Chapter 6

Quantum Fermi and Photon Gases

6.1 Free-Electron Gas

Firstly, let us consider the limiting case (T=0)
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Let’s consider the case (17"~ 0)
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Qualitative argument (7" ~ 0)
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e.g. Conduction electrons in metals

Valence electrons (conduction electrons in metal)
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typical T of metal?
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.. at room temperature (300K), TZF ~ 1072 — the electron gas is highly

degenerate
6.2 Photon Statistics (Black Body Radiation)
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Any malerial cavity evacuating heating A cavity

The atoms in the wall of this cavity will constantly emit and absorb electro-

magnetic radiation.
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In equilibrium, there will be a certain amount of electromagnetic radiation

in the cavity, and nothing else.

Note that if the cavity is sufficiently large, the thermodynamic properties of
the radiation should be indep. of the nature of the wall. — We can choose

any bdry. condition that is convenient.
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photon: Energy=hw
Momentum=hk , k = w/e
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o A eFo] gt} — photon: boson

Since atoms in the wall can emit and absorb photons, the number of photons

in a cavity is not definite.
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u(w,T) - dw: energy density due to photons whose frequencies lie bet. w and

w + dw — radiation formula of Plank
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Note that C is not bounded as T" — o0



How to check these facts experimentally?

Effusion through a small hole

v
radiation

I(T): the amount of total energy per second per unit area

® (No. of particles per unit area per Second):i n-V
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Can N be a representative value about N?
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.. fluctuation can not be neglected

.. No. of photon is indefinite
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