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Abstract

We prove rigorously that for “bosonic matter”, if deflation occurs up
vanishing probability of having the negatively charged particles, with

cannot decrease faster than N−1/3 for large N , where N denotes the numb
matter (i.e., matter with the exclusion principle) which inflates and R nece
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The astonishment as to why matter occupies so large a vol-
ume and its connection to the Pauli exclusion principle was
clearly expressed in words addressed by Ehrenfest to Pauli in
1931 on the occasion of the Lorentz medal (cf. [1]) to this ef-
fect: “We take a piece of metal, or a stone. When we think about
it, we are astonished that this quantity of matter should occupy
so large a volume”. He went on stating that the Pauli exclusion
principle is the reason: “Answer: only the Pauli principle, no
two electrons in the same state”. In regard to this, we have re-
cently shown [2] that for a non-vanishing probability of having
electrons in matter, with Coulomb interactions, within a sphere
of radius R, the latter necessarily grows not any slower than
N1/3 for large N , where N denotes the number of electrons.
This conclusion is based on a derived inequality [2] relating the
probability for the electrons to lie within such a sphere, the vol-
ume vR of the latter and the number N of electrons:
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collapse as more and more such matter is put together, then for a non-
ulomb interactions, within a sphere of radius R, the latter necessarily

er of the negatively charged particles. This is in clear distinction with

ssarily increases not any slower than N1/3 for large N .

where a0 = h̄2/me2 is the Bohr radius, and Z|e| corresponds
to the nucleus in matter carrying the largest positive charge.
The above statement follows by noting from (1) that for a non-
vanishing probability of having the electrons within the sphere,
the corresponding volume vR grows not any slower than the
first power of N for N → ∞, since otherwise the left-hand side
of (1) would go to infinity and would be in contradiction with
the finite upper bound on its right-hand side. We also note that
N/vR gives an average density, and one may also infer from (1)
that the infinite density limit N/vR → ∞ does not occur, as the
probability on the left-hand side of (1) necessarily goes to zero
in such a limit.

The Hamiltonian in question is taken to be the N -electron
one
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where xi , Rj correspond, respectively, to positions of elec-
trons and nuclei. We have also considered neutral matter∑k

i=1 Zi = N .
What conclusion can be drawn about matter if the Pauli ex-

clusion principle is not invoked?—that is regarding “bosonic
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