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Abstract

A multidomain Legendre tau method is established for the 1-D Maxwell’s equation-

s of nonhomogeneous media with discontinuous solutions. Unlike the Galerkin method,

polynomials of different degrees are used to approximate the electric and magnetic fields,

respectively, so that they can be decoupled in computation. Also, the method improves

the accuracy, and the stability and optimal error estimates of the semi-discrete scheme are

given. Numerical examples show the effectiveness of the method without being affected by

the discontinuity of the solutions.
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1. 
��

Maxwellf*K*p2Q3#bkD�G�Ojf*,E^z.|>_>G391
 [1–9].

Chen I�|>_
1 Maxwell f*Gy^0�;Hj
f
 [6, 7]. Zeng I�'y^0�;Hj
f
���aR Maxwell f*G Legendre–Galerkinf
 [8]. 'x^#���B, v�Ehh�=4�G�K, 5!1
��Z���Z, u�;=OMw. Zhao I���q,C
* 2018 { 5 $ 2 �.E.
1) �6hu: }�I�F{�6 (11571224).
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 [5], '(30	7wzO,�V�q,E"D$�FDq;V,Ar'�F*k%.

Ma I���^�� Legendre–Galerkin �f

1�Rh�=4� Maxwell f* [9].	UEh�Rh�=4� Maxwell f* [5]























ǫ∂tEz = ∂xHy, (x, t) ∈ (I1 ∪ I2)× (0, T ],

µ∂tHy = ∂xEz , (x, t) ∈ (I1 ∪ I2)× (0, T ],

Ez(−1, t) = Ez(1, t) = 0, t ∈ (0, T ],

Ez(x, 0) = Ez0(x), Hy(x, 0) = Hy0(x), x ∈ I = (−1, 1),

(1.1)�B Ez � Hy j�*Q#�V�3#�V, ǫ � µ j�P4Q%3�3Ci, �� I1 =

(−1, 0), I2 = (0, 1), ǫ|Ii = ǫi, µ|Ii = µi P4%3, �Eh Zhao I��/G℄C(30[+D$ [5]��CP(30[y, 1���ZG�K; e�CP Ez '(30�E", 1��ZG�K. \�B��Z1GXAG���^���f

1. ^���f
���
���j)^t
�e(GH��, ��j�^g'
9 [10–12]. Ji I�b,_
1hdt\gN�f*G^��z�f
 [13], G�w)+BG��3, $FR�	>3f*KG^3�1B�℄1t, �G#b�;�s��Ma I�V�^�� Legendre–Galerkin Chebyshev }?

1B��Z1G�Rb,f* [9], a)_^���f
G�mt.	U%Y_f* (1.1) G^�� Legendre tau(MLT) f
, 0\�,Oj;HG�\(t, �H� Galerkin f
 [8], �v tau f
G7f, \ Ez � Hy j�$� N 6� N − 1 6G^g'
9, $F>mG
1G�1P,�y�q
9;V,' �GZ x� [8] o7DB�L�,.	U�|�_: /`, %Y�R Maxwell f*G�R�^�� Legendre tau f
, �"�6qmr'GBC;
�Æ	, j�vA[y�E"℄C(30D$, 5q�R�r'GVSt, �C/Z x��L	, 0�=PG8, Runge–Kutta f
, u/mr'G39;W, ��ezf
7s�*�
2. v	knW�j

2.1. f
Æa}`	7�o��. � (·, ·)Ω � ‖ · ‖Ω Pk9�3J� L2(Ω) Gx��e3. \�433
σ, f Hσ(Ω) PG%G Sobolev J�, �e3��e3j��P ‖ · ‖σ,Ω � | · |σ,Ω. B Ω = I!, *'��G_�B'� j. S� H1

0 (I) = {u ∈ H1(I) : u(−1) = u(1) = 0}, �	�jY
Sobolev J����e3

H̃σ(I) = {u : u|Ii ∈ Hσ(Ii), i = 1, 2}, |u|H̃σ(I) = (|u|2σ,I1 + |u|2σ,I2)
1/2.\433 Ni, PNi

