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Unified expression for Fermi and Bose distributions
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Some theorems relating the Dirac 5 function to both Fermi and Bose distributions are presented in

this paper. Several potential applications of these theorems are discussed in detail. in particular, an in-

verse problem for determining the density of states of Fermi systems is solved with a closed-form expres-
sion.
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I. EXPRESSION OF THE 5 FUNCTION

It is well known that almost every expression of the 5
function has important applications in physical science.
Our theorem can be expressed as
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where FT(E,EF) is the Fermi distribution [1],
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In fact, Eq. (1) is equivalent to the following expression:
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From (4)—(6), we can conclude that

A (x,y) =5(x —y) .

Therefore, Eq. (1) is proved. Equation (1) is a new rela-
tion between the Dirac 5 function and the Fermi-Dirac
distribution.
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II. AN INVERSE PROBLEM FOR THE DENSITY
OF STATES OF FERMI SYSTEMS

Now we give an example to apply Eq. (1) to a Fermi
system. According to Eq. (1), the temperature-dependent
density of states near the Fermi level g(EF, T) can be ex-

pressed as
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where n (EF, T) represents the carrier density, i.e.,

n(EF, T)=f dEg(E, T) (9)

Therefore, Eq. (8) is a closed-form solution of the integral
equation (9). In other words, one can determine the den-

sity of states of a fermion system based on the measurable
carrier density and Fermi level. In fact, the first three ap-
proximate solutions can be expressed as
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or some degenerate Fermi system which obeys

(13)

states near the Fermi level in practice. It is not a com-
plete solution for the integrand equation (9) since essen-
tially it is an ill-posed equation; however, what we have
obtained is the most important information one needs.

It should also be indicated that Eqs. (1) and (8) can be
modified for application to the Bose system with variable
chemical potential p(n, T), which obeys the distribution
as
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In principle, the above expressions is available for metals
controlled by doping impurities. Although only the first
approximation [Eq. (11)] is taken into account, the result
is much better than previous work [2]. This method
might also be important to improve the solution for
different physical systems, such as to determine the densi-

ty of states in a space-charge-limited current case [3—5].
It should be mentioned that the author has discussed
another case for intrinsic semiconductors based on
Mobius transform [6].

III. CONCLUSIONS AND DISCUSSION

It can be expected that these relations (1) and (8) might
be useful for different physical problems, such as for the
semiconductor or nuclear systems. Notice that all the
differentiations in Eq. (8) are taken at the original Fermi
level of the system, so one only needs the data near the
initial Fermi level, and one can only obtain the density of
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respectively.
All the above expressions have important applications to
some fundamental problems in statistical physics.
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