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● Lecture 1 – Introduction
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● Lecture 3 - Stars
● Lecture 4 – Planetary Atmospheres
● Lecture 5 – Planetary Interiors
● Lecture 6 – Planetary Energy Balance
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● Lecture 10 – Mars
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● Lecture 19 – The Next Steps
● Lecture 20 – Summary/Discussion



Earth’s HabitabilityEarth’s Habitability

● Effect of moon-forming impact.

● Habitability regions on the planet.

● Earth’s radiative budget.

● The Faint Young Sun and Earth’s thermostat.

● Earth’s orbital variations.



  



  

● Rock samples show that the moon was previously substantially 
molten.

● Similar composition of moon rocks to Earth mantle 
(magnesium, silicates, etc). Oxygen 16, 17, 18 isotopes are 
similar within fractions of a ppm.

● The moon is less dense than Earth (3.3 g/cm3 vs 5.5 g/cm3). 
Iron from the impactor (Theia) was transferred to Earth and 
differentiated into Earth’s core.

● Earth and moon have similar spin and orbit orientations.

● Difficult to conserve angular momentum for capture scenario.

● The Earth-moon system contains significant angular 
momentum. If transferred to Earth, the rotation period would be 
4 hours.

● Why doesn’t Venus have a moon?
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Distribution of Life on EarthDistribution of Life on Earth

Eukaryotic biomass: 99.5% is on land.
Prokaryotic biomass: 96% below sea level.

Geothermal gradient is ~20-30°/km.



  

The Earth From Space In The Visible
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Earth’s Atmosphere with TimeEarth’s Atmosphere with Time

● Red curve = classical two-step view.
● Blue curve = emerging view, highlighting poorly understood regions.
● PAL = Present Atmospheric Level.

TW Lyons et al. Nature 506, 307-315 (2014) doi:10.1038/nature13068
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The Faint Young Sun ParadoxThe Faint Young Sun Paradox

The faint young Sun paradox or faint young Sun problem 
describes the apparent contradiction between observations of 
liquid water early in Earth's history and the astrophysical 
expectation that the Sun's output would be only 70 percent as 
intense during that epoch as it is during the modern epoch. The 
paradox is this: with the young sun's output at only 70 percent 
of its current output, early Earth would be expected to be 
completely frozen – but early Earth seems to have had liquid 
water and supported life. (wikipedia)

To solve the problem, you can investigate one of three aspects:
1) Increase the concentration of greenhouse gases.
2) Decrease the planetary albedo.
3) Increase the solar luminosity.
Item 3 on the list is generally considered untenable.
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