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Name____________________________________

There is a spreadsheet named “maxwell.xls” at the course web site. Use it, as needed, to answer the questions below.

1. The spreadsheet calculates and plots the probability density of the speeds of the particles in a Maxwellian distribution for 500 different speeds. It is set up for nitrogen at 300K, but both the temperature and molecular weight can be changed.

a) Set up the spreadsheet to calculate the probability that a molecule has a speed less than or equal to any chosen value of speed. This can be done by integrating the plotted function from v = 0 up to any value of v. Do this numerically with the trapezoidal rule. In cell C10 enter: =(A10-A9)*(B10+B9)/2. Then copy the formula into cells C11 through C509. Then, in cell D10 enter: =D9+C10. Copy this formula into cells D11 through D509. Finally plot the values in cells D9 through D509 vs. those in A9 through A509. This is a plot of the probability of having a speed less than v vs. v. Sketch the graph.

b) What fraction of the molecules have speeds greater than the average speed?

c) Do you think that the answer to b) depends on the mass of the molecules? Check by changing the molecules to hydrogen (m = 2 amu). What fraction of hydrogen molecules have speeds greater than the average speed?

d) Do you think that the answer to b) depends on temperature of the gas? Check by changing the molecules back to nitrogen (m = 28 amu), and setting the temperature at 600K. What fraction of nitrogen molecules have speeds greater than the average speed?

2. Our sun produces energy by nuclear fusion. In the basic reaction, two protons collide, fuse, and produce energy. However, they must get close enough to react. That means that they must overcome the Coulomb repulsion due to their positive charges. A simple calculation shows that protons with about 200 keV (2.0 ×105 eV) of kinetic energy can get close enough to react. The temperature inside the sun is about 1.5 ×107 K (for this temperature, kT = 1.3 keV).

a) What is the average speed of protons in the sun?

b) What is the speed of a proton with kinetic energy of 200 keV?

c) What fraction of the protons in the sun have speeds equal to or greater than the answer to part b)?

d) Don’t panic! Your answer to c) is (probably) correct. There are not any protons to speak of with such speeds. The protons actually get close enough to react by tunneling through the Coulomb barrier. Above about 5.0 keV, the probability of tunneling begins to be a factor. Find the speed of a proton with kinetic energy of 5.0 keV.

e) What fraction of the protons in the sun have speeds equal to or greater than the answer to part d)? (Only about one in every 1026 proton-proton collisions in the sun results in fusion.)

Turn the paper over. There is more on the back.


