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HOW DO PLANETS COOL?


Hot material rises, and causes convection currents and plumes, which are the hot columns of rock that form volcanoes and flood basalts. Mercury, the Moon, and Mars all show no signs of convection currents, but do have huge hot spot volcanoes (plumes). However, Venus and Earth both show surface features that suggest both convection and plumes. They seem to be a transitional size that allows for both types of cooling.


On Earth, earthquakes mark the locations of the plate boundaries. The three kinds of boundaries are convergent, divergent, and transform. Because of plate tectonics, there is no ocean floor older than 180 million years.


Convergent boundaries cause subduction; two plates move towards each other, and one is pulled under the other. This process eventually stops because the continental lithosphere becomes too buoyant, and the oceanic lithosphere detaches and sinks, leaving a suture of oceanic rock along the fault. They can also cause compression, which leaves huge folded mountain ridges.


Divergent faults leave large rift valleys or straight faults where the plates are pulled apart. On Earth, these usually fill with water.


Centers of volcanism that don't obviously fit into the plate tectonics framework are called hotspots. Hotspots occur where plumes of hot mantle rock originate at great depths and rise towards the surface. They seem to form randomly. Hotspots do not vary much in position relative to each other; this suggests that they originate from stationary positions in the interior of the planet. The most famous hotspot is the Hawaiian island chain, which is very calm compared to explosive sites like the hotspot under Yellowstone National Park. The violence of the Yellowstone volcanic activity is due to the relatively high silica content of continental plate rock.

Plate tectonics are obvious due to they way that they shape topography. Signs they leave include many linear features, distinctly different sorts of crust with widely varying ages ("granitic" continental crust vs. "basaltic" oceanic) and at different elevations.
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In contrast, Venus has little or no distinctive linear features, very gradual changes in elevation, and is apparently all "basaltic"-- rather than global tectonics, it seems to have localized areas of compression and tension, as well as unique features like tessera, which show both compression and tension.

Venus also has many basaltic shield volcanoes, with the occasional odd cluster of pancake domes (possibly silicic volcanism). Venus seems to have convection, but is not broken up into plates, possibly because it is too hot to sustain liquid water, or possibly because it is too hot (900˚ F) for the rock to be brittle enough to form into plates.

^ Tessera on Venus (image belongs to NASA, found on http://www.windows2universe.org/)
MAGNETIC FIELDS protect a planet from charged particles, which are deadly to living organisms. They also help protect against erosion of atmosphere due to solar winds.


Fields seem to require two things: 1. A conducting fluid in the planet's interior (brine, metal, liquid metallic hydrogen, etc) and 2. relatively rapid rotation.


Of the inner terrestrial planets, only Mercury and Earth currently have magnetic fields, and Mercury's is tiny- 1% or smaller the size of Earth's.


The Moon does not have a magnetic field because it mostly comprised of rock, with a tiny solid core- the Moon is missing a lot of metal.


Surveys of older Mars rock show that Mars used to generate one, but then the core cooled. It also has a core smaller than Mercury's.


Venus rotates too slowly, with 243 days per rotation. It may never have generated a magnetic field, but there is no surface rock old enough on Venus for us to tell.


What sort of volatiles (atmospheric or liquid materials) should a potentially habitable terrestrial planet have when it forms? H2O and CO2, with nitrogen as a distant third. In the accretion disk around a forming star, the amount of volatiles available increase with distance from the star, because closer they vaporize. Atmospheric pressure and distance decides the form that water stays in (gas, liquid, ice).


In an atmosphere, molecules break apart and reassemble constantly. Atoms leak off of the top if they are fast and hot enough, especially on low gravity planets- but on all planets, they leak from the poles. We can estimate how much atmosphere was lost this way by measuring the light and heavy types of nitrogen- for example, Mars lost a lot more than either Earth or Venus.


For their respective masses and surface gravities, Mercury is deceptively dense, with a thin veneer of rock over a dense metallic core.


Venus and Mars have the atmospheric compositions expected, despite the massive difference in the density of their respective atmospheres; and neither of them have water in their atmosphere. What seems to have happened is that water stayed in Venus's atmosphere and broke apart; the oxygen bonded to rocks and the hydrogen escaped into space. Venus has heavily oxidized rocks.


Mars lost too much atmosphere due to size and mass, then was possible too far gone (the "runaway refrigerator" effect: reverse of runaway greenhouse), and all of Mars's water froze below the surface[image: image4.wmf]QuickTime™ and a
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Roughly 20-25 bars of CO2 are locked up in rocks on the surface of the Earth - CO2 dissolves in water and precipitates into rock. H2O is also locked up into rocks (about half of the total amount on Earth, with the other half in the oceans), which leaves nitrogen as the major component of our atmosphere. Life adds the extra oxygen.


3 billion years ago, bands in the iron suggest that levels of oxygen began to fluctuate. At 1.5 billion years, Earth had a 10% O atmosphere. Photosynthesis is a complex process that takes time to develop.

