar
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Modern Searches

• The more frequencies, the better
• Project Phoenix, 

@The SETI Institute
(Frank Drake is Chair of the Board)

• Paul Horowitz @ Harvard, project BETA

• Look for narrow bandwidth, 
pulsed signals

• Search LOTS of stars

• Automated data analysis

• Independent verification (lots of 
false alarms)
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A Test Signal:  Pioneer 10

Frequency 

T
im

e
• 7.5 billion miles away

• 5 watt transmitter power (think FRS radio)

• routine test used in most radio SETI systems



Data analysis example : SETI@home
http://setiathome.berkeley.edu
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Next:  The Allen Telescope Array

• A large array of ~350 21 ft. 
radio telescope dishes

• work together as a single 
telescope

• cover the whole sky at all 
frequencies

• funded by Paul Allen 
(Microsoft Gazillionaire)

• 400,000,000 stars within
30 years - with software!


