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m�kt�po��}^�npo�~bidg

8 s}^¼wbk_c9vD^b~�npo�Ï'i�s�o���~�n9m�]d~b\po�m�]d~bs}i�]_�u��y�w1s�e_k_wbkfvD^�n�]_�9��wbo��usu]dcH��o_g
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Ê�A Î ��L?·�·�LNRSF¬LMRÁ7#!#£�7p·�(1���h¡dGS79R�FH£�8��¢WSCÇ£H¸ ¨Zs�efvDwbo�{&^b\pk;¥@x9\pk_~�kfm�suilw1k_e_w1]dx9\D^
k_§�]_il~bvD]_�=x9s�~b^-su�+~b\po
su�D�Do�w��Ãw1]_�Dsuv9^�k_§ ¤ ��o���kf� � k;¥
o�wq��]dc9^ � � w1]_su�D¥
ktkt���0�9s�~*�0kpgÉÖ#\po�]d~��Ãol�pi1\D]_�De_o�w�~bvpcBo_g#¨pw1kfm�~b\9su^�nK]_�D�

¨Zs�efvpwbo�{ �Ç� \pk_~�kfm'suilwbk_e_w1]dx9\9^
k_§S]_il~bvD]_�=x9s�~b^-su� ¤ �to���kf� � ^ � w1]_s}�p¥
ktk��'�&�Ds�~
�0kpg
Ö*\po�]d~-ol��iq\D]_�pe_o�w¼~bvpcBo_g

^bsum'su�u]dw©xH\pk_~�kfm�suilwbk_e_wq]dx9\D^�nB¥-o½s}�p§?o�w&~b\D]d~6]�wbo�]_^�kf�D]dcH��o�m�kt�Do���k_§-^bvDi1\2x9su~�~bsu�pe+]dw1o�~b\Dwbo�ol�¿�Dsum�o��9^bs�kf�D]_�
^�o�m�s��Ão��u�us�x9^bkfsu�D^�~b\D]d~�k_w1s�efsu�D]d~�o2su� ~b\Do2su�9�po�w��Ãw1]_�Ds}vD^½k_§6~bvpcBo�¥¢]_�u�u^�gÅ¨Zs�efvDwbo2Ö�su�u�uv9^�~�w1]d~�o�^�~b\poÉm�k��po�� n
~�k_e_o�~b\po�w&¥©s�~b\�s�~b^¦~b\pwbo�o��po�Ð9�9su�pe½x9]dw1]_m�o�~�o�wq^�nD~b\po�^�o�m'sÍ�¿]��to�^�n9��n � nH]_�D���&g
� yÑm�k��po��usu�pe2~b\po�x9su~½s}�Á~b\Dsu^�m�]_�D�Do�w�nJ¥-o�\pk_xBo3~�kP^bsum�x9�us�§Ny¬~b\po � su��º_o�w1^�o.x9wbk_c9��o�m�n � ¥©\Dsuiq\Ñsu^½~�k

�po�~�o�w1m'su�po�~b\po�^1s�Ó�o�k_§�~b\po.x9s�~.«No�^�xBo�i�su]_�}��y�s�~b^'�po�xD~b\ ¯ §Nwbkfm m�o�]_^bvpwbo�� �9]d~b]�gØ���Ñ~b\Dsu^�i�]_^�o_n¼¥-o�\pk_xBo
~�k��po�~�o�w1m�s}�po�~b\po½~b\pw1o�o�^�o�m'sÍ�¿]��to�^�n�~b\po�wbo�cty�^�kf��º�su�pe+~b\po�su�zº_o�wq^�o*x9wbk_c9��o�m�g6�¢��o�]dw1�uy_nh�4�po�~�o�w1m'su�po�^&~b\po
�po�xD~b\#k_§J~b\Do*x9su~�g&¨pw1kfmÈ~b\po��uk|¥-o�w6x9\pk_~�kfm�suilw1k_e_w1]dx9\#k_§J¨Zs�efvpwbo3{dn�¥
o½^�o�o½~b\D]d~�~b\po�x9s�~b^&]dxDxBo�]dw�~�k�cBo
i�s�w1i�v9�u]dw�nZ¥©\po��Á��ktk_rts}�pe#su��~�kÉ~b\po3su�D�po�w½^bvpwb§M]_ilo3k_§¦~b\po3~bvpcBo_nK¥©s�~b\Á]É�pkfm�s}�D]_�Çw1]_�9suvD^*k_§0��gj�f�_Ö_²¬su�9i1\�g
± o��Dilo_nZ¥
o�m�kt�Do��Ç~b\po�^�o+x9s�~b^�c�y¬^�o�~�~bsu�De#� ]_�D� � o�Ä�v9]_�Ç~�kÉ��gj�f�_Ö_²tg ° o�~b\po��Piq\pk�kf^bo���~�k�cBo�o�ÄtvD]_�
~�k�~b\po6�Ds��Bo�wbo��Dilo�cBo�~¿¥-o�o��.��gj�d����s}�Di1\¬«N~b\po��pkfm'su�D]_�H¥-]_�u�B~b\9suibr��po�^b^ ¯ ]_�D��~b\po�m'su�Dsum�vDm�m�o�]_^bvpwbo��3¥¢]_�u�
~b\Dsui1rt�Do�^b^�nD]_^¦efsuº_o��.su�3~b\po�xH\pk_~�kfm�suilwbk_e_wq]dx9\D^�g
�À~bvDc=o&su^-su�D^�xBo�il~�o��+c�y's}�D^�o�wb~bsu�De�]*ilkfs}�Hilkd�¿]��psu]_�u��y'~�k�~b\Do0~bvpcBo½«M])�jcBk_cDcHsu��ilkfsu� � ¯ ]_�D�+~b\po��3�pw1]|¥©su�pe