�)63�'� Ni Gk^3^g'K)GJ�. S�jY^g'J�
WN = {ϕ : ϕ|Ii ∈ PNi

, i = 1, 2},��
9J�
V 0
N = H1

0 (I) ∩WN (I), WN−1 = {ϕ : ϕ|Ii ∈ PNi−1, i = 1, 2}.
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j (j = 0, 1, · · · , Ni) P�E�� Î = (−1, 1)�G Chebyshev–Gauss–Lobatto(CGL)/O. f {xi
j} �)H�� Ii = (ai−1, ai) �G CGL O, � hi = ai − ai−1 �

IiNi
= {xi

j : x
i
j =

hix̂
i
j + ai−1 + ai

2
, 0 ≤ j ≤ Ni}.	UB a0 = −1, a1 = 0, a2 = 1. S� Chebyshev–Gauss–Lobatto�9 ICNu ∈ WN lJ

(ICNu)|Ii(xi
j) = u|Ii(xi

j), ∀xi
j ∈ IiNi

.� ϕ(x) = ϕ̂(x̂)%Y Ii �G�3��E�� Î �G�37�G\�,f PN−1 : L2(I) → WN−1� L2– 4(JÆ;H P̂Ni−1 : L2(Î) → PNi−1 "�, �
(PN−1u)|Ii(x) = P̂Ni−1(̂u|Ii)(x̂).f* (1.1) G�r'GpP�- Ez ∈ H1

0 (I) � Hy ∈ L2(I) $F
{

(ǫ∂tEz, v) = −(Hy, ∂xv), ∀ v ∈ H1
0 (I),

(µ∂tHy, w) = (∂xEz, w), ∀ w ∈ L2(I).
(2.1)A5%Ye�G�R�^�� Legendre tau r'�- EzN ∈ V 0

N � HyN ∈ WN−1, $F
{

(ǫ∂tEzN , v) = −(HyN , ∂xv), ∀ v ∈ V 0
N ,

(µ∂tHyN , w) = (∂xEzN , w), ∀ w ∈ WN−1,
(2.2)�
.9 EzN (0) = ICNEz0, HyN(0) = PN−1I

C
NHy0.BC�;!, � Ll *M l , Legendre ^g', S��_Gx���3�

φ
(i)
l (x) =







Ll+2(x̂)− Ll(x̂), x =
hix̂+ ai−1 + ai

2
∈ [ai−1, ai],

0, �>,* {φ(i)
l |Ii}Ni−2

l=0 P H1
0 (Ii) ∩ PNi

G��3 (i = 1, 2), &�-(30[+��3�
φ(x) =











L0(x̂) + L1(x̂)

2
, x =

h1x̂+ a0 + a1
2

∈ [a0, a1],

L0(x̂)− L1(x̂)

2
, x =

h2x̂+ a1 + a2
2

∈ (a1, a2].Q9LS� L
(i)
l (x) = Ll(x̂). '991 EzN , HyN j��)P

EzN (x, t) =
2

∑

i=1

Ni−2
∑

l=0

c
(i)
l (t)φ

(i)
l (x) + c(t)φ(x),

HyN (x, t) =

2
∑

i=1

Ni−1
∑

l=0

d
(i)
l (t)L

(i)
l (x).>�r'�FD%Ojf*K

{

ǫA1∂tEN(t) = −B1HN(t),

µA2∂tHN (t) = B2EN (t),
(2.3)



4 � g?? J: �S Maxwell g+ [2H_�� Legendre tau gd 291�B EN (t) � HN(t) j�P991 EzN � HyN G^3K)Gj^, �1 Ak, Bk(k = 1, 2)B�℄1t, ��:j�Pe���3Gx�.P_FD�GZ x�, 	�JÆ;H P̂ 1
Ni

