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ON SELF-ADJOINTNESS OF THE
TWO-DIMENSIONAL MAGNETIC SCHRODINGER

OPERATOR

Abstract

In the paper, under definite conditions on magnetic and electric poten-
tials, the self-adjointness of the two-dimensional Schrodinger operator in electro-
magnetic field is proved.

It is known that the Hamiltonian of a number of physical problems (see for
example [1]) in the two-dimensional space R2 is given formally by the magnetic
differential Schrodinger expression

Ha,V =
2∑

k=1

(
1
i

∂

∂xk
+ ak (x)

)2

+ V (x) , (1)

where i =
√−1 is the imaginary unit, x = (x1, x2) ∈ R2, a (x) = (a1 (x) , a2 (x)) and

V (x) are magnetic and electric potentials, respectively, and these potentials are real
functions. Note that if the magnetic field is perpendicular to the plane x1Ox2 and
retains the three-dimensional charged particle in this plane, then after insulating the
free motion along the axis x3 we get a Hamiltonian of the form Ha,V in the state
space L2 (R2) (see [2] or [3]).

In the present paper, in the space L2 (R2) we study the self-adjointness of the two-
dimensional magnetic Schrodinger operator generated by the differential expression
Ha,V , where the real magnetic and electric potentials a (x) and V (x) satisfy the
following conditions:

1)
∫

R2

|a (x)|ν dx < +∞ , where ν > 2, |a (x)| =
√

a2
1 (x1, x2) + a2

2 (x1, x2);

2)
∫

R2

|Φ(x)|µ dx < +∞ , where µ > 1, Φ (x) ≡ Φ(x1, x2) = a2 (x1, x2) +

V (x1, x2)+idiνa (x1, x2), a2 (x) ≡ a2 (x1, x2) = a2
1 (x1, x2)+a2

2 (x1, x2), diνa (x1, x2) =
∂a1(x1,x2)

∂x1
+ ∂a2(x1,x2)

∂x2
.

Note that the similar issues were studied in one-dimensional case in [4], in three-
dimensional case in [5], [6].

Subject to conditions 1) and 2) we can write differential equation (1) in the form

∆a,V = −∆ + W,

where ∆ is a two-dimensional Laplace operator

W = −2idiνa (x) + Φ (x) . (2)

It is known that if a (x) and V (x) are sufficiently smooth bounded functions,
then the minimal operators (in this case they are maximal) H0 and H = H0 + W


