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Statistical mechanics deals with a collection of a large number of identical non-interacting
particles, like the molecules of an ideal gas. Each particlecan exist in different energystates. Given
the total number ofparticles and the total energyofthe collection of particles, statistical mechanics
tries to find the most probable distribution of the particles in the different energy states.
In classical statistics of an ideal gas, the individual molecules can have all values of kinetic energy
from zero to infinity, and the most probable distribution of the kinetic energy is given by the
Maxwellian distribution. Such a distribution leads to the result that the specific heat at constant
volume of each molecule should be 3k/2, independent oftemperature. This result is in contradiction
with the Third Law of Thermodynamics (the so-called Nernst Heat Theorem), which requires the
specific heat of all materials to tend to zero as the absolute zero of temperature is approached.
After Planck postulated his quantum hypothesis to explain the black-body radiation spectrum, it
became apparent that quantization of a system is required to explain results which depart
significantly from predictions of classical physics. The specific heat of an ideal gas molecule is
one such situation.
When a system is quantized, the energy levels become discrete, and the classical assumption that
the energy can vary continuously no longer holds. In the case of an ideal gas molecule confined
to a certain volume, the separation of the energy levels will depend on the volume. In the limit the
volume tends to infinity, the discrete character of the spectrum will approach the continuous
distribution postulated by classical physics. Soquantization alone will not resolve the specific heat
conundrum.
In 1925 Pauli postulated that a given quantum state of an electron in an atom, characterized by a
complete set of quantum numbers, can be occupied by only one electron. This postulate was
eminently successful in explaining the structure of the atom and its position in the periodic table
of elements, as well as several spectroscopic phenomena. Such a postulate implies that any
quantum state with a given energy can be occupied by only one electron. This has serious
implicationsin the distribution ofthe particles in different quantum states, and, therefore, in finding
the most probable distribution of a given number of particles with a given total energy.
Fermi realized the significance of the Pauli principle in working out the statistics of a system of
particles obeying that principle. He applied it to the ideal gas, assuming that the molecules obey
the Pauli principle. He arrived at the important conclusion that thereis a zero-point energyand zeropoint pressure in such an ideal gas at absolute zero of temperature, and the specific heat of such a
gas will be proportional to the absolute temperature, as one approaches absolute zero. Nowadays
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one calls this statistics the Fermi–Dirac statistics and one applies it to the free electron gas in a
metal.
However, Fermi was wrong in assuming the Pauli principle to be valid for all gas molecules. In
his paper, the translation of which is presented below, he has stated that the pressure in a gas of
non-interacting helium atoms will deviate by 15% from the result of classical statistics at 5K and
10 atmospheres pressure. The connection between spin and statistics came later. We now know
that atoms which have a total spin quantum number (including nuclear spin) that is an odd half
integral multiple of h/2S, obey Fermi–Dirac statistics, while those atoms which have a total spin
quantum number that is zero or an integral multiple of h/2S, obey a different quantum statistics
called Bose–Einstein statistics. The commonly occurring isotope of helium is 4He which obeys
Bose–Einstein statistics and not Fermi–Dirac statistics. So Fermi’s calculation of zero-point
pressure for helium gas is erroneous. However Fermi’s result will apply to the rare isotope of
Helium, 3He, which obeys Fermi statistics.
At low temperatures and pressures, which are normally used, the interaction between the atoms
will produce deviations from the ideal gas laws which will swamp the predictions of quantum
statistics for an ideal non-interacting gas.
It is now possible, using laser cooling, to produce a cloud of atoms at a pressure of 10–10 mbar or
less and at temperatures of a few nano Kelvin so that quantum degeneracy effects can be studied.
The low density of the gas reduces the effects of interaction between the atoms to insignificant
levels. Studies have been made both on atoms obeying Bose–Einstein statistics and Fermi–Dirac
statistics to measure quantum degeneracy effects and compare them with the theory of noninteracting molecules.
I consider it a privilege to have been given the opportunity to translate Fermi’s epoch-making
paper and to write an introduction to the readers of Resonance.
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Quantization of an Ideal Monoatomic Gas1
E Fermi, Florenz
(Received on 24 March 1926)

1

See the provisional communication, Lincei Rend (6),3,145, 1926.

* Please note: the correct equation (1) is c = 3k/2
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2

See for example A. Einstein, Berl. Ber. 1924, page 261; 1925, page 318.; M Planck Ibid 1925, page 49.
Our method as well as that of Einstein abandons the idea of statistical independence of the molecules.
However the type of dependence in our work differs completely from that used by Einstein. The end result
for the deviation from the classical equation of state in our work is found to be opposite to that in the work
of Einstein.
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3

E. Fermi, Nuovo Cim. 1,145,1924.

4

W. Pauli jr. ZS. F. Phys. 31, 765, 1925

5

E.C. Stoner, Phil.Mag. 48, 719, 1924.

6

See for example F. Hund , ZS.f. Phys. 33, 315, 1925.
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* Now these equations are represented as :
Qs

CNs

P =Q0 CN0 Q1 CN1 Q2 CN2 : = ¦Qs CNs
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