: H1(Î) → PNi
, lJ

P̂ 1
Ni
û(x̂) = û(−1) +

∫ x̂

−1

P̂Ni−1∂x̂û(y) dy.f P 1
N *� P̂ 1

Ni
"�G H1–Legendre �JÆ;H, �

(P 1
Nu)|Ii(x) = P̂ 1

Ni
(̂u|Ii)(x̂).� ~i = hiN

−1
i (i = 1, 2), �_oG
90~ [13–15].�s 1. � ϕ ∈ H̃σ(I) (σ ≥ 1), *�
|ICNϕ− ϕ|H̃r(I) ≤ C(~

2(σ−r)
1 |ϕ|2σ,I1 + ~

2(σ−r)
2 |ϕ|2σ,I2)1/2, 0 ≤ r ≤ 1,

|P 1
Nϕ− ϕ|H̃r(I) ≤ C(~

2(σ−r)
1 |ϕ|2σ,I1 + ~

2(σ−r)
2 |ϕ|2σ,I2)1/2, 0 ≤ r ≤ 1,

‖PNϕ− ϕ‖ ≤ C(~2σ1 |ϕ|2σ,I1 + ~
2σ
2 |ϕ|2σ,I2)

1/2.

(2.4)

2.2. Rqza}Y�[�d~w�_oEhr'GVSt.[s 1. � EzN � HyN *�R�^�� Legendre tau f
 (2.2) G1, �X��U f̃i,*�
√

‖
√
ǫEzN (t)‖2 + ‖√µHyN (t)‖2

≤
√

‖
√
ǫEzN (0)‖2 + ‖√µHyN(0)‖2 + C

√
t

√

∫ t

0

(‖
√
ǫ−1f̃1(s) ‖2 + ‖

√

µ−1f̃2(s) ‖2) ds.
(2.5)�x. Ehr' (2.2) =��X�U f̃i,

{

(ǫ∂tEzN , v) = −(HyN , ∂xv) + (f̃1, v), ∀ v ∈ V 0
N ,

(µ∂tHyN , w) = (∂xEzN , w) + (f̃2, w), ∀ w ∈ WN−1.
(2.6)
 v = EzN , w = HyN , �

(ǫ∂tEzN , EzN ) + (µ∂tHyN , HyN ) = (f̃1, EzN ) + (f̃2, HyN ). (2.7)� Cauchy–Schwarz�I'FD
1

2

d

dt

(

‖
√
ǫEzN‖2 + ‖√µHyN‖2

)

=
√

‖
√
ǫEzN‖2 + ‖√µHyN‖2 d

dt

(

√

‖
√
ǫEzN‖2 + ‖√µHyN‖2

)

= Re{(f̃1, EzN ) + (f̃2, HyN )}

≤
√

‖
√
ǫ−1f̃1 ‖2 + ‖

√

µ−1f̃2 ‖2
√

‖
√
ǫEzN‖2 + ‖√µHyN‖2,

(2.8)
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d

dt

(

√

‖
√
ǫEzN‖2 + ‖√µHyN‖2

)

≤
√

‖
√
ǫ−1f̃1 ‖2 + ‖

√

µ−1f̃2 ‖2. (2.9)\�'�jÆ5q_VSt (2.5).B f̃1 � f̃2 Pd!, G� (2.8) 8+FD_oG0�t�.[s 2. � EzN � HyN *�R�^�� Legendre tau f
 (2.2) G1, *�
‖
√
ǫEzN (t)‖2 + ‖√µHyN (t)‖2 ≡ C. (2.10)+_OEhr'G-\t. f E∗

z = P 1
NEz P H1–Legendre �JÆ, H∗

y = PN−1Hy P
L2–Legendre �JÆ, �f* (2.1), V�JÆ;HGt�, G�

(∂x(P
1
NEz − Ez), w) = 0, ∀w ∈ WN−1,�� f1 = ǫ(P 1

N − I)∂tEz , FD
{

(ǫ∂tE
∗
z , v) = −(H∗

y , ∂xv) + (f1, v), ∀ v ∈ V 0
N ,

(µ∂tH
∗
y , w) = (∂xE

∗
z , w), ∀ w ∈ WN−1.