s�~�~b\pw1kfvpef\Á~b\po.��o��pe_~b\ k_§0~b\po�~bvDc=o_gÑ�¦\9su^½su^��pkf�po�k;º_o�w�m�]_��y¾~bvpcBo�^�n
ilkfm�x9w1su^bsu�De2]¬^bi�]_� k_§�^bo�º_o�w1]_�
~b\pkfvD^1]_�D�'§No�o�~�gÇ�¦\po&m�o�]_^bvpw1o��+�D]d~b]�]dwbo&~b\po�i1\D]_�pe_o�su�+sum�xBo��D]_�Dilo¦k_§�~b\po&ilkfs}�9]_^¢s�~
s}^
^bi�]_�9�po��'~b\Dwbkfvpef\
~b\po-~bvpcBo_g�����ol��o�i�vp~bsu�De0~b\po-su��º_o�w1^bs�kf�*xDwbk_c9�uo�m�n|¥-o-^1sum*v9�u]d~�o
m�o�]_^1vpwbo���sum�xBo��D]_�DiloJ�9]d~b]0cty�vD^bs}�pe©m�k��po��
�D]d~b]�e_o��Do�w1]d~�o��.cty ,�	���(qÊ9� ¡Ë np¥0\Dsui1\3¥-o�wbo�~b\Do��.^bvpc9m's�~�~�o���~�k'�0�Z� ¤ gD�©\po�kfvp~�x9vp~¼k_§E~b\po�o�^�~bs}m�]d~�k_w
su^¦]_��o�^�~bsum�]d~�o*k_§Z~b\po�^�o�m�s��¿]��to�^�n=��n � n=]_�D�#�´k_§K~b\Do�o��u�us�xH^�kfsu�D]_�Hx9s�~�n9]_^0�Dsu^�xH�u]�y_o���su���S]dc9�uo'{dg
��~¦kf�D�uy
~b]dr_o�^©]½§No�¥Åm�su�tvp~�o�^-~�k�ilkfm�x9vD~�o�]½~b]dc9��o�§?k_w¼~b\Do�s}�zº_o�w1^1s�kf��]_��e_k_w1s�~b\9m�n�¥0\Dsui1\3su^¢~b\Do���vD^�o���§?k_w0]_�u�=x9s�~b^�g
��vpcH^�o�Ä�vDo��z~b��y_nps�~¼~b]dr_o�^&]dcBkfvp~©Ö;�Ã�+^bo�ilkf�D�D^¼~�k'ilkfm�x9vp~�o�~b\po6w1o�^bvD��~b^¢§Nk_w©o�]_iq\.x9s�~�g
�¦\Do&w1o�^bvD��~b^-�Dsu^�xH�u]�y_o��3su���S]dcH��o�{&s}�D�Dsui�]d~�o&~b\D]d~¼~b\po6]_��k_e_w1su~b\Dm §?k_w¦�pkf�9�usu�po�]dw
o�^�~bsum�]d~bs�kf��s}^
w1o��usu]dc9��o

