Homework #1: Gravity and kinetic theory of gases.

Please cite your sources wherever applicable, for instance, when looking up masses of planets, stars, etc. Give your answer in SI units, as well as units that are more “useful,” e.g. instead of writing 86,400 seconds, you can also write 1 day. 

1. Using physical data for Uranus and its moon Miranda, answer the following questions:

a) What is the mass of Uranus?

b) What the magnitude of Miranda’s acceleration due to its orbital motion around Uranus? 

c) What is the acceleration due to gravity at Miranda’s surface? (i.e. g for miranda, where Earth’s g = 9.8 m/s2)

d) Do the answers to parts b and c suggest that an object released 1 m from the Uranus-facing surface of Miranda will fall “up”? Explain.

2. Look up physical data for the star 70 Virginis, and use these data in this problem. There is a large planet (mass = 1.3 x 1028 kg)  now known to orbit this star. The planet is attracted to this star by a force of 3.3 x 1026 N, when their centers are separated by a distance equal to the semimajor axis of the planet’s orbit. 

a) calculate the semimajor axis of the planet’s orbit. 

b) What is the period (in days) of this planet’s orbit?

c) Another planet may also orbit this star. If its orbit is circular and has a period 8 times that of the known planet, what is the radius of that planet’s orbit? 

3. Find the escape velocities for Venus and Mars, and compare them to that for Earth.  Considering that Venus has an atmospheric surface pressure of 90 bars, is there anything strange going on there? What might it suggest about its atmospheric composition (assuming you could not just look this information up)?

4. A significant amounto fheat is lost in cold weather simply via breathing. On a cold winter day when T = -20oC, estimate the amount of heat needed to warm a lungful of air to body temperature. Assume a “lungful” is 0.50 L and look up the other data you need. How much heat is lost per hour if the respiration rate is 20 breaths/minute? 

5. To save water, camels can allow their body temperature to drop to 34.0 oC overnight and rise to 40.0oC during the day.  Calculate how many liters of water a 400-kg camel would have to drink if it was to keep its body temperature at 34.0 oC by evaporation of sweat (water) for a 12-hour day, instead of rising to 40.0 oC. You can assume that the specific heat of a came is the same for a human, 3480 J/kg-K. The heat of vaporization of water at 34.0 oC is 2.42 x 106 J/kg. 

6. You intend to warm up some ice water, so you place a 1.00-kg copper pot on the stove, and turn on the burner. However, you delay pouring the ice water in for a few minutes, and the pot becomes very hot, T = 400oC. Then you suddenly dump in 0.500 kg water with 0.100 kg of ice cubes in it, and turn the burner off at the same instant. 

You can safely assume the following:

· the process is so fast that there is no heat radiated to, or absorbed from, the environment

· no steam is formed before the contents come to thermal equilibrium (in reality, some steam would sizzle, briefly, as soon as the water hit the pan)

· the pot and its contents come to thermal equilibrium with each other

· initially, the ice and water are in thermal equilibrium with each other, at 0oC
Give the final state of the ice/water mixture: does all the ice melt? If there is any water left, what is its temperature? Does any steam form in the process? If so, how much, and what is its temperature?

7. Smoke particles suspended in air have typical masses of 3x10-16 kg. Brownian motion is caused by these particles bumping into air molecules. Find the rms speed of a smoke particle in air at 300 K. Would the rms speed be different if the particle were in hydrogen gas instead of regular air? 

8. For molecular nitrogen, what must the temperature be if 94.7% of all the molecules have speeds less than a) 1500 m/s, b) 1000 m/s, c) 500 m/s? Extrapolate from the table below:
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