(2.11)f ez = E∗
z − EzN , ey = H∗

y −HyN , ���_GZ f*
{

(ǫ∂tez, v) = −(ey, ∂xv) + (f1, v), ∀ v ∈ V 0
N ,

(µ∂tey, w) = (∂xez, w), ∀ w ∈ WN−1.
(2.12)V��oGVSt0~, GF�_-\tST. � ~ = max1≤i≤2 ~i.[s 3. � Ez , Hy * (1.1) lJ[y(30D$G1, EzN , HyN * (2.2) G1, ���

σ ≥ 1, Ez ∈ H1(0, T ; H̃σ(I)), Hy ∈ C([0, T ]; H̃σ(I)), *9'%3 C, $F
‖
√
ǫ(Ez − EzN )(t)‖ + ‖√µ(Hy −HyN )(t)‖ ≤ C(1 +

√
T )~σ, t ≤ T. (2.13)�x. � (2.12) ', 8+V��oGVStx� (2.8), ���_Z x�

√

‖
√
ǫez(t)‖2 + ‖√µey(t)‖2 ≤

√

‖
√
ǫez(0)‖2 + ‖√µey(0)‖2 + C

√
t

√

∫ t

0

‖
√
ǫ−1f1(s) ‖2 ds.

(2.14)vA	T 1, G�_x�.&Z 
‖ez(0)‖ = ‖P 1

NEz0 − ICNEz0‖ ≤ C~
σ|Ez0|H̃σ(I),

‖ey(0)‖ = ‖PN−1Hy0 − PN−1I
C
NHy0‖ ≤ C~

σ|Hy0|H̃σ(I),��.ZZ 
∫ t

0

‖
√
ǫ−1f1(s) ‖2 ds ≤ C~

2σ|∂tEz|2L2(0,T ;H̃σ(I))
,'�2x�>� (2.14), 0�
90~	T 1, &V��)�I', �5FZ x� (2.13).G�x�' (2.13) :D_L�,, o7_ez0~ [8], ��BG C ��P� T , 
n_G%x�Bz� T <3+&G�H.
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3. h℄knW�j	/Eh�C(30�ZG�K, 8e\�O�0�t�)VGaR�a3oXAN�`O [5]. >��tD�?2*Q3j^ Ez '�a3o0�F�[y. S� θ P28�3oG�Tj^ n � x F7�G)V, 5! Ez '3o0*�[yG, lJ_bz^
Ez(0−, t) =

ǫ2
1 + (ǫ2 − 1)cos2θ

Ez(0+, t). (3.1)f ǫ̃|I1 = 1 + (ǫ2 − 1)cos2θ, ǫ̃|I2 = ǫ2, � [v]0 = v(0+, t)− v(0−, t), *E"D$GpP
[ǫ̃Ez ]0 = 0, [Hy]0 = 0.

3.1. f
Æa}	�jY Sobolev J�, S�
H̃1

2,0(I) = {u ∈ H̃1(I) : [ǫ̃u]0 = 0, u(−1) = u(1) = 0},��jY^g'
9J�
V 2,0
N = H̃1

2,0(I) ∩WN .5! ǫ̃Ez *[yG, f* (1.1) G�r'GpP�- Ez ∈ H̃1
2,0(I) � Hy ∈ L2(I) $F

{

(∂tEz, v) = −(ǫ−1Hy, ∂xv), ∀ v ∈ H1
0 (I),

(∂tHy, w) = ((ǫ̃µ)−1∂x(ǫ̃Ez), w), ∀ w ∈ L2(I).
(3.2)A5%Ye�G�R�^�� Legendre tau r'�- EzN ∈ V 2,0

N � HyN ∈ WN−1 $F
{

(∂tEzN , v) = −(ǫ−1HyN , ∂xv), ∀ v ∈ V 0
N ,

(∂tHyN , w) = ((ǫ̃µ)−1∂x(ǫ̃EzN ), w), ∀ w ∈ WN−1,
(3.3)�
.&9 EzN (0) = ICNEz0, HyN (0) = PN−1I

C
NHy0.