]_�D�3wbk_cHvD^�~�gÇ�¦\po6m�]��psum�vDm¹o�wbwbk_w©kti�i�vpwq^¼su���4§Nk_w¦���D�Dsui�]d~bsukf���0kpg
³tn9]_�9��su^¢kf�D��y2{�����nD¥©\Ds}i1\�su^¼ÄtvDs�~�o
~�kf��o�w1]dcH��o¼§?k_wJ~b\Dsu^K�Dsum�o��D^bs�kf�3«N~b\po¦¥©s}�p~b\�k_§=~b\Do¼x9s�~ ¯ gZ�¦\po¦sum�xBk_wb~b]_��~ZxBkfsu�z~Z~�k�cBo¦m�]_�Do¼§?wbkfm ~b\Dsu^K^�~bvD�Dy
su^�~b\po½wbo��}su]dc9su�usu~¿y.su�2wbo�ilkf�D^b~�w1vDil~bsu�pe��&n�~b\Do½^bo�m�sÍ�¿]��psu^�~b\D]d~��po�~�o�w1m'su�po�^&~b\po��po�xD~b\Ék_§-~b\po½x9s�~�g����D�po�o���n
~b\po½wbo�^bv9��~b^&k_§J~b\po�]_��e_k_w1su~b\DmÈsu�D�Dsui�]d~�o�~b\D]d~�~b\po�ilkfm�x9vD~b]d~bs�kf�¬su^�m�k_wbo�^�o��D^1s�~bs�º_o�~�k.�po�xD~b\2~b\po��2~�k�~b\po
�u]d~�o�w1]_���Dsum�o��D^1s�kf�D^�nt¥©\Dsuiq\�su^¼ol�p]_il~b��y3¥©\D]d~¼¥-o � wbo���ktk_r�su�pe½§?k_w��
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¨Zs�efvpwbo2Ö � ���u�uvD^b~�w1]d~bsu�peÉ]Pm�k��po��¼k_§�x9su~b^�]_^'~b\Dwbo�ol�¿�Dsum�o��9^bs�kf�D]_�¼^�o�m'sÍ�Ão��u�us�xH^�kfsu�D^*~b\D]d~'k_wqs�efsu�D]d~�o�s}�Ñ~b\po
su�D�Do�w��Ãw1]_�Dsuv9^Jk_§K]�~bvDc=o6¥¢]_�u� g
�¦\po6o��u�usux9^�kfsu��su^¦�po�ÐH�po���cty3su~b^¼~b\pwbo�o�^bo�m�sÍ�¿]���o�^�n9�*n � nH]_�D�#��gD�/~»y�xHsui�]_�
~bvpcBo¦su^
m�]_�po¦k_§�ilk_xDxBo�w��¿�Ds}ibr_o�� n�¥©s�~b\�� � ² � Öf�_���+{����d�D­�m�]_�9��� � {dgÇ�¦\Do¼kfvp~�o�w-�9su]_m�o�~�o�w
s}^Ç��g �d²dsu�Diq\�n
]_�D��~b\Do6¥-]_�u�h~b\Dsuibr��po�^b^©su^¼��gj�d���dsu�Diq\�g

�E]dc9��o©{ �E¤ ^�~bsum']d~�oÇk_§D��n � n;]_�D�½�É§Nk_w�~b\poJ^bo�m�sÍ�Ão��u�usux9^�kfsu�D]_��wbo�x9wbo�^�o���~b]d~bs�kf��k_§p~b\poJx9s�~b^��}]dc=o��uo������D�9sui�]d~bs�kf�
�0kpg
 ;� �tg

���D�9sui�]d~bs�kf� � w1s�efs}�D]_��®.k��po���Æ�]d~b]#«Msu� ¯ ª©o�ilkf�D^�~�w1v9il~�o���«N���zº_o�wb~�o�� ¯ Æ�]d~b]#«Msu� ¯
�0kpg
  � � ��gj�f�_Ö_²tn �0� ��gj�f�_Ö_²tnh� � ��gj�fÖ_� � � ��gj�f���z tn �0� ��gj�f�_ ��pnh� � ��gj�fÖ_�_ 
�0kpgÇ� � � ��gj�f�_Ö_²tn �0� ��gj�f�_Ö_²tnh� � ��gj�f �� � � ��gj�f���_�pn �0� ��gj�f�_  �tnh� � ��gj�f _Ö_²
�0kpg
² � � ��gj�f�_Ö_²tn �0� ��gj�f�_Ö_²tnh� � ��gj�fÖ � � � ��gj�f���z²tn �0� ��gj�f�_ f��nh� � ��gj�fÖ_³_²
�0kpg-� � � ��gj�f�_Ö_²tn �0� ��gj�f�_Ö_²tnh� � ��gj�f _  � � ��gj�f���z²tn �0� ��gj�f�_  �tnh� � ��gj�f �{��
�0kpg
³ � � ��gj�f²d�_��n �0� ��gj�z���_��nh� � ��gj�f �� � � ��gj�f²_²d��n �0� ��gj�f�_³_�tnh� � ��gj�f _Ö_³
�0kpg � � � ��gj�f�_Ö_²tn �0� ��gj�f�_Ö_²tnh� � ��gj�f _Ö � � ��gj�f���z²tn �0� ��gj�f�_  �tnh� � ��gj�f d� �

23rd Annual Review of Progress in Applied Computational Electromagnetics March 19-23, 2007 - Verona, Italy  ©2007 ACES

