Modeling Energy Distribution Within Two Populations of Molecules

We’ve learned previously that there is a net flow of energy from hotter objects to cooler objects. The transfer is accomplished through collisions between molecules. An object at a higher temperature has faster moving molecules that collide with the slower moving molecules of the cooler object. Though energy moves in both directions, it has a higher probability of moving from hot to cold.

Today’s activity will make use of the money analogy that we have been using for energy. Hotter molecules will possess more money than the cooler molecules. The class will form two concentric circles. The higher energy “molecules” in the outer circle will have 2 energy dollars and the lower energy molecules will have 1 energy dollar. The direction of energy transfer will be determined by the winner of the simple game, Rock, Papers and Scissors.

· Rock beats scissors but loses to paper.

· Scissors beat paper but lose to rocks.

· Paper beats rocks but loses to scissors.

The winner will receive 1 energy buck from the other person. If the loser doesn’t have any energy, none is transferred. After the turn, the outer circle rotates so everyone gets a new person to play with. The game continues until you make one complete revolution. At the end of round 1, we’ll record how much energy each molecule has, how much energy is in the inner circle and how much energy is in the outer circle. Several rounds will be played and the data will be analyzed.
Objective: Model transfer of energy between two populations of molecules

Materials: Energy dollars

Procedure:

1. The class will form two concentric circles with the same number of people. Each person on the outside gets 2$ and each person on the inside gets 1$.

2. Play rock, paper, scissors with the person across from you.

3. The loser gives 1$ to the winner. 

4. The outside circle rotates so that you play with the next person.

5. Repeat 3 and 4. If the loser has no money, no energy is transferred.
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Round 6
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Analysis of Data:
For each round, plot frequency (y-axis) vs. the amount of energy dollars. Sketch a smooth curve through the data. (Frequency = # of people with that dollar amount) For the first round or two, do a separate graph for inner and outer circle. Compare their shapes.
Questions:

1. What does the shape of the graph tell you about how energy is distributed within a population of molecules?

2. If we continued playing the game, what do you think the probability would be of everyone ending up with the same amount of money? Explain your answer.

3. This distribution is referred to as the Boltzmann distribution of energy. How do you think this might explain:

A) why water evaporates slowly?

B) why gasoline doesn’t spontaneously combust?