3.2. Rqza}Y�[�d~w�_ou/VStST. � µ̃ = ǫ−1ǫ̃µ.[s 4. � EzN � HyN *�R�^�� Legendre tau f
 (3.3) G1, �X��U f̃i,*�
√

‖
√
ǫ̃EzN (t)‖2 + ‖

√

µ̃HyN (t)‖2

≤
√

‖
√
ǫ̃EzN (0)‖2 + ‖

√

µ̃HyN(0)‖2 + C
√
t

√

∫ t

0

(‖
√
ǫ̃f̃1(s) ‖2 + ‖

√

µ̃f̃2(s) ‖2) ds.
(3.4)�x. Ehr' (3.3) =��X�U f̃i,

{

(∂tEzN , v) = −(ǫ−1HyN , ∂xv) + (f̃1, v), ∀ v ∈ V 0
N ,

(∂tHyN , w) = ((ǫ̃µ)−1∂x(ǫ̃EzN ), w) + (f̃2, w), ∀ w ∈ WN−1.
(3.5)
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 v = ǫ̃EzN ∈ V 0
N , w = µ̃HyN ∈ WN−1, �
{

(∂tEzN , ǫ̃EzN ) = −(ǫ−1HyN , ∂x(ǫ̃EzN )) + (f̃1, ǫ̃EzN ),

(∂tHyN , µ̃HyN ) = (∂x(ǫ̃EzN ), ǫ−1HyN ) + (f̃2, µ̃HyN),℄'e�FD
1

2

d

dt

(

‖
√
ǫ̃EzN‖2 + ‖

√

µ̃HyN‖2
)

= Re{(f̃1, ǫ̃EzN ) + (f̃2, µ̃HyN)}, (3.6)Q9�ST 1 5q, �GFDVSt (3.4).B f̃1 � f̃2 Pd!, H��_oG0�t�.[s 5. � EzN � HyN *�R�^�� Legendre tau f
 (3.3) G1, *�
‖
√
ǫ̃EzN (t)‖2 + ‖

√

µ̃HyN (t)‖2 ≡ C. (3.7)+_OEhr'G-\t. f E∗
z = P 1

NEz, H
∗
y = PN−1Hy, � f1 = (P 1

N − I)∂tEz , Q9�
(2.11), �f* (3.2) FD

{

(∂tE
∗
z , v) = −(ǫ−1H∗

y , ∂xv) + (f1, v), ∀ v ∈ V 0
N ,

(∂tH
∗
y , w) = ((ǫ̃µ)−1∂x(ǫ̃E

∗
z ), w), ∀ w ∈ WN−1.

(3.8)f ez = E∗
z − EzN , ey = H∗

y −HyN , FDZ f*
{

(∂tez, v) = −(ǫ−1ey, ∂xv) + (f1, v), ∀ v ∈ V 0
N ,

(∂tey, w) = ((ǫ̃µ)−1∂x(ǫ̃ez), w), ∀ w ∈ WN−1.
(3.9)�5, G�8+V�VSt0~ (3.4), �Q9�ST 3, FD�_-\tST.