724
4



Ê�A � 	�R��H£t8;O;L?:=R2:�5�7��*:HU�YE<N£ �.��L?·fA ¨Esuefvpwbo
 0su�u�uv9^�~�w1]d~�o�^h]0ilkfm�x9��ol��x9su~�n�ilkfm�x9w1su^bsu�De¼~b\pwbo�o
s}�z~�o�w1^bo�il~bsu�pe
^�o�m�s��Ão��u�us�x9^bkfsu�D^�g��©\po¦�À]_�D� � ^�o�m�sÍ�¿]���o�^J]dwbo&��gj�f�_Ö_²�su�Di1\Do�^�n�]_^
cBo�§?k_wbo_nt]_�D��~b\Do&�Ñ^�o�m'sÍ�¿]��to�^-]dwbo&��gj�fÖ �tn
��gj�fÖ_��]_�D����gj�f ���su�Diq\po�^�gS���*~b\Dsu^Sol�to�wqi�su^�o_n_¥-o¢]_^1^bvDm�o-~b\D]d~E~b\po¼� ]_�D� � ^�o�m�s��¿]��to�^K]dwbo-r��pk|¥©�hnd]_^Z¥-o��u�t]_^
~b\po©�ukti�]d~bs�kf�9^Kk_§B~b\po©ilo���~�o�w1^Jk_§=~b\po©^bo�m�sÍ�Ão��u�usux9^�kfsu�D^�n�]_�D��~b\poZÂ�k_c+su^K~�k*�po�~�o�w1m�su�Do¼~b\po¦xDwbk_ÐH��ol�¿su���¿�po�x9~b\*k_§
~b\po�x9s�~�n�~b\D]d~¼su^�nt~�k��Do�~�o�w1m�su�po&~b\po�~b\pwbo�o��
�¿]���o�^�g ° o�v9^�o ,3	���(qÊD� ¡Ë �Ãe_o��po�w1]d~�o��.su�Dx9vp~
�9]d~b]½~�k��0�Z� ¤
]d~�^bsÍ�2§?w1o�Ä�vpo��9i�s�o�^�nÇ{��dr ± Ó_nKÖd�dr ± Ó_n��f�dr ± Ó_nK���dr ± Ó_nZÖd�_�dr ± Ó_nZ]_�D�P���_�dr ± Ó_nE¥©s�~b\É~b\po�wbo�^1vD��~b^�^b\pk;¥©�¬su�
�E]dc9��o�Ötg¦�©\po*su��~�o�wbo�^�~bs}�pe�wbo�^bv9��~©su^©~b\po*]|º_o�w1]de_o�k|º_o�w�~b\po�^bsÍ��§?w1o�Ä�vpo��9i�s�o�^�g0�¢��o�]dwq��y_nD~b\po*wbo�ilkf�D^�~�w1v9il~bs�kf�

�E]dc9��o�Ö �6¤ ^�~bsum']d~bs�kf�2k_§
~b\pw1o�o+�
�¿]��to�^�§Nk_w�~b\po�ilkfm�xH��ol�2^�o�m'sÍ�Ão��u�us�xH^�kfsu�D]_��xHs�~6m�kt�Do�� g��¦\po½wbk;¥��u]dcBo���o��
� ¨pwbo�ÄHg
�0ºtepg � su^¼~b\po�]|º_o�w1]de_o�k_§E~b\Do6wbo�^bvD��~b^¢k;º_o�w0~b\Do�^bsÍ��§?wbo�Ätvpo��Di�suo�^�g

¨Dwbo�Ä¬«Nr ± Ó ¯ ª¦o�^bv9��~
{�� «M��gj�fÖ_�tnB��gj�fÖ_Ötn=��gj�f _Ö ¯
Öd� «M��gj�fÖ_�tnB��gj�fÖ_ tn=��gj�f _Ö ¯
�f� «M��gj�fÖ_�tnB��gj�fÖ_ tn=��gj�f _Ö ¯
��� «M��gj�fÖ_³tnB��gj�fÖ_ tn=��gj�f _  ¯
Öd�_� «M��gj�f _ÖtnB��gj�fÖ_�tn=��gj�f _� ¯
���_� «M��gj�f _ tnB��gj�f d��n=��gj�f f� ¯

¨pwbo�ÄHgJ�0º�epg «M��gj�fÖ �tnB��gj�fÖ_²tn=��gj�f �� ¯
�Sw1vpo «M��gj�fÖ �tnB��gj�fÖ_�tn=��gj�f �� ¯