HABITABLE PLANETS.


The Earth and the Solar System are byproducts of star formation. Planets exist because not all materials join the star before it begins fusion. The evolution of individual planets depend primarily on mass and location; Earth is unique among terrestrial planets so far due to the fact that it is habitable and has a very strong magnetic field.


A habitable planet is a planet on which life can exist. What does life require? H C O and N are the major building materials, and they are widely available, along with the compounds that they form in the ISM. Hydrogen, helium, carbon, nitrogen, and oxygen - cold = organic chemistry. They are the most common atoms, and abundant. They are so abundant that it is unlikely that life will form based on other substances.


Aside from these building blocks, life also requires some form of energy, whether that is externally provided (forex. from the Sun) or internally (from the cooling of the planet). Earth is 1 AU from the Sun; Jupiter is ~ 5 AU from the Sun, and receives 1/25th as much light as Earth does, which is little enough that short-exposure photographs cannot be taken of Jupiter during flybys. Accessibility of sunlight places restrictions on where photosynthetic organisms can develop.


Internal heat, however, provides the energy for volcanism and chemosynthesis, along with communities that survive on chemosynthetic organisms, such as the communities found in the deep sea.


Two reasons for a hot interior are the size of the planet and tides. A large enough planet will have enough internal heat to be "active" over a long period of time. Sources of heat include accretion (the formation and solidification of the core) and radioactive decay.
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The second source is tidal energy. Orbits are elliptical, which means that planets spend a lot of their time at the far point of the orbit, where there is less gravity. Any object orbiting another object will feel a gravitational pull from that object. Very small objects that orbit closely to massive ones end up in a synchronous orbit, a 1:1 tidal lock, as the Moon is locked to the Earth. This is due to the balance between gravity and centrifugal force.

(Picture provided by Wikipedia)

The Earth gets both a body tide and a sea tide from this gravitational pull, but the sea tide is much more pronounced. Earth's seas have two high tides a day, approximately 50 minutes later each day due to how the Moon moves around the Earth. On the spring tide, the Moon and Sun line up and cause the highest high tide of the year; on the neap tide, the Moon and the Sun work against each other and cause the lowest high tide of the year. The Moon's orbit is mostly circularized, as orbits tends towards over time.
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However, the locked face of the planet always points towards the focus point of the orbit, rather than the object that the satellite is orbiting around.

This means that the Earth sees slightly more than 50% of the Moon's surface during its orbit. The tidal bulge points towards the object that is in the centre of the orbit, and there is tension between the locked face and the tidal force.

Picture from uk-astronomy.com

If a significant orbital eccentricity exists, there must be a mechanism to maintain the eccentricity, such as another planet further out in the system. A good example of this is the satellites of Jupiter. The Jovian system has four large moons, which are the Gallelian satellites Europa, Io, Ganymede, and Callisto.  Io has too much tidal heating to support life.

In conclusion, LIFE REQUIRES:

1. Building materials (H C O N)

2. Energy! Sunlight or internal (subsurface or tidal) heat

3. A liquid that will dissolve organic molecules, making them available for chemical reactions, transport materials in and out of a cell, and be involved in metabolic reactions: this liquid is H2O (since it's covalently bonded); and water is probably the only good candidate.

Why water? Water has an incredibly high heat capacity for a liquid (only ammonia has a higher capacity), which moderates temperature and prevents extremes. It also vaporizes at a high heat, and has high surface tension, which regulates the formation of clouds in atmosphere.

Water absorbs huge amounts of infrared and ultraviolet radiation. The solid form is less dense than the liquid form, which prevents global freezing because the ice floats to the surface of large bodies of water and insulates the liquid below. Water's maximum density is at 4˚C, just above the freezing point. It is an excellent solvent because of its dipolar nature; the electric charges are unevenly distributed, so it can break apart molecules without dissolving cell membranes. Different liquids would require life with unequally charged cell membranes, though other liquids such as ammonia (NH3), methane (CH4), and ethane (C2H6) have been proposed as useful even though they do not have the ideal solid/liquid density properties or polarized structure of water.

At 1 atm boiling point, water has a large gap between its melting and boiling points. Only ethane has a comparably sized gap.

A HABITABLE PLANET requires abundant liquid water on the surface, and has to be big enough at an appropriate distance from its star. Stars get brighter over time, so the planet has to be in the continuously habitable zone. The zone moves as the star moves through phases while it ages, but the exact ranges are currently all guesswork. A massive main-sequence star will have a large habitable planet zone, but they have such short lifespans that life is unlikely to form.  A cool, dim star has a long life, but a tiny zone very close to itself. Sunlike stars (F, G, K) have a good lifespan and a good zone size.

The moon is not habitable due to size. It can't hold on to liquid or atmosphere, same as Mars, but it may be necessary for life on Earth. There are also frequently gas giants in the habitable zones of other stellar systems.

