SETI - The Search for Extraterrestrial Intelligence

Are we alone, or are we just not listening in the right way?
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1. What Is SETI?

5. Fermi Paradox

SETI is the scientific search for detectable evidence of extraterrestrial techno-
logical civilizations. It is not UFO research: it relies on astronomy, statistics,
instrumentation, and signal analysis.

SETI asks whether technology leaves observable traces - for example transmitters,
lasers, industrial atmospheres, heat, or unusual engineered structures.

2. Biosignatures vs. Technosignatures

Biosignatures are possible signs of life: oxygen, methane, liquid water, or
atmospheric disequilibrium.

Technosignatures are possible signs of technology: artificial radio emission,
laser pulses, pollutants, infrared waste heat, or artificial-looking astronomical
structures.

Key idea: a biosignature may indicate life; a technosignature may indicate
technology. Both can have false positives and need independent checks.

Question: If the Galaxy is old and contains billions of planets, where is every-
body?

Expectation: many stars, many planets, possibly many civilizations. Observa-
tion: no confirmed extraterrestrial signal so far.

Possible explanations include rare abiogenesis, rare intelligence, short technolog-
ical lifetimes, weak or non-radio signals, deliberate quietness, wrong observing
frequency, wrong time overlap, large distances, or a “Great Filter” limiting
long-lived civilizations.

The paradox is not proof that we are alone; it says at least one optimistic assump-
tion may be wrong.

6. Detection Problems

3. Why Radio Waves?

c=M\f

Radio waves are useful because they propagate through interstellar space, pass
through dust better than optical light, can carry information, and can be detected
with radio telescopes.
A historically important region is the quiet microwave “water hole” near the
21 cm hydrogen line:

fu1 =~ 1420 MHz.

SETI therefore searches for signals that look artificial: very narrow bandwidth,
repetition, modulation, Doppler drift consistent with a sky position, and localiza-
tion to the same source.
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Signals weaken with distance. A signal from 1000 light-years away is already
1000 years old when it reaches Earth.

SETI requires overlap in time: one civilization must transmit while another
listens. The practical problem is therefore distance, timing, telescope sensitivity,
bandwidth, and interpretation.

7. The Wow! Signal

The Wow! Signal was detected in 1977 by the Big Ear Radio Observatory. It was
strong, narrowband, and lasted about 72 s, matching the telescope’s sky drift time.
It never repeated and is not confirmed as extraterrestrial intelligence:

interesting 7 confirmed.

4. Drake Equation

8. Modern SETI

N =R, fpne fi fi fe L

R, star formation rate
fp fraction of stars with planets
Ne habitable planets per system

fi fraction where life appears

fi fraction where intelligence appears

fe fraction that communicates detectably

L lifetime of the communicating civilization

The equation is not a precise calculator. Its value is conceptual: it separates
astronomical factors, biological uncertainties, and sociological/technological
lifetimes.

Modern SETI is broader than radio astronomy. Searches include optical laser
pulses, atmospheric technosignatures, infrared waste heat, unusual stellar
dimming, and large-scale data patterns in astronomical surveys.

The standard scientific order is conservative: first check instrumental error,
satellites, terrestrial interference, and natural astrophysical explanations; only
then discuss artificial hypotheses.

9. Conclusion

SETI turns the old question “Are we alone?” into a measurable search problem. It combines physics, astronomy, signal processing, and statistics to look for detectable tech-
nological activity beyond Earth. So far, no signal has been confirmed. Silence is still informative: technological civilizations may be rare, quiet, short-lived, far away, or very

different from our assumptions.
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