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- Start with a charged particle in an electric field in a
substance

E— Scatterers => 1/t - The particle is accelerated by
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Newton's 2nd Law gives
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-Motivation — to simulate the Boltzmann transport equation
(BTE) and to see how it's possible to reproduce the above
result

- The BTE has the form:
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- Making use of the relaxation time approximation with t as
the scattering time, we write
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where Ta =T — 1, } adeviation from equilibrium

and neglecting the 2nd term; i.e., taking f = T(P,t) where
p=mv
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First numerical way
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- We work with the following units (typical)

mean free path: & ~107'm
rms speed: Vo ~ 900m/s

time: t = > =240 sec | m ~ 10u =10.6x10 *'kg
b

energy: &, =my, = 2.65x10*J =16.5meV

temperature: T,= % ~ 102K

force: Fo =_>=265x07"N thus qE = cF, and for E ~10°V /m
b

then: 0 <c < 0.6 (a measure of the E field)

However, this method breaks down.



- The Drallos and Wadehra Method - a different approach
They noticed that the form of the BTE

of (V, 1)
dt

Or, multiplying by At and adding f(v,t), to both sides,
using AV = aAt

+d-V, f(V,t)=R(V,1)

f(v,t)+(At§+Avﬁv) f(V,t) = f(V,t) + R(V,1)At

can also be obtained if one expands a function of two

variables f (v,t) to first order; 1.e., In the form
f(t+ALV +AV) = f(1,V) + f(LV)AL+ f, (LV)AV, + f, (t,V)Av,
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or
f(t+At,V+AV) = f(t,\7)+At§ f(t,V)+AV-V, f(t,V)

and noticing that this means that,
f(t+At,V+AV) - f(t,v) 0 f(t 7+ 2V (V)
At
dv

so that in the limit as At — 0, with a—a, we get

%f(t,\7)+a’-vvf(t,\7)=R(t,\7)
with
f(t+At,V+AV) - f(t,V . .
R(t,v) = lim ( A )= 1LY (atj «our collision term!




- Application of the Drallos and Wadehra (DW) Method
Solving the BTE then is equivalent to solving

f(t+At,V+AV) = f(t,V) +R(t, V)AL
In our case, we write
fi+1’j = fi’j + Ri,jAt,With R, = —(fi,j — f_oo,j)/r

with arrays (with M and N suitable integers):
t,—0
M ]
for later times shift v according to
qgE

Vi = Vit AV, where AV =- At

B Vmin

0<t<t,with dt="" and -v,, <v<v,,, With dv=m e

so that for every fiiujthere is a Vi+1,j which corresponds to
obtaining f(t+At,v+Av)which is plotted versus v for every t

BC's

f(t=0,v)=

At t=0 (initial), 27T,
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At t=c0, (final), f(t=cov)=

Where,
Vg = drift speed (input), (Z), =0, (Z)=L, T,=50K, T.,.=800K



Finally, after obtaining f(v,1) , the average velocity as a
function of time is

o0
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which is compared to

Simulation #1 - First method (Not so good)
Boltzm_applet_ App.htm

Simulation #2 - 2nd Method (DW - better)
Boltzmn applet App.htm

These and other java applications are found at:
http://www.westga.edu/~jhasbun/osp/osp.htm



http://www.westga.edu/~jhasbun/osp/osp.htm

Conclusion

- The OSP library has been beneficial in both teaching and
research

- The Java programming environment has been found to be
versatile in many applications. The present is only one
example of its power.

- It Is expected that the OSP project will become even more
friendly as contributors improve the currently available
library and more applications are made available to the
scientific community.



