
The conference of young scientists ¾Pidstryhach readings � 2026¿

May 27�29, 2026, Lviv

UDC 519.63

COMPARISON OF THE METHOD OF

FUNDAMENTAL SOLUTIONS AND BOUNDARY

INTEGRAL EQUATIONS FOR PLANAR

SCATTERING PROBLEMS

Andriy Beshley

Ivan Franko National University of Lviv,
andriy.beshley@lnu.edu.ua

Let D ⊂ R2 be a bounded simply connected domain with boundary
Γ = ∂D, Γ ∈ C1. For a given wave number κ ∈ R, κ > 0, �nd a functi-
on u satisfying the exterior Dirichlet problem for the Helmholtz equation

∆u+ κ2u = 0, in R2 \D,

u = −uinc, on Γ,

∂u
∂r − iκu = o

(
r−1/2

)
, r = |x| → ∞,

(1)

where uinc(x) = eiκx·d is an incident acoustic plane wave propagating in the
direction d ∈ R2, |d| = 1. The function u, also denoted by usc, represents
the scattered �eld. The total �eld is given by utot = uinc + usc. This problem
describes the scattering of an acoustic wave by the obstacle D.

The problem (1) is solved numerically using the method of fundamental
solutions (MFS) and the boundary integral equations method (BIE).

In the case of the MFS, the scattered �eld is approximated as follows

usc(x) ≈
N∑
j=1

αj Φ(x, yj), x ∈ R2 \D, (2)

where yj are source points located inside the obstacle D, αj are unknown
coe�cients and Φ(x, y) is the fundamental solution of the Helmholtz equation
in R2 given by

Φ(x, y) =
i

4
H

(1)
0 (κ|x− y|) , x, y ∈ R2, x ̸= y, (3)
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where
H

(1)
0 (z) = J0(z) + iY0(z)

is the Hankel function of the �rst kind and order zero.
The boundary condition is enforced at collocation points xk ∈ Γ, leading

to the linear system

N∑
j=1

αj Φ(xk, yj) = −uinc(xk), k = 1, . . . ,m, m ≥ N. (4)

The BIE approach is based on the representation of the solution of the
problem (1) by a single-layer potential

u(x) =

∫
Γ

φ(y) Φ(x, y) ds(y), x ∈ R2 \D, (5)

where φ is an unknown density which is a solution of the boundary integral
equation of the �rst kind∫

Γ

φ(y) Φ(x, y) ds(y) = −uinc(x), x ∈ Γ. (6)

The equation (6) is uniquely solvable provided that κ2 is not an interior
Dirichlet eigenvalue of the Laplacian in D.

The equation is split into real and imaginary parts. This leads to a coupled
system of �rst-kind boundary integral equations for the real-valued densities.
The boundary Γ is parameterized by a periodic mapping x(t), t ∈ [0, 2π],
which transforms the system to integral equations on a �xed interval with
periodic kernels.

The formulation contains weakly singular logarithmic kernels. To treat
the singularity numerically, the kernel is split into a logarithmic term and a
smooth remainder, enabling accurate quadrature rules. The resulting discrete
system is solved to obtain approximations of the densities, which are then
used to reconstruct the scattered �eld.

Numerical results show that the method of fundamental solutions is si-
mpler and quite accurate but sensitive to source points, while the boundary
integral equation method is more complex but more stable and robust.
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ÏÎÐIÂÍßÍÍß ÌÅÒÎÄIÂ ÔÓÍÄÀÌÅÍÒÀËÜÍÈÕ

ÐÎÇÂ'ßÇÊIÂ ÒÀ ÃÐÀÍÈ×ÍÈÕ IÍÒÅÃÐÀËÜÍÈÕ ÐIÂÍßÍÜ

ÄËß ÏËÎÑÊÈÕ ÇÀÄÀ× ÐÎÇÑIÞÂÀÍÍß

Ðîçãëÿíóòî ïîðiâíÿííÿ ìåòîäiâ ôóíäàìåíòàëüíèõ ðîçâ'ÿçêiâ òà ãðàíè-

÷íèõ iíòåãðàëüíèõ ðiâíÿíü äëÿ ðîçâ'ÿçóâàííÿ ïëîñêèõ çàäà÷ ðîçñiþâàííÿ.

Ïåðøèé ïiäõiä áàçó¹òüñÿ íà àïðîêñèìàöi¨ øóêàíî¨ ôóíêöi¨ ó âèãëÿäi ëiíié-

íî¨ êîìáiíàöi¨ ôóíäàìåíòàëüíèõ ðîçâ'ÿçêiâ ó ôiêòèâíèõ òî÷êàõ-äæåðåëàõ.

Ó äðóãîìó ïiäõîäi ðîçâ'ÿçîê ïîäàíî ó âèãëÿäi ïîòåíöiàëó ïðîñòîãî øàðó. Ðå-

çóëüòàòè ïîêàçóþòü, ùî ìåòîä ôóíäàìåíòàëüíèõ ðîçâ'ÿçêiâ ïðîñòiøèé,

àëå ÷óòëèâèé äî âèáîðó äæåðåë, òîäi ÿê ìåòîä ãðàíè÷íèõ iíòåãðàëüíèõ

ðiâíÿíü ñêëàäíiøèé, ïðîòå áiëüø ñòiéêèé.
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