su�+�po�xD~b\�su^Jw1k_c9vD^�~�nto�^�xBo�i�su]_�u��y½¥©\Do��'§Nwbo�Ätvpo��Dily�^bi�]_�D�9su�pe�su^-su�Dilk_w1x=k_wq]d~�o��+]_��kf�De*¥©su~b\'^�x9]d~bs}]_�H^bi�]_�9�Dsu�pepg
�¦\po½m�su�9�D��o���k_cBo_nB¥©\Ds}i1\Ésu^0o �=o�il~bs�º_o��uy2��kf^b~&su�#~b\po½xDwbo�^bo��Dilo½k_§
s�~b^&~¿¥-k.�u]dwbe_o�w6�po�suef\zcBk_w1^�nBsu^�^�~bsu�}�SÄtvDs�~�o
]_i�i�vpw1]d~�o��uy�w1o�ilkf�D^�~�w1vDil~�o��hg
Ê�AuÊ 5'W�79R=·�LP5¿[�LMR�FØ�*:98�8�:9O|LN:HR@�-:9YJ:H<N:9F9[´LMR@��LN8�¡f8�7 5Ã·��B·|8dW�¡f·;W�8�£tO 9 � ,�7H<NLN>E7p·;LN:HRØÌ+L?·;GQ� �hYÇ£�8|(
LMUP£�R=·|79<���7D·|7/� ¨Zs�efvpwbo+�#su�u�}vD^�~�w1]d~�o�^�]2ilk_wbwbkf^1s�kf��~�k_xBkf��k_e_y�x9wbk_c9��o�mÒ~b\9]d~ � suil~�k_w½��o�iq\D�pkf��k_efs�o�^�¥¢]_^
su��º_kf��º_o��3¥©s�~b\�§Nk_w¼~b\po6�0suw¦¨pk_w1ilo��0efsu�pe��&s�w1ilw1]d§N~ � wbk_e_w1]_m�gJ����~b\Dsu^¢x9wbk�Â�o�il~¼]_il~bvD]_���D]d~b]½¥
o�w1o6~b]dr_o���kf�
m�]_�tvp§M]_il~bvpwbo���xHs�~b^�n�]_�9��¥-o0�po�º_o���k_xBo��+m�kt�Do��Í�Ãc9]_^�o��+su�zº_o�wq^bs�kf��]_��e_k_wqs�~b\Dm�^J~�k�wbo�ilkf�D^b~�w1vDil~J~b\Do©x9s�~b^�gE�&�
su��~�o�wbxBkf�u]d~bsu�pe�e_w1su�É~b\9]d~�su^6^bvDs�~b]dcH��o½§?k_w6xBkf��y��pkfm�su]_���¿^�x9�usu�Do�su��~�o�wbxBkf�u]d~bs�kf�Évpx¬~�k�k_w1�po�w�§?kfvpw�s}�#~b\Do�~¿¥-k
x9]dw1]_m�o�~�o�w1^�n�ª©]_�Dsuv9^J]_�D� ± o�suef\z~-k_§�~b\po�ilk_wbwbkf^bs�kf�'x9s�~�n�su^ÇxBk_x9v9�u]d~�o���¥©su~b\>�jc9��o��9�Dsu�pe6§MvD�Dil~bs�kf�9^ � ~b\D]d~¢]dwbo
ilkfm�x9vD~�o��#vD^1su�pe ,�	���(qÊD� ¡Ë nB]_�D�.x9�}]�y�~b\po*wbkf��o�k_§Ç\9]dw1�p¥¢]dwbo*^�~b]_�9�D]dw1�D^0su�.]_�D]_��k_ed�ÃcH]_^�o��Ésu�D^�xBo�il~bs�kf��g
�¦\po�w1o¦su^Ç�pk�v9^�o¦§Nk_w
\D]dw1�D¥-]dwbo¦^b~b]_�D�D]dw1�D^�nz]_�D]_��k_e�su�D^�~�w1v9m�o��z~b^Zk_w
k_xBo�w1]d~�k_w
su��~�o�wbº_o���~bs�kf�H­�su��~�o�wbxDw1o�~b]d~bs�kf�
su��m�k��po��Í�ÃcH]_^�o���su��º_o�w1^bs�kf��g
����~b\Do-i�vpw1wbo��z~Esu�D^�xBo�il~bs�kf��x9]dw1]_�Ds�efm.n�su�*¥©\Ds}i1\ � � wbk_c9]dc9s}�us�~¿y&k_§9Æ&o�~�o�il~bs�kf� � su�Do�]_^S]dwbo¢vD^�o��hn;kf�po¢m�s�ef\�~

