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Abstract In this work by using the new concepts of nanothermodynamics as well
as the exact definitions of intensive and extensive thermodynamic properties a new
mathematical interpretation of these properties has been proposed. It is demon-
strated that Euler’s homogeneous functions with a non-integer order can define the
thermodynamic functions of the nonextensive systems.
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1. Introduction

Non-extensive thermodynamics [1] is a new branch of thermodynamics that has
a close relation to nanothermodynamics [2-6]. It is used to study of those physical
systems that have not the property of extensivity. Rigorous definitions have been
made to present this property from thermodynamic point of view [7,8]. Thanks to
Tsallis [1,9] for his pioneering work on the new entropy definition, which could be
written as:

Sq = k
1−

∑W
i=1 pq

i

q − 1
; (

W∑
i=1

pi = 1, q ∈ R) (1.1)

where q is entropic index parameter, k is a positive constant (Boltzmann’s constant),
and W is the total number of microscopic possibilities of the system. Depending
to values of this parameter different cases exist. For q > 1 we have subadditivity
(subextensivity), q = 1 goes back to additivity (extensivity) and q < 1 represents
superadditivity (superextensivity) [1]. In case of q = 1 ordinary thermodynamic
relations will be recovered which is the basic formula of Boltzmann for defining
entropy:

S = −k
W∑
i=1

pilnpi (1.2)
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2. The Euler’s Homogeneous Functions and Their Applications to
Thermodynamic Properties

Consider a function f(a, b, x, y) which is homogeneous to the degree h > 0 in x
and y and to degree 0 in a and b. By definition, if the variables x and y are each
multiplied by a factor k, the value of f(a, b, kx, ky) will be increased by a factor kh.
Thus, for any value of k, we have

f(a, b, X, Y ) = khf(a, b, x, y) ; (X = kxandY = ky) (2.1)

In conventional thermodynamics there are some functions of interest of us that
are special cases of homogeneous functions. In particular, these functions are either
homogeneous to the first degree in mass (extensive) with h = 1.0 or homogeneous to
the zeroth degree in mass (intensive) with h = 0. The arbitrary multiplier, k, will
always be equal to the mass or moles of the system, N (or 1/N as the case may be).

3. Concluding Remarks

There are experimental observations [10] that show various thermodynamic prop-
erties such as entropy have dependence to the number of atoms. This important
point shows that entropy of a small number of atoms is no longer an extensive ther-
modynamic property or from mathematical point of view this property is not a first
order Euler homogeneous function. It means that h in equation (2.1) differs from
unity. In this work we propose a real number for h. Further experimental data
would be needed to determine the exact numerical value of this parameter as well
as its probable universality.
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