Physics 140B, Winter 2010
Midterm exam
Feb 16, 11:00 a.m. — 12:20 p.m.

Notes: (i) Attempt as many questions as you can.
(ii) All questions may not be of equal value!

1. (a) Show that the Debye temperature of a solid is given by the formula
©p = (hc/k) (BN / 4x\)',

where the various symbols have their usual meanings; note that the symbol ¢ here
stands for the speed of sound waves --- both longitudinal and transverse.

(b) For copper (atomic weight 63.6), the mass density p is 8.95 x 10° kg.m™ while
the speed of sound cis 2.24 x 103 m.s™. Using these data, determine ©p for copper.

2. Consider a gas of N identical atoms trapped in a magnetic field such that they
behave like indistinguishable simple harmonic oscillators obeying Bose-Einstein
statistics. The energy of any one of those atoms is given by the expression

e=p?/2m+ (112)KP,
so that they all vibrate with a common frequency
v = (1/2x) (KIm)'2.

(a) Show that, at low temperatures, this gas undergoes the phenomenon of Bose-
Einstein condensation, with

Ts ~ (hvik) N3,

(b) Next, determine the manner in which the condensate fraction No/N and the
specific heat C, of the gas vary with T--- when T<Tg.




3. The Helmholtz free energy of a non-relativistic Fermi gas at low temperatures is
given by the expression

F= (3/5)Ner[1—(5a°/12) (KT / &g)? + - ],

where ¢f is the Fermi energy of the gas; note that ¢ o (N / V)22

(a) Using this expression for F, derive the corresponding expression for the chemical
potential u of the gas.

4. Consider an electron gas with particle density n. Determine the numerical value of
n for which the Fermi momentum pr of the gas is equal to mc, where m is the rest-
mass of the electron and c the speed of light.

What is the corresponding value of the Fermi energy «¢ (in units of mc?) and the
Fermi velocity ve (in units of ¢) ?

5. Using Maxwell’s relations, show that for a magnetic system

(8CH/OH )t = T(FM/AT? ).
Apply this result to a paramagnetic material in the Curie regime and show that, in
this case,

CH=CH?/T? +f(T),

where C is the Curie constant and f (T) an unknown function of T .
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