E
z
(x,t=3.14)

-1 -0.5 0 0.5 1
-3

-2

-1

0

1

2

3

0
1
=1.0 0

2
=2.25

Real(E
z
)

Imag(E
z
)

H
y
(x,t=3.14)

-1 -0.5 0 0.5 1
-3

-2

-1

0

1

2

3

0
1
=1.0 0

2
=2.25

Real(H
y
)

Imag(H
y
)L 1 Maxwell g+H� [2[s 6. � Ez , Hy * (1.1) lJ�Z(30D$ (3.1) G1, EzN , HyN * (3.3) G1, ��� σ ≥ 1, Ez ∈ H1(0, T ; H̃σ(I)), Hy ∈ C([0, T ]; H̃σ(I)), *9'%3 C, $F

‖
√
ǫ̃(Ez − EzN )(t)‖ + ‖

√

µ̃(Hy −HyN )(t)‖ ≤ C(1 +
√
T )~σ, t ≤ T. (3.10)
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4. ���u	/7s^�� Legendre tau f
G39,}, ��!��
 j – 
'C3~}
(FDTD–IDM) f
G0~ [5] N�*. 
h�=4� Maxwell f* (1.1) G/1P [5, 16]�

Ez(x, t) =

{

[a1 exp(i
√
ǫ1ωx)− b1 exp(−i

√
ǫ1ωx)] exp(iωt), −1 ≤ x ≤ 0,

[a2 exp(i
√
ǫ2ωx)− b2 exp(−i

√
ǫ2ωx)] exp(iωt), 0 ≤ x ≤ 1,

(4.1)

Hy(x, t) =

{ √
ǫ1[a1 exp(i

√
ǫ1ωx) + b1 exp(−i

√
ǫ1ωx)] exp(iωt), −1 ≤ x ≤ 0,

√
ǫ2[a2 exp(i

√
ǫ2ωx) + b2 exp(−i

√
ǫ2ωx)] exp(iωt), 0 ≤ x ≤ 1,

(4.2)�B i =
√
−1,

a1 = (
√
ǫ2 cos(

√
ǫ2ω))/(

√
ǫ1 cos(

√
ǫ1ω)), b1 = a1 exp(−i2

√
ǫ
1
ω),

a2 = exp(−iω(
√
ǫ1 +

√
ǫ2)), b2 = a2 exp(i2

√
ǫ
2
ω).

(4.3)4Q%3�3Cij�
P ǫ1 = 1, ǫ2 = 2.25 � µ1 = µ2 = 1. !�R�� FDTD–IDM f
eH [5], ��=PG8, Runge–Kutta f
. '!I t GR� L2- Z � L∞- Z j��)P
E2(v) = ‖vN − ICNv‖, E∞(v) = max

xi
j
∈Ii

Ni

|vN (xi
j)− v(xi

j)|.t 1. (30[y, 1���ZG�K. �3 ω lJ √
ǫ2 tan(

√
ǫ1ω) = −√

ǫ1 tan(
√
ǫ2ω).K 1 * ω ≈ 5.07218116182516, t = π !/1GKi, �B#d�wdj�P1G#��w�, 8BG#1'(30 x = 0 ���Z.S 1 Maxwell _Vyg\m MLT _^� t = 1 |Zr{ L∞- �U

