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Abstract

The relation between the inner pressure of an atom in a solid and the density of energy of electrons under

Refined TFD theory is given.
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1. Introduction

For the structures and properties of Nano
materials, and the behaviors of the Micro and
Nano systems, the quantum effects are known §f
importance more or less. The semi-classical
Thomas-Fermi-Dirac theory is a simplified one
of those theories to treat of the quantum effects.
In TFD theory, there is no quantum tunnel effect,
i.e. there is no possibility of electrons being
checked up in the area where the potential is
bigger than the energy of the electrons. In 1990s,
Chengs proposed the refined TFD theory [1-4],
in which the quantum tunnel effect for the atoms
in solid is included and the tunnel electrons
provide a pseupotential for the system. Chengs
[5] have shown that the pseupotential will affect
the properties of materials, so that to discuss this
theory and its deductions in detail may be useful
for the study of the structures and properties of
Nano materials, and the behaviors of the Micro
and Nano systems.

In reference [6], the pressure on the atomic
surface in a solid is given by the energy density
of electrons and pseupotential under Refined

Inner pressure, TFD theory, energy density

TFD theory. In the present paper, the inner
pressure of an atom in a solid under the same
theory is given by the energy density of
electrons.

2. Main idea of derivation

According to reference [6], consider an atom
in a solid in the basic state as a Fermi ball with
radius R and with the surface charge density
oc=Q/47R*> on its surface S(R),
contributed by the tunnel electrons belonging to
this atom, where ( is the total charge of the
tunnel electrons.

Let p(r) be the pressure at r from the

nuclei. To deduct p(r) at r <R, we draw a
surface S(r)with radius » and the center at

the nuclei. The total energy E of the system
can be written as

E=E,+E  +E_,+D, (1)
where E_,E_, ,E __ and @ are respectively

in®~out *~i1-0

the energy of the part inside S(r) including the
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nuclei, that of the part outside S(r)except the

surface charge, the interaction energy between
the two parts, and the pseupotential, which
includes the self-energy of the surface charge
and the interaction energy between it and both
of the nuclei and all the volume charges. We
have

E,= [(E,+E,+EJ)dV, (@

n<r

Eaul = J‘(Ek i Ecoul r Eax)dl/] H (3)
r<n<R
R
E_,=- J‘¢(r| Jen(r,)dV, , )
®=-0%/2R, 5)

where e,

n(r),E(n),E,(n), E,.(r),
E, (r;) and ¢(r,) are the absolute value of the
charge of an electron, the density of electrons at
a distancer, from the nuclei, the density of
kinetic energy of electrons at 7, from nuclei,

that of Coulomb energy provided by all the
charged particles inside S(7), that of Coulomb

energy provided by all the charged particles
outside S(r) except the surface charge, that of
the exchange energy among electrons, and the
potential at r, provided by all the charges
inside S(7), respectively. Eq.(5) can be found
in reference [6], and the expressions of
E.(r,)and E, (r;)can be found in reference
[7].

In order to get the expression of the inner
pressure of an atom under the refined TFD
theory, let’s reduce S(r)to S(r +dr) slowly
with the volume density and surface density of
the electrons outside S(7) remaining unchanged,

while the inside S(7)
adiabatically so as to be kept inside S(r +dr).
For this process, we have

(dE),y = =p(r)dV(r)) o> Q)
V(r)is the volume included by
S(r)and the subscript ad means adiabatic.
Then we can prove that Eq.(6) can be reduced to

p(r) = _(dEin /dV(r))ad . (7)

electrons changing

where
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On the other hand, for basic state we are
considering, the energy functional (1) should
take the least value under the restriction
condition of the total number of the electrons
inside the surface S(R)

N=[n(r)av, (8)
n<R
being constant, so that by introducing

Lagrangian multiplier A, we can prove
AE (n)+E. (n)+E,(r))/ on(r)=-4.
9)
From Egs.(2), (7), (14) and the conservation
of the number of the electrons inside the surface
S(r), we can obtain

p(r)=—E (r)+ E,(r)—en(r)p(r) + An(r)} .
(10)

By substituting the expressions for E, ,E_,

and E,[7] into Eq.(9), we can get the

expression for A in detail. Substitution of this

expression for A into Eq.(10) gives the

expression for the inner pressure of the atom in
a solid

p(r)=U/)2E (r)+E. (r)]. (A1)
3. Conclusion

The inner pressure of an atom in a solid
under Refined TFD theory is determined only
by the energy density of electrons through
Eq.(11), although there is a surface charge layer
surrounding the atom.
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