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Abstract: In this paper we propose an extrapolated absorbing boundary conditions
(EABGC:s) for solving electromagnetic problems based on finite volume time domain
(FVTD) method. It is sown that the present method exhibits a much better accu-
racy than the Mur’s ABC and it requires much smaller computer memories than
the perfectly matched layers (PMLs). Numerical examples are given for field distri-
butions in case of 1D, 2D and 3D boundary value problems including a semi-infinite
dielectric and magnetic material.
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1. Introduction

With the rapid development of high speed and large memory computers, the
finite difference time domain ( FDTD ) method have been widely used, since Yee
[1] first proposed this numerical method. Because of the finite memory sizes of
computers, we have to realize virtual computational spaces by introducing absorbing
boundary conditions (ABCs). In the earlier times, Mur’s ABCs [2] were used by
many researchers, but fictitious reflections were always observed. It is well known
that PMLs were successfully introduced by Berenger [3] to overcome this difficult
situations.

ABCs based on PMLs are excellent, but a lot of computer memories are needed
to implement them on computers. In this paper, we propose the EABCs in a very
compact form. It is demonstrated that the accuracy of the EABCs is much better
than the Mur’s ABC, and it requires much less memories than the PMLs.

2. FVTD equations.

For the computational reason, we normalize the magnetic field by the intrinsic
impedance as H=7,H = Vio/eoH. In the time domain, we discretize the electric
fields at ¢t = nAt¢ and magnetic fields at t = n’At = (n—1/2)At as Yee proposed [1] , and
in the space domain we discretize electromagnetic fields at (z,y,2) = (iAx, jAy, kAz).
Then we have the following FVTD equations [4]:

HY 6, k) = HY (i, . k)

+ AZ[E;(i,j,k: +1) - Eg(z',j,k; — 1)] — Ay[EZ(i,j +1,k) — E?(i,j — l,kz)]
HY 6, k) = HY (i, 5, k)

+ AL[EZ (i + 1,5, k) — B2 (i — 1,4, k)] = AL (B, 4,k + 1) = B2 (i, j,k — 1)]
HY™ (i, g, k) = HY (i, 5, k)

+ Ay[Ey (i, + 1,k) — B (i, + 1,k)] — Am[E;j(z' +1,5,k) — Eg(z' —1,7,k)]

(1)
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Ep(i, 4, k) = E}(i, j, k)

— DL [HY M0, 4k + 1) — HY 0,4k — 1]+ Ty [H2 6,5+ 1,k) — HE 0,5 — 1,k)]
EPtUi, 4, k) = EJ(i, j, k)

- F:v[f{gurl(z + laja k) - ngrl(i - laja k)] + FZ[H;L,+1(iajak + 1) - f{g’+1(iajak - 1)]

EI(4,4,k) = E}(i, 5, k)
— T [HY (i, j + 1, k) — HY 6,5 + 1,k)) + Do [HY TN i+ 1,5, k) — HY T (i - 1,4, k)]

(2)

where the step parameters are defined by

Aoy = (cAt)/(2urAsyz) Ty = (cA)/(26,0zy.2) - (3)

It is worth noting that FVTD is useful for treating electromagnetic problems with
inhomogeneous dielectric and magnetic materials.

3. EABC in case of 1D.

We consider the plane wave H = (O,ﬁy,O) and E = (0,0,F,) traveling in z-
direction. The FVTD equations are given by

HY' (i) = Y (3) + A [E2 (i + 1) — B2 (i — 1)

EX (i) = B2 (i) + To[Hy (i +1) = Hy*'(i - 1)] W

We assume that there exists an absorbing boundary at : = N, which absorbs the
plane wave traveling in the positive z-direction. To realize this assumption we
extrapolate the value of magnetic field at ¢ = N, by taking into account the time
and space intervals together with the wave velocity in the a dielectric and magnetic
material as follows:

Typel : H)' "' (N,) = —W1YENN, — 1) + WoY B2 (N, — 3)

7, . (5)
Type2: H]'TH(N,)=—-W3YE}(N, — 1) — W4H} 7" (N, — 2)

where Y = /¢, /i, and the weights are given by

Wi = (6v/eriir — 1)/ (4y/atn) We = 2yais - 1)/(4y/am)
Wy = (4y/errin) | (2 feriir +1) Wi = (2/eriir — 1)/ (2 /enfir +1) .

It is evident that the above weights become in the free space as W, = 1.25, W, = 0.25,
W3 = 1.5 and W, = 0.5. The above 1D relations are the essence of the present
algorithm and modifications to 2D and 3D are discussed in the subsequent sections.

Fig.1 shows reflection errors caused by ABCs with the accuracy in dB such as
PML(10) < Type 1< PML(9) < Type 2. Thus EABC of Type 2 is better than
that of Type 1 or better than even that of PML(9). Fig.2 well simulates that both
the reflection and transmission coefficients are 0.5. Fig.3 shows impedance match-
ing at the semi-infinite dielectric and magnetic material, and almost no fictitious
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reflections are observed.
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. ' b Fig.2 Electric field Fig.3 Electric field
Fig.1 Reflection (dB). (6,=9.0 y1,=1.0). (€,=3.0 1, =3.0).
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4. EABC in case of 2D.

