
ASTR/GEOL-2040: Search for life in 

the Universe: Lecture 33

• Exoplanets

• Extraterr. Intellegence

• Quiz questions etc

Axel Brandenburg

(Office hours: Mondays 2:30 – 3:30 in X590

and Wednesdays 11-12 in D230)



The next two weeks

• Review Quiz #2 model solutions (D2L)

• HW7 on Wednesday, due Dec 8

– only the 5 best ones count 

• How to find life on exoplanets

– Chapter 8, pp. 261 – 280 

• How to find extraterrestrial intelligence

– Chapter 9, pp. 281 – 302 

• Review of all material for the final



Plot reading

A. Need to be 2 times closer

B. 4 times closer

C. 16 times closer 

What if star is 4 times dimer?

To have Earth-like conditions, we …
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Life elsewhere in the Universe?

• To many: most important question…

– Profound religious & philosophical implications

– Cannot answer (right now)

• But can pose & answer related questions

– What can science tell us?

• One of the early approaches:

– Number N of civilizations in our galaxy 

broadcasting their existence into space



Life elsewhere in the Universe?

• Drake’s equation: N = Rb t

• N = ?  (at least 1)

• t = ?  

• Rb > 0.02 yr-1

Time over 

which they 

broadcast

Rate (number per unit time)

at which broadcasting civilizations 

appear in our galaxy

= us on Earth

> 50 yr … 100 yr



Optical SETI

• R* = 1

• Fp = 0.2 … 0.5



Drake (1960)

• R* = 1 yr-1

• fp = 0.2 … 0.5

• ne = 1 …5

• fl = 1

• fi = 1

• fc = 0.1 … 0.2

• L = 103 … 108

• N = 103 … 108



Nowadays: more accuracy

• R* = 1 yr-1

• fp = 0.4

• ne = 0.005

• fl = 1

• fi = 1

• fc = 0.1 … 0.2

• L = 103 … 108

• N = 103 … 108

Psychology and sociology:

choose not to broadcast…



Planets with biosignatures

• N* = number of M stars in sample

= 30,000

• FQ = fraction of quiet stars = 0.2

• FHZ = rocky planets in HZ = 0.15

• FO = observable = 0.001

• FL = fraction with life = 1

• FS = fraction with spectroscopic signatures = 0.5

• N = 2

Sara Seager



Back to exoplanets

what can we observe?

• Potential for habitability

– Oceans, land/ocean ratio, clouds, seasons

• Surface/subsurface life?

• Eventually: atmospheric composition

– Abundance & combination of gases



How to find biospheres

• Galileo: find life on Earth

– fly-by on Earth ( Challenger disaster)

• Near infrared spectrometer (NIMS)

• Large amount of O3

– Hard to explain abiologically

– Also CH4: this, together with O3, important

– Readily oxidized to give… 
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California Beaumont Zone of Ozone City
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Odor of ozone?

A. Like benzene

B. Like chlorine

C. Like fluorine

D. No odor



Ozone?

A. Like benzene

B. Like chlorine

C. Like fluorine

D. No odour

Smell? ozein (ὄζειν), the Greek verb for smell



Source of ozone layer

A. Xerox machines

B. Lightning + oxygen

C. UV radiation + oxygen

D. Airplanes

E. Forest fires



Ozone cycle

• autocatalysis

• cycle 

 O2O2 hv

32 OO  O 

UV-B

UV-C

100-315 nm

photolysis

radical=

unpaired

valence

electrons



Source of ozone on Earth

A. Xerox machines

B. Lightning + oxygen

C. UV radiation + oxygen

D. Airplanes

E. Forest fires



How to find biospheres

• Galileo: find life on Earth

– fly-by on Earth ( Challenger disaster)

• Near infrared spectrometer (NIMS)

• Large amount of O3

– Hard to explain abiologically

– Also CH4: this, together with O3, important

– Readily oxidized to give… 



Methane + Oxygen = ?

A. Water

B. Carbon dioxide

C. All of the above



Methane + Oxygen = ?

A. Water

B. Carbon dioxide

C. All of the above

CH4 + 2O2  CO2 + 2H2O



Next time

• Planetary atmospheres

• Starshade

• Rothery et al. 262 – 280

• Longstaff: pp 366 – 375

• BS: 380 – 395 


