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Physical Interpretation of the Transparent
Absorbing Boundary for the Truncation
of the Computational Domain

Sergei A. TretyakovSenior Member, IEEE

Abstract—Physical interpretation of the recently introduced Theoretically, ideal absorption takes place if the functiim)
transparent absorbing boundary for the grid termination in finite  decays outward from the computation domain and becomes
methods shows that the absorbing domain in that method is zero at the truncation boundary. Instead of the Maxwell

described by the constitutive equations of moving media. The field . . . .
solutions in this domain give the requirements for the material equations for the physical field&, and Ho, equations for

parameters to provide zero reflection at arbitrary incidence the auxiliary fields are solved. These equations ([1, eg. 2]) can
angles and arbitrary polarizations of the incident waves. be rewritten for source-free regions (in the frequency domain)

Index Terms—Absorbing boundary, moving media, reflection, in the form

truncation method, wave impedance. ) 1
V x H = jwegel + FVFXH (2)
1
[. INTRODUCTION V x E =—jwpopH + FVF x E. (3)

ECENTLY, a new technique for truncation of the com- ) o N
Rputational domains in finite methods was proposed [1]i€"€: the relative complex permittivity and permeabititgnd
In this method, which is called by the authors transparefitncorporate the loss parameterando™, explicitly included
absorbing boundary (TAB), a physical problem to be solvé [1, €4 (2)]. Clearly, these equations can be interpreted as
numerically is transformed into a problem for auxiliary fieldsconventional macroscopic Maxwell equations in the medium
These fields are subject to a set of differential equations whitffh the following constitutive relations:
are different from the Maxwell equations, thus this auxiliary
problem is treated as a pure mathematical formulation with
no clear physical meaning. Here, we demonstrate that this j
auxiliary problem has a physical counterpart: the equations B = popH + ﬁVF x B. (5)
which govern the auxiliary fields in the absorbing regio
of TAB are known in physics. They are the equations f

the electromagnetic fields in moving media [2], [3]. In otheyCUrce-free regions) witv - D = Vv - B = 0. Function F

words, the absorbing domain can be treated as if it wefg" be c:\osten t(: be a Ilnearlytdecgylrfwg fu?r::non, th'ﬁ;Ft. |
filled by a certain uniaxial bianisotropic absorbing material® & constant vector pointing outwards from the computationa

We will show that the absorption is caused solely by the fie ma'n'.l.\/V'thfml'j 2 m|ng,{we t_can conS|det_r thel cMase wlr|1en
coupling, not by dielectric or magnetic losses. Field solutiong® auxiliary fieldsk an satisfy conventional Maxwe

of the equivalent physical problem lead to the requiremen‘?guat'ons in a homogeneous region whose material properties

necessary to provide zero reflection from the computation IT\Adtes?r'lbe? Py cor:lstltugvz reIatmrgs (45)9 fnz (S)I'b |
domain boundary. aterial relations (4) and (5) (see [6, p. 91]) describe a lossy

nonreciprocal (see [6, p. 94]) uniaxial bianisotropic material
[5], more specifically, a moving medium whose velocity is
[I. THEORY along the direction oV I [2], [3].

