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The solution of the Boltzmann Transport equation for thermal conductivity is very difficult. In a large
number of books the method given is very tedious. So Now , We have calculated a simple solution of
the Boltzmann Transport equation for thermal conductivity assuming relaxation time is independent

Copyright © 2016, Singh et al. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Boltzmann Transport equation in Non-equilibrium state”, International Journal of Current Research, 8, (04), 29353-29356.

[ Citation: Singh, H.S., Rohitash Singh Shekhawat, Neha Sengwa and Rohitash, 2016. “The solution of thermal conductivity of a free electron gas by ]

INTRODUCTION

Statistical behavior of thermodynamic system is described by
Boltzmann transport equation when the system is not in
thermo-dynamical equilibrium. Boltzmann equation refers to
any kinetic equation that describes the changes of a
macroscopic quantity in a thermodynamic system. In
macroscopic scales where the gas and fluid are regarded as a
continuum, their motion is described by the macroscopic
quantities such as macroscopic mass density, bulk velocity,
temperature, pressure, stresses and heat flux. Boltzmann
equation can be use to determine physical quantities like heat
energy, momentum, thermal conductivity and electrical
conductivity (Encyclopedia of Physics, 1991). These physical
quantities depends on a distribution function which is defined
as the average occupancy f (p, r, t) of a point in phase space is
called distribution function. The distribution function may
change as a result of the scattering, the flow of electron in real
space determined by their velocity (v) and the flow of electron
in K-space, which is determined by the time derivatives,
momentum (P) (Michael Shur, 1995). For the thermal
conductivity of free electron, it is necessary to assume a
sample in which there is no electric current but in which there
exist a temperature gradient.
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The distribution function at any point is characterized by the
local temperature and must be regarded as a function of
position as well as energy (John and Kelvey, 1966; Smith,
1961; Agarwal, 1998; Kittel, 1996). Let us consider a metallic
specimen with temperature gradient dT/dx along x-axis. In
the measurement of the thermal conductivity, the experimental
conditions are such that the electric current in the metal is zero
but not the electric field EQ. The temperature gradient produces
a drift velocity of the electrons, and a small electric field is set
up such that the electric current in the metal is zero. Thus the
Boltzmann transport equation, besides thermal gradient
dT /dx, includes a term containing an electric field Ey. The
Boltzmann Transport equation is given by
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In the relaxation approximation, the Boltzmann Transport
equation is given by
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Where f,and f are equilibrium distribution function and non

equilibrium  distribution function respectively. 7 s
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momentum relaxation time. This relaxation time is assumed to
be a function of wave vector or a function of the electron
energy. This Boltzmann transport equation may be regarded as
the continuity equation for the distribution function.

The Boltzmann transport equation along X-axis under the

steady state and under the condition (f -/ Oj << 1, is given by
T
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The electron gas in metals obey Fermi-Dirac distribution

function and temperature gradient occurs along the x axis. If

fo is equilibrium Fermi-Dirac distribution function so this

function is given by

1
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Where ¢ ’ is Fermi energy and [? is statistical temperature.

Now
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The values of equation (5) and (6) substitute in equation (3),
we get

f=fyrm, @;{[ TFJZWEO}

In the presence of electric field and temperature gradient, the
gas is in non-equilibrium state. Now the number of occupied
electronic states per unit volume is given by

D(g)=2 i—’: (2m)% 5%

The number of electrons at absolute zero temperature is given
by
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By the use of equation (8) and (9) we can write
Dle)= 2 NGe, ) 26
............................. (10)

The thermal current density Q, along the x-axis with kinetic
energy and velocity v, of electrons is given by

0, = Tvxst (e Me
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By the use of equation (7), we get
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Since, average of sz is taken over the Fermi surface.
Vj :E ........................................... (13)
p? =28
m
By the use of equation(13) we get from equation (12) as
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Consider a general form of equation as
I, = lgféj.rg v S0 g,
m 0 0F (16)
v=1273.
Then the solution of equation (16) is given by
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By the use of equation (15) and (16) we get
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0. = (A—I]dT+qEI
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The electric current density along the x-axis is given by
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By the use of equation (7), we get
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By the use of equations (10),(13) and (19) we get
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By the use of equation (16) and (20) we get
J. =¢q i——I1 dT+q E.q,
roroJdc Co 1)

But occurence of temperature gradient the current density (Jy)
is zero

Thus we get from equation (21) as
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Now on substituting E, in equation (18) we get
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And at Fermi surface, & = &, by the use of equation (17) we
get
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Now
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2
I, :i{TF +”—(kT )szgf}
m 8

N 57’ L
I, :;{ FEF 3 (kT) TF5F1:|
Now
bl e 6 2 ]
1, £ - 8 p

]

2 2 2
£ty 2]

| Ep 4 &

2 2
L _ N g, ;{1+ 9 z(sz) } ............ (25)
I, €F
Again
L=y {TF 2. BT r )2”} ................ (26)

12 2
3_72:E TF“i"'g(kT)sz _ETF‘CJ; 1+2”2 (kz;)
m 24 m 8

Er

1, 3m
2 2712

L Neke o 7)
1,)T 3m

By the use of equation (23) and (27)
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By the definition of thermal conductivity
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From the equation (28) and (29) we get expression of thermal
conductivity

_ Nkt T
3 (30)

K

Where N is concentration of electron,
This is the thermal conductivity.
This derivation is derived on basis of constant relaxation time.

RESULTS AND DISCUSSION

The Equation (30) is used for study of metals and
semiconductors.  Thermal  conductivity depends on
temperature. At very low temperatures impurities and defect
scattering is dominant. In this study relaxation time is
independent of temperature but, at high temperature the
phonon scattering is dominant (7). The approach of Boltzmann
transport equation is followed to describe the transport of
charge and kinetic energy of electrons by a statistical
distribution of mobile electrons behaves like an electron gas.
Therefore, the behavior of the electronic contribution to the
thermal conductivity of metals is depends on temperature.
Thermal conductivity expression is also used in calculation of
Lorentz number.

Conclusion

In this study the relaxation time is kept constant. The equation
(30) is valid for Fermi surface.
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