MIDTERM 1
Physics 219A, Spring 2014

Do only three of the four problems!

[1.] Consider a classical system which has three energy states £y < E; < E3. Assume
E3 >> E,, E,. That is, two of the levels (E; and F,) are fairly close together, while Fj is
much higher.

{(a) Sketch py, ps, p3 versus temperature 7.

(b) Sketch { E') versus temperature 7",

(c) Sketch C (specific heat) versus temperature T'.

(d) Sketch S (entropy) versus temperature 7.

Comment briefly on the structure of each of your figures.

[2.] The ideal relativistic gas.
(a) Calculate N(E) = [dI'6(E — H) for N free classical particles with

H= ZCPl-
i

(b} Find the equation of state and the specific heat.
(¢) Find the single particle momentum distribution function.

[8.] What is the specific heat for a two level system with energies F; = 0 and E; = A?
One of your fellow graduate students discovers a new material with specific heat C(T"} oc T
at low temperatures, and asks for you to provide an explanation in terms of a collection of
independent two level systems with some energy-spacing probability p{A) o< A*. What do
you tell her the power & would have to be? (Provide a calculation, not just a number.)

[4.] An atom of mass m is placed in a three dimensional cubic box with sides of length L.
Treat the atom classically.

(a) What is the Hamiltonian?

(b) What is the partition function?

(c) What is (£') 7

(d) What is the specific heat at high and low T'7 Explain your answer physically.
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