D=cyE— L VFxH (4)
wF

quations (2c) and (2d) of [1] can be seen to coincide (in

A. Physical Interpretation B. Plane-Wave Solutions and Discussion

In the TAB boundary formulation, auxiliary vecto#s and Knowledge of plane-wave solutions in the absorbing region
H are introduced, which are related to the physical fiditys helps in understanding its properties and gives the zero-
and Hy by [1, eq. (1)] reflection requirement. With the goal to find the eigensolutions
for the Maxwell equations with the constitutive relations of
E(t,r)=F(r)Eq(t,r), H(t,r)=F(r)Ho(t,r). (1) TAB (4), (5) we note that this problem is similar to that for
the uniaxial omega medium (composite spatially dispersive
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sign. Wave solutions for uniaxial omega media are known [fpomain, and the permittivity and permeability in (9) are com-
and the present problem can be solved in a similar mannglex numbers. In the time domain, this requirement concerns
Let the direction of VF is defined by the unit vectog,. real-valued permittivity, permeability, and also conductivities.
The following notation is convenient for the field analysis: Absorption in the case of matching with lossless media
VF/(wF) = \/éomoV zo. Here, the field coupling coefficientis solely due to the coupling parametér The decay rate
V' (proportional to the velocity of the moving medium) iss independent from the permittivity and permeability values.
dimensionless. Since the wave impedances (9) are the same as that of a simple
To find the eigensolutions we split the fields into thenagnetodielectric, the reflection from an interface does not
transverse and longitudinal parts with respect to the axis depend on functior¥.
E=E,+29E., H=H,+29H_. Considering eigensolutions,
the coordinate dependence of the fields in the transverse plane M
can be substituted in the forexp(—jk; - r), wherek; is a

two-dimensional vector in the transverse plane. The following ] "€ lfece”t'y '”tﬁdl%ceo' TAhB for the termination of'colmpu-
equations for the transverse field components hold: tational domain of finite methods is seen to be equivalent to

a material layer described by the same constitutive equations
d LV ) E as hold in moving media. This “filling material” is a lossy
dz 0 i nonreciprocal uniaxial bianisotropic medium. Electric and

. CONCLUSION

) = j magnetic fields are coupled, and the coupling parameter is
= <Jwﬂ0/ﬂt_ weoe’“’“) "o ¥ Hy (6)  determined by the function which connects physical and
d auxiliary fields in TAB. On the other hand, the permittivity
<d7 - k0V> zo X Hy and permeability of the absorbing layer do not depend on that

) function.
20 X kizo ¥ h) ‘E, () Field solutions for regions filled by this material show that
eigenwaves in TAB are ordinary plane waves modulated by

= <jweoei —
whioft

where ky = w./Z@fio is the free-space wave number andunction F(z). Field decay is totally due to the artificially
= = . . . _ .__Introduced field coupling and does not depend on the fre-
I, = I — zyz, is the transverse unit dyadic. Eigensolution

auency. Wave impedances for eigenwaves in the absorbing
of (6) and (7) are plane waves modulated BYz) regions are seen to be the same as that in the computational

B — F(\(A i k2 12 domain (which means that no reflection at the interface occurs
v = F(z)(Aexp(jy/kgep — k7) for all incidence angles and arbitrary polarizations) only if the

+ Bexp(—j //fgeu —k2) (8 permittivity, permeability, and conductivities in the absorbing
region are the same as that in the main computational domain.
where A and B are transverse amplitude vectors. This resul fact, ideal matching requirement is the same as that for
can be expected: the auxiliary fields are products of thterfaces with simple isotropic media.
physical fields (which are plane-wave solutions of the Maxwell The above field analysis of TAB can be easily extended
equations) and functior”. Thus, the fields indeed alwaysto the case when the permittivity and permeability are uni-
decay in the outward direction, whatever the propagatig¥ial dyadics, like in the anisotropic PML formulation [4],
direction of a wave. This property is a manifestation of thip]. The result shows that the two loss mechanisms, those
nonreciprocity of the effective medium. The decay factor gmployed in the PML and the field coupling of TAB, act
defined by the additional parameter in the constitutive relatioi¥lependently. The zero-reflection condition does not change
V. with the introduction of bianisotropic coupling parameters. The
Substituting the eigensolutions in (6), we find the waviivial zero-reflection requirement (free-space permittivity and
impedances of the eigenwaves. In fact, paramétarancels permeability of the layer) can be exploited in TAB because
out, and the impedances are seen to coincide with thattB¢ loss is provided due to the field coupling. Finally, we
a simple isotropic medium with the same permittivity anéiote that [as seen from (8)] the waves traveling back into

permeability: the computational domain from the truncation boundary are

actually amplified in the same rate as the outward waves are

Zry =1 — k2 (kRew), Zrr = + (9) attenuated, which means that the method is very sensitive to
1 — k3 /(kgep) reflections from that boundary.

wheren = /p/e. Indexes TM and TE refer, respectively, to
TM and TE polarizations with respect to the axis ACKNOWLEDGMENT
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