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ON DEFECT INDICES OF ONE-CENTRE
DIFFERENTIAL OPERATORS

Abstract

We obtain a formula for calculating defect numbers of one-center differential
operators of higher order.

In references on physics (see f.e. [1]) devoted to the problems of atomic and
nuclear physics and solid body physics the δ−interactions model of the form

−∆ + εδ (x) , (1)

where ∆ is Laplacian, ε is a relation constant, δ (x) − δ is a Dirac function were
widely discussed F.A. Berezin and L.D. Faddeev first in the paper [2] mathemati-
cally motivated that there exists one-parametric property of self-adjoint operators
responding to euristic expression (1). After appearance of the monograph [3] the
number of papers on spectral theory of singular differential operators significatly
increased. Notice that in the mentioned monograph [3] only the classes of solvable
models of quantum mechanics with pointwise interaction in the spaces of dimension
no more than three, are touched.

The goal of the paper is to give strict sense to the formal operator

l (D) + εδ (x) , (2)

where ε is a real number, x = (x1, x2, ..., xn) ∈ Rn ,

l (D) =
∑
|α|≤m

aαD
α

p0 (ξ) =
∑
|α|≤m

(−i)|α| aαξ
α ∈ R1 for ∀ξ ∈ Rn


is an elliptic differential expression of m order with constant coefficients.

In the space L2 (Rn) let’s consider the operator

∼
H := l (D)|C∞0 (Rn\{0}) ,

and denote by H0 =
h
H0its closure in L2 (Rn) i.e.

D (H0) =
◦
W

m

2 (Rn \ {0}) (Sobolev’s space) and

H0ψ (x) = l (D)ψ (x) for ∀ψ (x) ∈ D (H0)

Using the theory of self-adjoint extensions of symmetric operators (fon Neumann
theory [5] and Berezin and Faddeev method [2] on overnormalization of the relation
constant ε standing before δ− function in the expression (2) we calculate the defect
numbers of the operator H0 .

The following conjecture is decisive in the proof of the theorem on the defect
index of the operator H0 .




