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Abstract

The Wei-Norman algebraic method is used to solve the evolution of electron in two-
dimensional cases in this letter. We show that the coherent states of electron in two
dimensions can be generated by the interaction of electron with a certain type of

external elecéromagnetic field.

There is much interest in the behaviour of electron in two dimensions at present. A main

reason for this is that investigating the motion of electron in two dimensions is essential to

understanding the quantized Hall effect!! =2},

In this letter we consider an electron in a two-dimensional plane x pierced everywhere by

a strong stationary magnetic field B = B¢, normal to the plane x. If we apply an electric

field £ = E(t)¢, perpendicular to B and let it change slowly so that the inducted magnetic

field can be neglected in comparison with the strong magnetic field B, the electrons in certain

initial states will evolve into the coherent states of an equivalent harmonic oscillator!®l, These

states are called the coherents of electrons.

The Hamiltonian of our problems is

_ 17, yeB12 1 ,, eBS,
BO) = oo+ 2] 4 p

—cE(t)y,

where we use the Landau gauge A = (—By, 0, 0).
Now, assuming _
i
¥(0) = 4(y, 1) @ exp 172 2] ® 2 (m)
and substituting it into the Schrodinger equation
ino-w(t) = H(OW()
we obtain
., d o
'h'a—t'¢(y1 t) = Heﬂ'(t) '.¢(yy t) )
where the effective Hamiltonian is

1 1 1
fleﬂ(t) = -2-;;‘-ﬁ3 + Emwz(y - yo)2 - E(t) ey + € — Ehw, ,
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where

_ B _ _¢pa g _ hws _ eBhm,
27 me ! Yo="%B"’ 0~ 7 em

Equation (4) is formally identified with the Hamiltonian for the forced oscillator along the

axis y.

Using a canonical transformation

A= [mws(y — yo) + 16y]

V2mhwg ’

At = [mws (y — y,) — ify]
2mhwg ’

(8)

that satisfies [A, AT] = 1, the above Hamiltonian can be expressed in a normal form

Heg(t) = hws AT A + f(8)[AT + A+ A(t) + & (6)
where
O = —eBO\ ) M) = e Bl

B

For the case with E(t) = 0, the eigenvalues of this effective Hamiltonian (6) are
E, = hwyn+ &, n=0,1,2---, ) (7)

which are called Landau levels!4!. The eigenfunctions corresponding to the energy levels E,
are easily written as

bols) = ol = L2202

_=exp[ é(y )" [\/7(31 yo)]

We define the coherent states of electron as

(8)

|2, Pz, ms) = g(t) exp [;_L—.pzz]z,}(m,)lz) , (9)

where z € the complex field €, and

) = explzA* = Allo) = =12 > L (10)

n=0

is a coherent state of the equivalent harmonic oscillator
f{o = th+A + €0 .
It will be shown that the solutions of the Schrédinger equation subjected to the time-dependent

Hamiltonian H.g are just the coherent states of electrons as defined above.

To this end, we use the Wei-Norman technique!S! to solve the Schrodinger equation in the
interaction representation

ih%f],(t) —Vie)0i(t) (11)
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where . R
_ iHot),  rifot
TE S
= fB)[A* Pt + AeT Bt 4+ A(), (12)
By =hu,ATA+ &, Vr=fit)[AT + Al +A(¢).
Supposing
_ z(t) t)A+ Z(t)A
‘ U;(t) = exp[ ] [ exp[ 7 ] (13)
and substituting it into Eq. (11), we obtam
. 3(t)g(t
T — (—3,7(—) =Xt ,
Gy = f(a)eemt (14)
E(t] = f(:c)'e“""”‘ .
It is easily solved as
( t : t X T .
Z(y) =/ A(r)dr — —/ [f(r)e""“"/ f(u)e“"”"du]dr,
0 hJo 0
t
¢ g(‘) =/ f(T)C‘wBTdT, - (15)
0
t .
E(t) =/ f(T)e—'wadT .
\ 0
Then, we have the time evolution operator
O(t) = exp[—] 01 (t) exp [—tHot]
~ exp| / A(r)dr— = / f(r)emiver / f(u)eenedu]dr) | (16)
Xexp[l-e_‘“’"'/ f(r)e‘“"’drA’L] X exp[—}—e‘“”‘/ f(r)e"‘“‘”drA] .
ih o ih o
Thus, if an electron in the ground state [0(f)) of H(0) at time t = 0
fl)At f t
j09)) = exp[- 102 - 2 4]j0) & exp ] @2 m) (17)
then, this state has evolved into t.he state at time t =T
TV = D — v (ET) §(T) At
31) = O(D)I0() = exp( ) exp (B ) (1) @ exp[ 1 p2] @54 (m), (19)
which is just the coherent state of electron and satisfies :
. 1. . o«
AIFT)) = 2HDIFT) . (19)

It is easy to prove that the state (18) results in the minimun uncertainty of measurements in

the canonical variables, i.e.,

(89))(8p,)?) = 1H°

(20)
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Thus, the coherent state of electron is a most classical state in two dimensions.
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