
HAL Id: inria-00074959
https://inria.hal.science/inria-00074959

Submitted on 24 May 2006

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Approximation des equations de Maxwell par des
schemas decentres en elements finis

Jean-Pierre Cioni, Loula Fatima Fezoui, Hervé Steve

To cite this version:
Jean-Pierre Cioni, Loula Fatima Fezoui, Hervé Steve. Approximation des equations de Maxwell par des
schemas decentres en elements finis. [Rapport de recherche] RR-1601, INRIA. 1992. �inria-00074959�

https://inria.hal.science/inria-00074959
https://hal.archives-ouvertes.fr


�

�

�������	�
��

���
�����
�������

����������������������� ������������ !�"�

�$#&%('()*'(+�'���,-'()/.0#&,-1
2�3 � 35476&39874:6;3
3 #<�=#�>?. 8(@ ,0'()/AB+ 3
3 ' 3 #<��+�'7. @ ,-'()/AB+ 3

�C.-D 6 )/,E��#B'()*DF.01*)/%
G�HI�JH!K5LNM

LPOBQ0O�K�RS,-1*TU.-#�# 3 � 3V2�39W
X 8 ,-# 4V3

� �3 1$HZY[MN\EO]Q_^P^_^P^

`badcec�fhgji0kmlen	`onqp-r�nBg-p-r�n

sut"vxwdyUv

z[{�|�}e{e~;����� �
���&���d�F�����N���P���:�����e������� ������P�����P���7���&�

�&���
�;�!���P���P�����F� ��P�j���e���

� �¡�¡¢ £¥¤ ¦]§ �©¨¡¦&£«ª ¬ ­¯® ­±°«² �©¨¡¦d£³ª ®
¬ ­ § �´¤¶µ ­u·E· �E� ¢ ¬ ­¯® ®¹¸¯º ­»§ � ®
¬ ­±¸¯­uª ¨¡¢¼­¯® ­»ª ­u·E­u§ ­»ª ¨³® ½m¦]ª ¦&®

¾N¿5À-Á�Â$ÃeÄ/¿9Å(Å7¿¹Æ�Ç(È�É�Ç
ÊÌË-Í�Î/ÀEÏ[Ð�ÑÌÈ�Ò�Ç
Ó�¿ÔÅ"Õ�Ö¿Ø×CÙ�ÐSÚ
Ð

ÏÛÖ¿9ÕCÅ"ÄÜ¿9Å
Ý5ÞPÞ]ß



� ����� ��� �
	 ���
��� � � ��� ��� � ���
��� � � � �
	 � � � ����� ��� � � ��� ����� ��	 � �

� ������� �
� ��� ��� ������	 ��� � � ��� � ���

!#"%$�&('*),+-"%././"1032/4657298
:<;>=@?-$BADCFEG46HI2,8
JK"%.ML3N"PORQSCDT�C 8U8

8WVYX[Z\V^]
_a`cb dfeg`,hi`�jlknmpoiqsrnt ] b dfqum(knvuqsw
xzyUyU{i| Z kn}idg`,hi`MwD~R}��cqsknv�`Mw
yU���z�Uy�� rnvu�(knbib�` |i� egrnb��M`

8U8W�\] jij ]D� ~%� ] � V^] � V���X
�z� |�� }�rnq���� � rUw�w�rn}ivud

��xUxl�M{ jlrnqub dft^_�v�kn}�h |�� egrnb���`



��������� 	
����
 ��������������

�����������! #"$�&%'�(� )

