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Solutions to Problem Set 15
(Physics 2210, Prof. Schroeder)

(a) When the gas expands, each molecule has more possible places to be, so the
number of possible states of the system (i.e., the multiplicity) increases.

(b) When the temperature of a gas increases, the average energy per molecule
increases, so the gas has more total energy. With more energy in the system, there
are more ways of arranging the energy among the molecules, so the multiplicity of
possible states is greater. (Ridiculously simple example: If two molecules are
sharing one unit of energy, then either molecule can have it, so there are two
possible arrangements; if they're sharing two units of energy, then there are three
possible arrangements, since one or the other molecule could have both units, or
they could each have one unit.)

(c) In anice cube, the water molecules are locked into a crystal lattice so they're
not free to move very far or to change their orientations. When the ice cube melts,
however, the molecules are free to rotate in any direction as well as move large
distances. So the molecules in liquid water have a much greater mulitiplicity of
arrangements than they had in the solid ice.

(d) The fall itself doesn't increase Humpty Dumpty's multiplicity, but when he lands
and breaks into pieces, there are many possible ways he could break and many
possible ways of scattering the pieces on the ground, so his multiplicity increases
greatly. And unfortunately, all the king's horses and all the king's men can't violate
the second law of thermodynamics!
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