For the TM-wave with H = (I;Tm,f[y,O) and E = (0,0, E,), the FVTD equations for
electromagnetic fields are derived from Eqgs.(1) and (2) as follows:
IZI;’“(Z‘,j) 17 (i) = Ay[E7 Gy +1) = B2 (i, = 1)]
1y (i) + Al B G+ 1,) = B2 = 1,5)]
E”H(i,j) = BV (i, §) + To[Hy i+ 1,5) — HY FHi = 1, )]

B Fy[H;;L +1(7:7j + ]-) - H:? +1(7'7.7 + 1)] :

(7)

Now we split the electric field as F, = E,, + E,, [3], then, analogous to 1D case, we
can extrapolate the magnetic fields in the boundary cells ¢ = N, or j = N, in terms
of the electric fields in the inner cells as follows:

ﬁ;"“(Nm,j) =-W1YE? (N —1,5) + WoYEZ (N, — 3,7) (8)
HY*(i,N,) = +WIY L, (i, Ny — 1) — Wa Y EZ, (i, Ny = 3)

EABCs of Type2 are not shown here for simplicity.
Next we consider the TE-wave with H = (0,0, H;) and E = (E,, £,,0). The FVTD
equation for the electromagnetic fields are derived from Eqgs.(1) and (2) as follows:
HYHM,5) = HY (,5) + Ay (B, + 1) — B3 G, J +1)]
— Mo [Ey (i +1,5) — Ey(i = 1,5)]
By (i) = By (i,5) + Ty [HE (i, +1) — HY “(z j=1)
Eyt(i,j) = By (i, §) = To[HY i+ Lj) — HEH i - 1,5)]

(9)

Now we split the electric field as H, = H,, + H,, [3], then the EABCs in case of
TE-wave are summarized as follows:

Y (N, §) = +W71Y EN(N, — 1,5) — WoY EN(N, — 3,j) 0
HZ M0, Ny) = =W Y B (i, Ny — 1) + WaY Ep (i, N, — 3)

Expressions for Type 2 are also omitted here.
Figs.4 and 5 show numerical examples for radiation from an electric or magnetic
line source near a semi-infinite dielectric (e, = 4.0, 4, = 1.0).

F
k
Fig.4 TM-wave. Fig.5 TE-wave.

(A,, = 2/20). (A, = A/20). Fig.6 Electric field in case
of 3D. (A, = A/20).

5. ABC in case of 3D.

In case of 3D, we split the electromagnetic fields into two parts in the cell layers
just inside the absorbing boundaries as follows:

(11)
H, = Hacy + Hy, Hy = Hyz +Hy:c H,=H, + sz .
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Now we assume that the absorbing boundaries are at i = N, , j = N, or k = N.
then we can extrapolate the magnetic fields at the boundaries just outside the
computational regions as follows:

A2 Ny, gy k) = +WY Epy (N = 1,5, k) = WaY By (N — 3,j, k)

254 (12)
H;x—l—l(N:vaja k) = _WIYE,?@"(NQE - 1,7 k) + WQYE?:U(NZE - 3,7 k)
HY (6, Ny, k) = +W1Y E? (i, N, — 1,k) — WoY ET. (i, N, — 3, k) 3
A7 i, Ny k) = =WAY B, (i, Ny — 1, k) + WaY B, (i, Ny — 3, k)
I;’nurl(z ], ) +W1Y (Z ],N ) WZY (1 ],N 3) (14)

Hn +1(Z ]?N ) = _WIYEyz(ZﬂjaNZ - )+W2)/Egz(la]3NZ - 3) .

Expressions for Type 2 are also omitted here.

Fig.6 shows radiation from a small dipole antenna above a semi-infinite dielectric
(e, = 4.0, = 1.0). Almost no fictitious reflections are observed, and thus, we can
deal with a lot of electromagnetic problems with inhomogeneous dielectric and
magnetic materials by applying the FVTD method combined with the proposed
EABC:s.

6. Conclusion.

In this paper, we have proposed the EABCs for FVTD method by extrapolating
the magnetic fields just outside the computational region in terms of the electro-
magnetic fields inside it. It should be noted that the extrapolation of the electric
fields is also possible and that the present method can also be applied to FDTD in
a similar fashion. Numerical calculations were carried out for field distributions in
case of 1D, 2D and 3D problems including a semi-infinite dielectric and magnetic
material. The present method exhibits better accuracy than the Mur’s ABCs and
it requires smaller computer memories than the PMLs.

The proposed EABCs can be extended to lossy materials. It deserves as a
future problem together with the application of the present method to various
electromagnetic boundary value problems.
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