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1 introduction

Boundary element methods (BEMs) are efficient numerical methods for electromagnetic
wave scattering problems. However, it is known that BEMs show bad accuracy for electro-
magnetic problems at low frequencies. This problem is called “low-frequency problem”
and various methods which remedy this problem were suggested[l, 2|. In this paper,
we will propose a new method which accurately solves electromagnetic wave scattering
problems at low frequencies by utilizing a Hg;, scalar product for discretisation.

2 formulation

We consider a scatterer with a simple domain Q2 € R3 enclosed by a smooth boundary
I. QF is denoted by R3\Q~. We are interested in solving the following boundary value
problems:

VxE=iwu H, VxH-=—iwe*E inQ*
m=E"xn=E xn, j=nxH'=nxH onl

subjecting to the raditation conditions for the scattering fields (E**® and H***), where E
and H are unknown electric and magnetic fields, w is the frequency, e* and pu* are the
permittivity and permeability of QF and the scatterd fields are defined by (E**, H**) =
(E — E™, H — H™) with the incident waves denoted by E™ and H™ in the exterior

domain Q7 respectively.

To solve this problem, we will use a BEM with the Poggio-Miller-Chang-Harrington-Wu-
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Tsai (PMCHWT) formulation:
(U + U3 )m; — iw(ut @ + p=0;)j; = B, (1)

iw(et @ + ey )my + (U + U;)j; = —HP™, (2)

)

where

k?

Note that we use the summation convention to repeated indices in these formulae.

1
\Ifkl = ekﬂ@jG(x), (I)kl = (5kl -+ —&ﬁl) G(l’)

3 discretisation

We will utilise the Hyg;, scalar product
(’U,, ’U)Hdiv(p) = (’U,, ,U)LQT(F) + C(diVS’LL, diVs’U)L2(F)
for discretising the boundary integral equations in (1) and (2), where ¢ is a positive

constant. Discretised boundary integral equations with this scalar product are obtained
as follows:

(8i, nx {(TT + ¥ )m —iw(p" T + pu”®7)j}) 12 ) + c(divssy, n- {iw(p T 4+ pm¥T)j
— (k+2(I)+ + kiQCI)_)m})[;(F) = —(Si, E™ x n)LQT(F) — iW/LJrC(diVSSi, n- HinC)Lz(F)

(3)
(si 0 x {iw(e™ @t + 7@ )m + (" + ¥)j}) 2 ) + c(divss;, n- {—(kT°@" + k7 ®7)j
—iw(E" T + e )mY) ) = —(8i, 1 X HinC)LzT(F) —iwete(divss;, n - E™) 2

(4)
where s; is a testing function. Note that we have to use Buffa-Christiansen basis function
for s; if we expand the unknown functions m and 3 with the RWG basis function since,
compared with the boundary integral equatoins in (1) and (2), the second elements of
the first terms in the left-hand sides of equations (3) and (4) have the term mx. Dis-
cretised integral equations in (3) and (4) naturally includes both tangential and normal
components of equations (1) and (2), thus, a solution obtained by solving these equations
is expected to be more accurate. We set the constant ¢ as 1/w so that the normal and

tangential components of equations (1) and (2) have similar amounts for small frequency
w.
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