
LUND UNIVERSITY

PO Box 117
221 00 Lund
+46 46-222 00 00

On the spectral properties of the exterior Calderón operator

Kristensson, Gerhard; Stratis, Ioannis; Wellander, Niklas; Yannacopoulos, Athanasios

Published in:
URSI GASS 2020, Rome, Italy, 29 August - 5 September 2020

2020

Document Version:
Early version, also known as pre-print

Link to publication

Citation for published version (APA):
Kristensson, G., Stratis, I., Wellander, N., & Yannacopoulos, A. (2020). On the spectral properties of the exterior
Calderón operator. In URSI GASS 2020, Rome, Italy, 29 August - 5 September 2020

Total number of authors:
4

General rights
Unless other specific re-use rights are stated the following general rights apply:
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors
and/or other copyright owners and it is a condition of accessing publications that users recognise and abide by the
legal requirements associated with these rights.
 • Users may download and print one copy of any publication from the public portal for the purpose of private study
or research.
 • You may not further distribute the material or use it for any profit-making activity or commercial gain
 • You may freely distribute the URL identifying the publication in the public portal

Read more about Creative commons licenses: https://creativecommons.org/licenses/
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove
access to the work immediately and investigate your claim.

https://portal.research.lu.se/en/publications/5900cbbb-6776-4edd-8115-1279ad21e031


1

URSI GASS 2020, Rome, Italy, 29 August - 5 September 2020

On the spectral properties of the exterior Calderón operator

Gerhard Kristensson(1), Ioannis G. Stratis(2), Niklas Wellander*(3), and Athanasios N. Yannacopoulos(4)

(1) Lund University, P.O. Box 118, SE-221 00 Lund, Sweden
(2) National and Kapodistrian University of Athens, Panepistimioupolis, GR-157 84 Zographou, Athens, Greece

(3) Swedish Defense Research Agency, FOI, P.O. Box 1165, SE-581 11 Linköping, Sweden
(4) Athens University of Economics and Business, Patision 76, GR-104 34 Athens, Greece

In this paper we characterize the spectrum of the exterior Calderón operator which maps the tangential scattered
electric field to the tangential scattered magnetic field on the boundary of a scattering obstacle, Ω, which is assumed
to be an open and bounded domain in R3 with a simply connected Lipschitz boundary Γ. We denote the simply
connected exterior of the domain Ω by Ωe = R3 \Ω. Consider the following exterior problem where the trace of
the scattered electric field on the boundary is given by a fixed vector mmm ∈ H−1/2(div,Γ),

1) (EEEsc,HHHsc) ∈ Hloc(curl,Ωe)×Hloc(curl,Ωe)

2)

{
∇×EEEsc(xxx) = ikHHHsc(xxx)

∇×HHHsc(xxx) =−ikEEEsc(xxx)
xxx ∈Ωe

3)


x̂xx×EEEsc(xxx)−HHHsc(xxx) = o(1/x)

or
x̂xx×HHHsc(xxx)+EEEsc(xxx) = o(1/x)

as x→ ∞, uniformly w.r.t. x̂xx

4) γγγ(EEEsc) = mmm ∈ H−1/2(div,Γ)

(1)

where x = |xxx|. The wave number k = ω/c is assumed to be a positive constant, where ω is the angular frequency of
the fields, and c is the speed of light in the exterior medium.The trace operator γγγ on C(Ωe;C3) is given by γγγ(uuu) =
ν̂νν× uuu|

∂Ω
. In the case that uuu belongs to Hloc(curl,Ωe), the fields have traces on Γ belonging to H−1/2(div,Γ), more

precisely we have (γγγ(EEEsc),γγγ(HHHsc))∈H−1/2(div,Γ)×H−1/2(div,Γ), see [1] for the definition and the properties of
the trace operators in Hloc(curl,Ωe). Problem (1) has a unique solution [2, 3, 4] and the exterior Calderón operator
Ce is defined as

Ce : mmm 7→ γγγ(HHHsc), H−1/2(div,Γ)→ H−1/2(div,Γ),

where mmm = γγγ(EEEsc) and the fields EEEsc and HHHsc satisfy (1). The point spectrum of the exterior Calderón operator is
Pσ(Ce) = {−i, i}, i.e., eigenvalues λ =±i and eigenvectors mmm ∈ H−1/2(div,Γ) satisfy

Cemmm = λmmm

where mmm±τn = YYY τn∓ iCeYYY τn and YYY τn are the generalized spherical harmonics defined in [5].
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