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ABSTRACT. Using technics of probability, it can be predicted the motion
of a particle under the influence of an electric field. For different types of
electric field, can be found different types of conditions, all involving Bessel
functions.
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1. INTRODUCTION

The motion and the evolution in time of a charged particle on a linear chain
of m sites are given by Schrodinger equation:
— ;pdv@®>
H[{(t) >= ih==;

where |(t) >= X,,¢,,(t)|m > is the wave function expressed as ca linear com-
bination of Wannier states |m >, ¢, (t) =< m|i, () > are the time-dependent
amplitudes.

The Hamiltonian of this system is:

H(t)=VX>®__ _(Im ><m+1]4+|m—+1 ><m|)—eE(t)aX>___m(|m >< m|)

The Schrodinger equation becomes:
iClccl—;n = =Ef(t)men + V(emtr + 1)

where £f(t) = eaE. We find the solution of equation for arbitrary f(¢) and
use it to examine ,for different cases,two observables. The first observable is
the probability propagator

U (t) = em(t)]?
which gives us the probability that the particle is at site m, at time t, given that
it was at site 0 initially. The second observable is the mean-square displacement

<m? >= 3, m*,(t)
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2.RESULTS AND INTERPRETATIONS

Using the discrete Fourier transform, we get:
ck(t) = Se e, (t)
The equation becomes :
88—65 + 2iV coskc® = Ef(t)aa%:

Using the method of caracteristics, we get :

dt _ _ dk dck

1 = —Ef(t) — —2iVcos(k)ck

The solution is:

Ck(t) — Ck+£n(t)e2iV[sin(k)V(t)fcos(k)U(t)}

where:
n(t) = [y f(t)at
U(t) = [y cos€(n(t) — n(t'))dt
V(t) = Jy sin€(n(t) — n(t'))dt
Using

AV (D) — 0 (9 (1))eikn
e=2VeosUWM) = Y00 1 (9T (¢))etmhinG
where J,(z) is the Bessel function of the first kind and order n, we get:
em(t) = Tyen (0)e™ 0 (— GO 2 T 2V (VA (1) + U2(1)) 2]
We notice that:
U2(t) + V3(t) = u?(t) + v*(1)
where

u(t) = [ sin[En(t)dt', v(t) = [ cos[En(t)]dt’
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So
U (1) = lem? = T2V (¢) + u?(2)]2)
< m? >=2V2[v%(t) + u?(t)]
Case 1f(t) = sinwt.Then

;_ 1— t
f 0 dt —COSW

u(t) = fg cos[En(t)]dt' = tcosE Jo(£)

u(t) = [} sin[En(t)]dt = tsin€ Jy(£)

Let be:

A(t) = u(t) — tecosE Jy(£)
and

B(t) = v(t) — tsinE Jy(£)
Then

Um(t) = I [2V (u(t)? +0(1)?)?]

[N

£ sin
— JA[2VH( LU o g (£) 4 p 2l PO g (£))

]

We notice that ¢,,(t) is dominated by ¢, excepting the case Jo(£) = 0.
Also,

< m? >=2V2[u?(t) + v3(t)]

cos& sin€
— V2RI . J3(E) o Al B g 2]

The conclusion is that we have dynamical localization if and only if g
is a zero of the Bessel function of the first kind and order 0.
Case 2 f(t) = acoswt — b. Then

fo tdt' = 2 sinwt — bt
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u(t) = f(f cos[En(t)|dt' = f(f cos| gasmwt’ bet'|dt’

fwt=717=
u(t) = %f:t cos[‘g sinT — @T]
For wt = 2nm =
u(t) = 5= OQM cos[Esint — 1] = tbe(f),if ¥ eN
Also
v(t) = f sin[En(t")|dt' = fo sin[“E sinwt’ — bE']dt!
fwt=717=

v(t) = éf:t cos[%sim- — %T]

For wt = 2nm =

v(t) = 5= OQM sin[£2sint — ¥1] = 0
Let

Au(t) = ult) — tJue (%), A (t) = v(t)
Then

NI

Um(t) = JoQV[U* (1) + u?(1)]2)

= TAQVIAL(E) + A%0) + 2% () + 2AA(0) + A, (0)]t Tue (4)])

w

:Jgn(QVt[A%(t):;A (t) —|—J (Ug)+2Au(t)—:Av(t)J£(%)]%)

w

glee

and
<m? >=2V2[u?(t) + v3(t)]

2 2

w
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We notice that 1,,(t) and < m? > are both dominated by t , except the
case when Jue (%) = 0.

So, we have dynamical localization if and only if % is a zero of the Bessel
function of the first kind and order %

w @ il LU w @ il LU

a)a="7.1 b)a=38

Fig.1: The probability propagator v¢(t) for g =1 for b = 1 and different
values of the parameter a.

u @ il woom

Fig. 2: The probability propagator () for g =1for b=1 and for a = 5.5,
a ="T7.1, a = 8, simultaneously.

All the curves are decaying, except the case when Jue (%) = 0 and this is
the phenomenon of dynamic localization.
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