ω ≈ 5.07218116182516

τ (N1, N2) E∞(Ez) [!- E∞(Hy) [!-
1e-02

(20, 20)
5.78e-07 8.39e-07

1e-03 5.78e-11 τ 4.00 8.63e-11 τ 3.98

1e-04
(10, 10) 9.07e-05 2.04e-03

(20, 20) 9.89e-14 M−29.77 2.99e-12 M−29.35

ω ≈ 36.48810769772309

τ (N1, N2) E∞(Ez) [!- E∞(Hy) [!-
1e-03

(56, 56)
1.12e-06 1.62e-06

1e-04 1.12e-10 τ 4.00 1.67e-10 τ 3.99

1e-04
(48, 48) 8.55e-09 1.50e-07

(56, 56) 1.12e-10 M−28.14 1.67e-10 M−44.14� 1 u/^�� Legendre tau f
' t = 1 !GR� L∞- Z . `
*;G Ni, �!��& τ �;�l, �!}!�fjGZ ,; &
*lG!��& τ , � Ni �l�;, �!}
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9G;V.�BG390~�Tkj\e�=,a)/!�
9B�8,;V,J�
9B��;V. � 2 u/^�� Legendre tau f
GR� L2- Z � L∞- Z , ��
FDTD–IDM f
 [5] 7s�*, \K� ω ≈ 5.07218116182516�q� ω ≈ 36.48810769772309,j�
 t = π, τ = π × 10−4 � t = π/2, τ = π/5 × 10−4, J�R� FDTD–IDM f
j�
 N = 50 � N = 200, �l� M = 8 t(30~}D$, MLT f
j�
 Ni = 20 �
Ni = 56 (i = 1, 2), FD��G;V.S 2 Maxwell _Vyg\m FDTD–IDM e MLT _^Z�U

FDTD–IDM [5] MLT

L2- [! (Ez) L2- [! (Hy) E2(Ez) E2(Hy) E∞(Ez) E∞(Hy)

t = π, τ = π × 10−4, ω ≈ 5.07218116182516

M = 8, N = 50 N1 = N2 = 20

4.34e-12 5.52e-12 1.78e-12 2.36e-12 1.80e-12 5.95e-12

t = π/2, τ = π/5× 10−4, ω ≈ 36.48810769772309

M = 8, N = 200 N1 = N2 = 56

6.06e-10 8.19e-10 2.69e-11 3.40e-11 2.73e-11 4.07e-11S 3 Maxwell _Vg\m MLT _^� t = 1 |Zr{ L∞- �U
ω ≈ 5.05589071456588

τ (N1, N2) E∞(Ez) [!- E∞(Hy) [!-
1e-02

(20, 20)
6.53e-07 8.26e-07

1e-03 6.53e-11 τ 4.00 8.49e-11 τ 3.99

1e-04
(10, 10) 8.87e-05 2.01e-03

(20, 20) 6.04e-14 M−30.45 2.87e-12 M−29.39

ω ≈ 36.47181725046381

τ (N1, N2) E∞(Ez) [!- E∞(Hy) [!-
1e-03

(56, 56)
1.28e-06 1.61e-06

1e-04 1.28e-10 τ 4.00 1.66e-10 τ 3.99

1e-04
(48, 48) 8.59e-09 1.51e-07

(56, 56) 1.28e-10 M−27.31 1.66e-10 M−44.21t 2. (30�E"D$ (3.1), 1��ZG�K. �3 ω lJ
(1 + (ǫ2 − 1) cos2 θ) tan(ω) = −√

ǫ2 tan(
√
ǫ2ω).K 2 * ω ≈ 5.05589071456588, t = π !/1GKi, 8BG#1 Ez '(30*�ZG.� 3 u/^�� Legendre tau f
' t = 1 !GR� L∞- Z . �W 1 G

eH, a)/!�
9�B�8,;V, J�
9B��;V. � 4 u/� FDTD–IDM f
 [5] G�*, \

ω ≈ 5.05589071456588 � ω ≈ 36.47181725046381, j�
�W 1 BeHGR��3, G�D/, 	U MLT f
��e\*KGJ�j�i?yFD��G;V.
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)L 2 Maxwell g+H [2 (Ez ( x = 0 1�F#)S 4 Maxwell _Vg\m FDTD–IDM e MLT _^Z�U

FDTD–IDM [5] MLT

L2- [! (Ez) L2- [! (Hy) E2(Ez) E2(Hy) E∞(Ez) E∞(Hy)