cBo�ilkf�9ilo�w1�po��¬]dcBkfvp~6vD�Dilo�wb~b]_s}�z~bs�o�^�su�2~b\po�\pkf^b~�«M]_�}vDm�su�tvDm ¯ ilkf�D�DvDil~bs�º�s�~»y�su�2¨Esuefvpwbo½�pn�k_w6xBo�w1\D]dx9^&su�
~b\po��us�§N~��Ãk �EnDk_w0o�º_o���~bs}��~��¿]_�pef��o�k_§K~b\Do�xDwbk_cBo_g-���.m�kt�po����Ãc9]_^�o��.su��º_o�w1^bsukf��nD~b\po�^�o)� vD�Dilo�wb~b]_s}��x9]dw1]_m�o�~�o�wq^ �
]dwbo&�uvDm�xBo���su��~�k�~b\po&vD�pr��pk|¥©� � � ^Jkf�'~b\po©w1suef\z~��¿\D]_�9��^bsu�po¼k_§J«�{ ¯ n�]_�D�'~b\po��'�po�~�o�wqm�su�po���]_�ukf�pe�¥©su~b\�~b\po
\po�s�ef\�~¢]_�D�'wq]_�DsuvD^Jx9]dw1]_m�o�~�o�w1^-k_§�s}�z~�o�wbo�^b~�gÇ¨Dvpwb~b\po�wqm�k_wbo_np�0�Z� ¤ ¥©su�u�Defs�º_o&]½m�o�]_^1vpwbo©k_§�~b\po&^bo��D^bs�~bs�º�s�~»y
k_§�~b\Do�^bkf�uvp~bs�kf�+~�k�o�]_i1\�k_§�~b\po�^�o6ºd]dw1su]dc9��o�^�n�¥©\9sui1\�su^¢]�x9]dwb~bsu]_�Í�¿s}�D�Dsui�]d~�k_w-k_§h~b\po6ÄtvD]_�us�~»y�k_§�~b\po6^�kf�}vp~bs�kf��g
Ê�A��@�3R"�3<NF9:H8�L?·;GEU 5¿:H82	�U�YE8;: ��LMR�F´��£�¡f:=R�O�·|8�WS¡_·;LN:=R�O_¸/° o'\D]|º_o+�po�º_o���k_xBo���]_��]_��e_k_w1s�~b\9mÈ~b\D]d~
^bsum�vD��~b]_�Do�kfvD^b��y�vpx��D]d~�o�^
~b\po6�pkfsu^�y�m�o�]_^bvpwbo��+wbo�^bsu^b~b]_�Dilo6�D]d~b]�¥0\Dsu��o&^�kf��º�su�pe�~b\Do&su��º_o�w1^�o&xDwbk_cH��o�m�gZ�¦\po
]_��e_k_w1su~b\Dm�n¦¥©\9sui1\Qsu^3su�u�uvD^b~�w1]d~�o��Øsu�Q¨Zs�efvpwbo¬²tn0vD�u~bsu�us�Ó�o�^'~b\po2�Dk_~bs�kf�Øk_§*xDwbk�Â�o�il~bs�kf�D^+kf�z~�k ilkf��º_ol�À^�o�~b^
« �-� �¦� ¯ g
�¦\Do3]_�ue_k_w1s�~b\Dm�xDwbk�ilo�o��D^½s�~�o�w1]d~bsuº_o���yP~b\pw1kfvpef\Á]¬^�o�w1s�o�^�k_§0^b~�o�x9^½~b\D]d~�^�o�Ätvpo���~bsu]_�u��yPi�]_�}�u^½�0�Z� ¤ ~�k

xBo�wb§Nk_w1m ]_�.su��º_o�w1^bsukf��n ,�	���(qÊD� ¡Ë ~�k'xBo�wb§Nk_w1m ]+�Ds�wbo�il~¦i�]_�ui�v9�u]d~bs�kf��n9]_�9�.]_�.k_wb~b\Dk_e_kf�D]_�hxDw1k�Â�o�il~bs�kf��~�k
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Bobbin

Coil

0.026 in
0.034 in

0.0625 in 0.0625 in 0.0625 in 0.0625 in

0.029 in

Tube Axis

Tube Wall

Complex Semi−Ellipsoidal Pit

¨Zs�efvpwbo&  � ���u�}vD^�~�w1]d~bsu�De�]*ilkfm�x9��ol��x9su~Ç~b\D]d~¢ilkfm�xDw1su^bo�^K~b\pwbo�o&su�z~�o�wq^�o�il~bsu�pe�^�o�m�sÍ�Ão��u�}s�x9^�kfsu�9^�nd¥©\pkf^�o©�9sum�o����
^bs�kf�9^¼]dwbo�^b\pk;¥©��g

ScanCoil

Core

X

Z

6.35mmσ = 30%Aluminum : IACS

3.175mm

Pit PH1

PD

¨Zs�efvpwbo�� ��� vD]_��~bs�§Nytsu�De3ilk_w1wbkf^bs�kf�¬~�k_xBkf��k_e_y¬su�P]_s�w1ilw1]d§N~�^�~�w1vDil~bvDwbo�^�g �
± {��Do��pk_~�o�^�~b\po+\po�s�ef\�~�k_§¼]�x9s�~
��y�su�pe�su�3~b\po�vDxDxBo�w��¿\D]_��§hk_§Z~b\po6¥-k_wbrtx9s�o�ilo_g