) *,+!-.��/02130 � 05476�8�9:02;'; <
=$>?= @�ACB(DFEHGJI$KMLON�P�QSRUTPVQ?P�W.EUXHI$YZD�[$K\TP�EUG]L^Y_Pa`:`b`:`�`�`�`�`�`�`�`�`�`�`:`b`:` c
=$>dc efXUIhgiQSjP�YkP�N�P:N�GmlnXoD$W.EHGJIhKp`�`�`�`�`�`�`:`b`:`�`�`�`�`�`�`�`�`�`�`:`b`:` q
=$>dr stK(N�P&LOuv@wPVEtuvx `�`�`�`�`�`�`�`�`�`:`b`:`�`�`�`�`�`�`�`�`�`�`:`b`:` y
=$>{z |iI$XHY_B}Q]DFEHGJIhKZW.I$KML~PVXH�$D�EUG?�CP�PVEv�2���(PVXHg�IhQJG�W.GJE}TPZ`�`�`�`�`�`�`�`�`�`:`b`:` �

< �k�!� ��� 8 % 1w6 �&%'�(�w�n 1��0 ��%��� 0 )()
c�>?= |iI$XHY_B}Q]DFEHGJIhKkYkGJ�2EUP�@fQ�TPVY�PVK�EoL#�(KiG]L��V��I$Q?BiYkP�Lf�(KiG�L�`�`�`�`�`�`:`b`:` =h=
c�>dc |#Q?Bi�ZN�TP&W.PVK2EUX}TP�NnR�IhX�N�XHPbB}K�`�`�`�`�`�`:`b`:`�`�`�`�`�`�`�`�`�`�`:`b`:` =�c
c�>dr @f�2EUPVK(L^GJIhKwjD�Q�R{I$XoN�XUP:N�PVB}�kPVE�EHXUIhG]L_`�`:`b`:`�`�`�`�`�`�`�`�`�`�`:`b`:` =�z
c�>{z u�X�D�GJEUP�YkPVK2E�N2P�LOW�I$K(N�G?EUG?I$K(LvD�Bi�kQJG?YkGJEHP�L_`:`�`�`�`�`�`�`�`�`�`�`:`b`:` =�y
c�>dq ��K2EiTPV[hX�DFEHGJIhK�P�K�EHPVYk�(La`�`�`�`�`�`�`�`:`b`:`�`�`�`�`�`�`�`�`�`�`:`b`:` =��

� � 8!���0 ��% 0 �!" 0 -��n 1��0 ��%��� 0 - < )

�:�(�!" ;  !-V%���� �( 

� �!� 0¡8!0 �n¢
£ I$KML~PVXH�$D�EUG?I$K5N2PbQ�D¤�}XUI$�}XUG�TP�EiTP�N�P:N�G?�CPVXU[hPVK(W.P�K�BiQ?QJP¥`�`�`�`�`�`�`�`�`:`b`:` rC¦

§ �0C¨2�0 � 0 �!" 0 - ©(©

G



����� §����k� 47��� ���
	 � � * �
�
� ��� ����	 *�� � 47� ��� �����
� � §�� � *p*!��� � 47� *�� � � � 	 � § � * � 	 ����� 4 � 	 � *�����	���*

� P�DFK��SefGJPVXHXUP £ �Us ���"!�#nI$B}Q]D |f@�$�s�%��&!('OPVXH��TP*)¡uv@ ��@

§ �0 -V 1��0,+ %OKiPZD��i�iXHIF�2GJY DFEUG?I$K5YkG?��EHP @fQVTPVYkP�K�EoL �(KiG�L �V��IhQJBiYkP&L �(KiG�L�W.IhBiX�D�Y��
YkP�K�E�PVYk�}QJI���TP�P�PVKwY TP�WVD�KiG]ACBiP�N�P�L
-(BiG�N�P�L�P�L^E�G]W.G\DF�i�}QJG]ACB\TPVP jD Q]D X}TP&L~I$Q?BiEUG?I$K�N�P�L
TP�ACB(D�EUGJIhK(L�N2P�x5D��/.�PVQJQiP�K_X}TPV[$G?YkP�EHPVYk�(I$XHPVQ�>0#nP�LUW��\TPVY DOBiEUG?QJG�L�TPvP�L^E�N,R�I$XoN�XUPtEUXHI$G�L P�K
EHPVYk�(L�PVEvPVKZP�L~�MD$W.PC>
stK L.R{GJK2EiTPVXHP�LUL^POG�W.G(�iQJB(L��MDFXUEHG]W.B}QJGSjP�XUPVYkP�KCEtjD�Q]D�L^GJY BiQ]D�EUGJIhKkN2P��iXUIhgiQSjP�YkP�L�N�P:N�G l,XoD$W1�
EHGJI$KZgiG�N�GJY�PVK(L~G?I$KiK}PVQ]LfPVKZYkG?QJGJP�B��iI$YkIh[}jPVK}PbP�Ev��IhBiX�N�P�L�YZD�EiTPVXHG]DFB}�_Q?GJK\TP�D�GJXHP�L.>