t = π, τ = π × 10−4, ω ≈ 5.05589071456588

M = 8, N = 50 N1 = N2 = 20

4.65e-12 5.73e-12 1.87e-12 2.39e-12 2.01e-12 5.65e-12

t = π, τ = π/5× 10−4, ω ≈ 36.47181725046381

M = 8, N = 200 N1 = N2 = 56

6.16e-10 8.19e-10 5.79e-11 7.12e-11 6.25e-11 8.06e-11

5. ���l	U��^�� Legendre tau f

1�Rh�=4� Maxwell f*, \��H4�(30[+D$j�P[y�E"℄C�K, 5q_�R�r'lJy^0�t�, �ÆFL�,Z x�, o7_ �Gez0~ [8]. 39;Wj�u/_1'�H4�(30/b��Z��ZG�;0~, a)/f
�,_�;V, �� FDTD–IDM f
 [5] G�;0~7s_�*. 	U�/G^�� Legendre tau f
G�M{���39
1qR Maxwell f*.A\��|*(3oG�K, �f
G����x^XAv�7��|> [3].T o � �
[1] Yee K S. Numerical solution of initial boundary value problems involving maxwell’s equations in

isotropic media [J]. IEEE Transactions on Antennas & Propagation, 1966, 14(3): 302–307.

[2] Driscoll T A, Fornberg B. A block pseudospectral method for Maxwell’s equations. I. One-

dimensional case [J]. J. Comput. Phys., 1998, 140(1): 47–65.

[3] Driscoll T A, Fornberg B. Block pseudospectral methods for Maxwell’s equations. II. Two-

dimensional, discontinuous-coefficient case [J]. SIAM J. Sci. Comput., 1999, 21(3): 1146–1167.



298 4:�<��<��� 2018 {
[4] Namiki T. A new FDTD algorithm based on alternating-direction implicit method [J]. Microwave

Theory & Techniques IEEE Transactions on, 1999, 47(10): 2003–2007.

[5] Zhao S, Wei G W. High-order FDTD methods via derivative matching for Maxwell’s equations

with material interfaces [J]. J. Comput. Phys., 2004, 200(1): 60–103.

[6] Chen W, Li X, Liang D. Energy-conserved splitting FDTD methods for Maxwell’s equations [J].

Numer. Math., 2008, 108(3): 445–485.

[7] Chen W, Li X, Liang D. Energy-conserved splitting finite-difference time-domain methods for

Maxwell’s equations in three dimensions [J]. SIAM J. Numer. Anal., 2010, 48(4): 1530–1554.

[8] Zeng F, Ma H, Liang D. Energy-conserved splitting spectral methods for two dimensional

Maxwell’s equations [J]. J. Comput. Appl. Math., 2014, 265: 301–321.

[9] Ma H, Qin Y, Ou Q. Multidomain Legendre-Galerkin Chebyshev-collocation method for one-

dimensional evolution equations with discontinuity [J]. Appl. Numer. Math., 2017, 111: 246–259.

[10] Canuto C, Hussaini M Y, Quarteroni A, Zang T A. Spectral methods[M]. Scientific Computation.

Springer, Berlin, 2007. Evolution to complex geometries and applications to fluid dynamics.

[11] Guo B, Sun T, Zhang C. Spectral and spectral element methods for high order problems with

mixed boundary conditions [J]. J. Comput. Math., 2014, 32(4): 392–411.

[12] Wang Z, Mu J. A multiple interval Chebyshev-Gauss-Lobatto collocation method for ordinary

differential equations [J]. Numer. Math. Theory Methods Appl., 2016, 9(4): 619–639.

[13] Ji Y, Wu H, Ma H, Guo B. Multidomain pseudospectral methods for nonlinear convection-diffusion

equations [J]. Appl. Math. Mech. (English Ed.), 2011, 32(10): 1255–1268.

[14] Bernardi C, Maday Y. Polynomial interpolation results in Sobolev spaces [J]. J. Comput. Appl.

Math., 1992, 43(1-2): 53–80.

[15] Schwab C. p- and hp-finite element methods[M]. Numerical Mathematics and Scientific Compu-

tation. The Clarendon Press Oxford University Press, New York, 1998.

[16] Ditkowski A, Dridi K, Hesthaven J S. Convergent Cartesian grid methods for Maxwell’s equations

in complex geometries [J]. J. Comput. Phys., 2001, 170(1): 39–80.