X

R

Xmeas

meas
R

R

R

R 3

2

1

(PH2,PD2)1

(PH2,PD2)2

(PH2,PD2) 3

X1
X

2
X3

¨Zs�efvpwbo.² � ���u�uvD^�~�wq]d~bsu�pe�~b\Do3s}�po�]2k_§0xDw1k�Â�o�il~bs�kf�9^*kf��~�kPilkf��º_ol� ^�o�~b^�« �-� �¦� ¯ §?k_w�sum�xDwbk|º�su�pe2wbo�^bs}^�~b]_�Dilo
�D]d~b]��9vpw1su�pe�~b\po�s}�zº_o�w1^1s�kf�3xDwbk�ilo�^b^�g
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wbo�~bvpwq��~b\po�sum�xBo��D]_�Dilo0ilkfm�x9vp~�o���cty ,3	���(qÊD� ¡Ë c9]_ibr'~�k*~b\po�^�~�w1]_suef\z~¢�usu�po_n � � ��� ����� nt~b\�vD^¢]_^b^1vpw1su�pe~b\D]d~J]_�}��§Nvpw1~b\po�wÇsu�px9vD~E�D]d~b]�~�k��0�Z� ¤ ¥0su�u�t]_��¥-]|yt^
\D]�º_o � � � � ����� ]_^Jsu~b^Zwbo�]_il~b]_�Dilo��D]d~b]�gK�¦\Dsu^Zo��D^1vpwbo�^~b\D]d~¢~b\po�]_��e_k_w1s�~b\9m ¥0su�u�pcBo&e_wbkfvD�D�po���su�+~b\po6m�k_wbo&wbo��usu]dcH��o©ilkfm�xBkf�po���~¢k_§h~b\po�k_w1s�efsu�9]_�9m�o�]_^bvDwbo��3�D]d~b]�g
�¦\Do0wbo�^1vD��~b^-k_§�w1v9�D�Dsu�pe�~b\po �-� �¦�']_��e_k_w1su~b\Dm kf�3~b\po�xDwbk_c9��o�m k_§S]�x9su~-��y�su�pe�su�+~b\po�c=k_~�~�kfm��¿\D]_��§�k_§

¨Zs�efvpwbo6�+]dwbo��usu^�~�o���s}���S]dc9�uo� tg

�E]dc9��o+  � ª©o�^bvD��~b^�k_§¦]dxDx9��y�su�pe3~b\po �-� �¦��]_��e_k_w1s�~b\9m ~�k#]#x9s�~*��yts}�pe.su�¬~b\po+cBk_~�~�kfm½�¿\D]_��§¼k_§¦¨Zs�efvpw1o��pg
�	� s}^¼~b\po*^1i�]_��o�§M]_il~�k_w0wbo��}]d~bsu�pe�~b\po*sum�xBo��D]_�Dilo�]d§N~�o�w0~b\Do�ÐDw1^�~0s�~�o�w1]d~bs�kf��~�k+~b\po�k_wqs�efsu�D]_���D]d~b]�n � 	 su^©~b\po
^bi�]_��o�§M]_il~�k_w&w1o��u]d~bsu�pe+~b\po�s}m�xBo��D]_�Dilo�]d§N~�o�w�~b\po�^bo�ilkf�D�És�~�o�w1]d~bs�kf�#~�k+~b\9]d~&]d§N~�o�w�~b\po*Ð9w1^�~�nB]_�D� � � su^0~b\po
^bi�]_��o�§M]_il~�k_w¼wbo��u]d~bsu�De*~b\po�sum�xBo��D]_�9ilo0]d§N~�o�w¼~b\po�~b\Ds�w1��s�~�o�w1]d~bs�kf��~�k½~b\D]d~¼]d§N~�o�w¼~b\po&^bo�ilkf�D��g ° o��pk½�pk_~¢e_k
]_��y�§Mvpwb~b\Do�w¦cBo�i�]_vD^�o � � su^¼º_o�wby�i���kf^�o�~�k+vD�Dsu~¿y_g
�©\po � ¤ w1wbk_w � su^¼cBo�~»¥
o�o��#~b\po�Ð9�9]_�hilkfm�x9vp~�o���e_o�kfm�o�~�wby
]_�D��~b\Do,� �©kfm�s}�D]_� � «Nol��x=o�wqsum�o���~b]_�u��y+�Do�~�o�w1m�su�po�� ¯ e_o�kfm�o�~�wby_g

�0�Z� ¤ ��� ¤J� « �
± Ötn � Æ6Ö ¯ �
� « Ötgj�f²_Ötnu{dg Ö�� ¯ � � �_³f�d²f� 4 
 � � �z�dÖ��zÖ_ 
{ «�{dg �d³_³��pnu{dg  d�f²_Ö ¯ � � �_³_³_²_Ö 4 
 � � �p{� _Ö_³_²
Ö «�{dg ²_²_Ö_³tnu{dg  _�_�d� ¯ � � � � �_�d� 4 
 � � �p{l�z²d�f³
  «�{dg Ö_�_Ö_²tnu{dg×�z³ ��{ ¯

