
Transport
In the equilibrium states we've studied, there

is noerent flowing. Particles themselves are

whizzing around in , e .g ., an idealgas, but
there is no netsport of particle number

across the entire system. Let

fir , p , / drdp =

# particles with positions within
dir of 8 and momenta within

dip of p at time t

In equilibrium , number density

5
, p, t) =(p)= -BYzmhT

This is the Maxwell dist *. The local number

density is n/r . t) = Jd3pf,, t) . Thus in
equilibrium we have nrit) = 1

,
a constant.



Events

The particle number current is given by
j(v, +) = Sap f(r,p, t)F(p)

- velocity:the energy current is
↓
energy

jcrit) = Japflip.+Epip
For ballistic particles , <Ip==
Thermodynamics says dq = Tds = de-pdn
where sig,n are entropy, energy, and number

densities
, assuming /al equilibrium . (Don't confuse

E and ciph . ) We define the heatcurrent,

Jar, t) = je(t)-yj(, t

and the entropy current,

Is 18,H = jq1t



If fr,p,t) = f (p)
,
then j : jc : jg = j5 = 0.

No current flows under equilibrium conditions.

Fransportcrefficients

Suppose the temperature Tir) is spatially varying
This means that a deleuilibrium is established

everywhere in space . This results in the presence

of currents which seek to establish a global equo.

Particles adjust to the local equilibria through

scattering processes . Consider some intensive quantity
whose local thermodynamic value isplit. For

example , we might take (1 = <E7:·
Now let's

compute the -current , Jd . For simplicity , we
assume 4 : $121 . Then

ja = nES&r Plitre $1z-lcrsPl
ro

+ nEJd'r PlrItz@(z+ lcosO)
& current across dz=o surface V+ <0



Here

P() :+e- millst
is the Maxwell velocity dist" and I is the

mean free path ,
which is the average distance

between collisions. Note cost = 02/r . Expanding

↓ (ztlcs4) = P(z) = 176'(z) + ... and thus

Id =-P-
with = (8hpT/m)" is the ana particle speed.
If $(z) = &(TI) , then

ja =-n = - k5T

where k = jnl
isaansportefficient. If b : <)

,
the

average energy per particle , then



=
. local eqbe at fixed p

Thus
, Ja = -15+ with K = Intrcp af.

We call i the Inermalactivity-

~clation of the mean free path

Ang relative speed of 2 particles :

Fre :S :Sar/dr'P(p()=
*

Then set norvel I = 1 where

o : total scattering cross section

I : scattering time

Thus
, E = nFrelO - tH=R

The mean free path is l = z= = /not

Graphic argument :
on any / particle
inside this

- >want/I cylinder



More generally,
Pr,1= nolm-ETME
=> n(r) = neM(=/UBTH) :

N = n
.JareM/BT()

z = dViscosity V=V
=>I
->

IWith $ = <px) = mV, (z) -jpx>
we obtain ↳

2
J = -Enml=
where : Jumbo is thelarvicssity
The drag force on the top plate is

Farag = -yAL
Units of shear viscosity : (n)= : F
MKS : (p) = N = P shear

modulus
↓

O -> F Fshear = -GAONote in solidsIT
.

=-GA