� � � ��	2������	�� � � ����� 4 � 	 � *#��� � 4 � *
��� § *3� ��4 ��	65 � � � 47� ��� ����� �
�
� ��� ���
	5*

��7 -.��� 6 "$� +98 |#G?KiGJEHP:��� IhQJBiY�P$��|#G?KiGJEHP1�S@fQJPVY P�K�EtYkGJ�2P�N DF�i�}XUICDhW �;!#Q]D�XU[hPVQJ� B(L~P&N
G?K £ |=<*!,G]LtDF�i�iQ?GJP�NZ�iPVXHP�EUI L~I$Q?�CP�K2BiYkPVXHG]WVD�QJQ?��EU�iP�EHGJYkP:�SN�PV�(PVKMNiDFK2Etx5DF�>.�PVQ?Q!L~�}L?�
EHPVY5>2u��iP:LUW��iPVYkPtB(L^P�N�G�L�EU�iG?X�NkI$XoN�PVXtD$W�W.BiX�D�EUP�g(I$EH� GJKZEHGJYkP�DFK(N L~�(DhW.PC>
@ P�DFXHP��(DFXHEUG]W�BiQ]D�XUQJ��W.IhK(W.PVXHKiP�N_�iP�XUP�.vG?EU�kEH�iP�L~G?Y_B}Q]DFEHGJIhK_I�AfgiG�N�GJY�PVK(L~G?I$KiKMDFQ,LUWVD�EB�
EHPVXUG?Ki[��iXUIhgiQJP�YZL1!CGJKZEH�iP:WVD$L^P�I�A QJG?KiP�D�XvYZDFEHPVXUG�DFQ,DFK(NZ�iI$Y�I$[$P�KiPVI$BML�YkP�N�G�D�>

G?G



��� �f��� 	����t� �	� �
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BiQ?GSjPVXHPVYkPVK2E�jDkBiK �iXHI$giQSjPVYkP�N2PkN�Gml,X�D$W�EUGJIhK5giG]N2GJYkPVKML~GJIhKiKiPVQ!N,R�BiKiP I$KMN�P_EHX�D�K(L~�CPVXoL~P
YZD�[$K\TP�EUG]ACBiP�
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 8 +�/��2.(W��(DFYk��YZDF[hKvTPVEUG�A¡B}P
3 ) 3 
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%OK}P TPVEHB(N�P�N2P�L �i�\TPVKiI$Y
jPVKiP�L�TPVQ?P�W.EUXHI$YZD�[$K\TP�EUG]ACBiP�L W.I$K(L^G]L^EUP jD:N�TPVEUP�XUYkG?KiPVXfQ?P�L�A¡B(D�EUXHP
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- Q?P_EH�vTPVIhXVjPVYkP NnR 8 Yk��jPVXHP !nACBiGf�(PVXHYkPVE�N2PZWVDFQ�W.BiQ?PVX�QJP W��(D�Yk�5YZDF[hKvTPVEHG]ACBiP�PVK��
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- Q�D�QJIhG!N�P�8�D�B(LUL !��(I L~EUB}Q]DFK2EtQ�R D�g(L~P�K(W.P�N�P:W��(DFXH[$P�YZD�[$K\TPVEHG]ACBiPC>
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x5D��/.�PVQJQ9.
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