FOS Unit 1: Astronomy Project

Designing your own Solar System

Working in groups of four, you are to design your own solar system. Each group will be assigned a parent star with different properties. You will then add planets, moons, etc. You may use any research resources you wish. The goal is to have at least one planet in your solar system on which life (of some kind) can exist.

Many of the parameters of our Solar System are accidents of its formation. Thus, you are free to pick these numbers arbitrarily, albeit consistent with the definitions of the parameters:

· distance of a planet from the parent star

· shape of a planet's orbit

· rotation rate of a planet on its axis

· tilt of a planet’s rotation axis

· mass of a planet

· radius of a planet

· mass(es) of moon(s)

· radius of moon(s)

· distance(s) of moon(s) from planet
Important factors that follow from these choices, and which must be included in your reports, are as follows:

· length of "year"

· length of "month"

· length of "day"

· temperature of planet (and any variation thereof over the day and/or year)

· strength of gravity on the planet

· reflectivity (albedo) of the planet

· composition of the planet's atmosphere

Many of these quantities are dependent on each other. For example, if you love snowboarding, and so decide your planet will be perpetually snow-covered, this will affect the reflectivity which will in turn affect both the temperature and which atoms and molecules will be retained in the atmosphere; to achieve the right temperature may require moving your planet closer to its star, which will, in turn, change the length of the year and the seasons.

Assignment:

For the week of February 4-7th, you should have done some thinking about what you want your solar system to look like: number and types of planets and moons, properties you want the habitable planet to have (and not have). Meeting with your group once before the class will greatly improve your productivity in seminar this week.

For the week of February 11-14th, you should describe in a literate, four-page essay what a year on your planet is like. What does your sun look like in your sky (its size, its color, its brightness)? How do you tell time (days, months, seasons, years, etc.)? How high can you jump? What do(es) your moon(s) look like? What is the temperature on your planet and how does it vary over time? What is your atmosphere made of? Anything else of interest (plants, animals, strange rituals, etc.)?

You must attach one or more sheets demonstrating, with calculations, that your descriptions are consistent with the laws of physics and the way the real universe works (hand-written equations are fine). Pictures, maps, etc. are not required, but will count toward your creativity score.

You will be evaluated 1/3 on creativity, 1/3 on your consistency with physics (this is not a science fiction competition -- there really ARE billions of other planets in our Galaxy alone, and all obey the same physical laws) and 1/3 on the accuracy of your description and its presentation. The project is due in Seminar the week of February 11-14th.

Some useful constants and equations can be found below:

Strength of gravity at a planet's surface: 
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, where g is the acceleration (strength) of gravity (m/s2), G is the gravitational constant [m3/(kg s2)], M is the mass of the planet (kg), and R is the radius of the planet (m).

Average speed of atoms in an atmosphere: 
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, where vave is the speed (m/s), T is the temperature (K), and m is the mass of the particle (amu).
Approximate temperature of a planet: 
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, where Tp is the temperature of the planet (K), Rs is the radius of the star (m), Ts is the temperature of the star (K), dps is the distance from the planet to the star (m), and A is the planetary albedo.

Wavelengths (colors) of light from the star: 
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, where (max is the peak wavelength (m) and T is the temperature (K).
Luminosity of a (spherical) thermal emitter: 
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, where L is luminosity (J/s), R is radius (m), ( is the Stefan-Boltzmann constant [J/(s m2 K4)], and T is temperature (K).
Escape speed from a planet's surface: 
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, where vesc is the escape speed (m/s), G is the gravitational constant [m3/(kg s2)], M is the mass of the planet (kg), and R is the radius of the planet (m).

Kepler's third law of orbits: 
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, where P is orbital period (day), R is orbital separation (m), and M1 and M2 are the masses of the two bodies (kg).
Energy received from a distant source: 
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, where b is brightness (J/s/m2), L is luminosity (J/s), and d is distance (m).
Density: 
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, where ( is density (kg/m3), M is mass (kg), and V is volume (m3).
Gravitational constant:

Stefan-Boltzmann constant:

Earth-Sun Distance:

Mass of the Sun:

Radius of the Sun:

Mass of the Earth:

Radius of the Earth:

G = 6.67 x 10-11 m3 kg-1 s-2
( = 5.67 x 10-8 J s-1 m-2 K-4
dES = 1 A.U. = 1.5 x 1011 m
MSun = 2.0 x 1030 kg
RSun = 7.0 x 108 m

MEarth = 6.0 x 1024 kg
REarth = 6.4 x 106 m
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