�©kfm'su�D]_� «�{dg  _ _³_�tnu{dg ²_Ö_�_² ¯ ¤ wbw1k_w � « �tgj����n=Ötg ² � ¯

�¦\Do0su�pxHvp~Jsum�xBo��D]_�9ilo©�D]d~b]�e_o��po�w1]d~�o��3cty�~b\po �-� �¦�']_��e_k_w1su~b\Dm�]dwbo�^b\pk;¥©��su�+¨Zs�efvDwbo&�tgÇ�0k_~�o�~b\D]d~
~b\po½wbo�^bs}^�~b]_�Dilo��D]d~b]�]dxDxDw1kf]_i1\É~b\po � m�k��po�� � ¥©s�~b\#o�]_i1\�s�~�o�w1]d~bs�kf��g��©\po½wbo�]_il~b]_�Dilo�^6cBo�\D]|º_o�su�#]�^1sum�su�u]dw
m�]_�D�Do�w�n�c9vp~6�pk��pk_~�iq\D]_�pe_o']_^�^b~�wbkf�pef��y#§?wbkfmÒsu~�o�w1]d~bs�kf�É~�k.s�~�o�w1]d~bsukf��g � �D��y.~b\po�m�o�]_^bvpwbo��Éwbo�]_il~b]_�9ilo
�D]d~b]#]dwbo'vD^�o���su�Éo�]_i1\Ás�~�o�wq]d~bs�kf��g'��~�su^�i���o�]dw*~b\9]d~�~b\po'sum�xDwbk|º_o�m�o��z~�su�¬~b\po�w1o�ilkf�D^�~�w1vDil~bsukf�Psu^��9vpo�~�k
~b\po&sum�xDwbk;º_o���wbo�^1su^�~b]_�Dilo&�D]d~b]*�9vpw1su�pe6~b\Do0s�~�o�w1]d~bsukf�D^�gK¨Zsu�D]_�u��y_nz¥
o�^�~�wbo�^b^
~b\D]d~
¥
o��po�º_o�w¢vD^�o¦~b\po � m�k��po�� �
�D]d~b]+cBo�i�]_vD^�o�~b\Do�m�k��po��Ssu^©�pk_~&r��pk|¥©�#~�k3vD^ ? A�BDCFE$B=C?g&���9�po�o���nH�Do�~�o�w1m�su�Ds}�pe�~b\po½m�kt�Do���su^©~b\po*w1o�]_^�kf�
§Nk_w©�pkfsu�pe�~b\Do�su�zº_o�wq^bs�kf��su�3~b\po�ÐDw1^�~¼x9�}]_ilo_g

�hA½�*:=U�U�£�R=·|O½79R�>4�*:=R�¡z<MWSO|LN:HRSO

®�kt�po����Ãc9]_^�o��Ésu��º_o�w1^bs�kf��n=¥©\Ds}i1\2su^&x9�u]�y�su�pe�]_�Ésu�Dilwbo�]_^bs}�pef��y.sum�xBk_wb~b]_��~©w1kf��o�s}�#~b\Do��po�º_o��uk_x9m�o���~&k_§-]_���
ºd]_�Dilo��´~�o�i1\D�Ds}Ä�vpo�^�k_§*o���o�il~�wbkfm�]def�po�~bs}i2�&Æ ¤ n¼�po�xBo��D�D^�ilw1vDi�s}]_�u��yÁkf�´~b\poÉw1]dx9su�Q^�kf�uvp~bs�kf�Qk_§�§Nk_wb¥¢]dw1�
xDwbk_cH��o�m�^�n�]_�D�2kf�É~b\po��po�º_o��uk_x9m�o���~6k_§
]_i�i�vpw1]d~�o+m�kt�Do��u^&k_§
]_�pkfm�]_�}s�o�^�~b\D]d~6i�]_�¬cBo��Do�^bilw1s�cBo��2¥©s�~b\É]
§No�¥"xH]dw1]_m�o�~�o�w1^�g ° o�\D]|º_o�^b\pk|¥0��~b\D]d~�~b\po�º_kf�uvDm�ol�¿su�z~�o�e_wq]_�E]dx9xDwbkf]_i1\2¥-k_wbr�^0¥-o��u�S¥©s�~b\Ds}�.~b\Dsu^0§Nw1]_m�ol�
¥-k_wbrHnÇ]_�9�P~b\D]d~½^�k_x9\9su^�~bsui�]d~�o���su�zº_o�wq^bs�kf�¾]_��e_k_w1s�~b\Dm'^�i�]_�¾cBo'e_o��po�w1]d~�o��¾~b\pw1kfvpef\P~b\Do+º_kf�uv9m�ol�¿su��~�o�e_w1]_�
§Nk_w1m*v9�u]d~bs�kf��gE�¦\po-xDwbkfm�su^bo_n�~b\Do�wbo�§?k_w1o_nfsu^E~b\D]d~Km�kt�Do��Í�Ãc9]_^�o���su��º_o�w1^bs�kf�*¥©su�u�zo�º_kf��º_o¦ÄtvDsuibr���y�su��~�k�]0w1o��usu]dc9��o
~�ktkf�9§Nk_wJ~b\po&]_�D]_��y�^bsu^Jk_§=xHs�~�~bsu�pe�]_�9�'ilk_wbwbkf^1s�kf��x9\Do��pkfm�o��D]�s}�']dwbo�]_^-]_^
�9s�º_o�w1^�o&]_^
�tvDi���o�]dw
x=k;¥
o�w-x9�u]_��~b^
]_�D�.]do�w1kf^�x9]_ilo*^b~�w1vDil~bvpwbo�^�g


���
��������������

ÔÍ{aÕ ± gz�*g���]dc9c9]def\�]_�D���JgzÆ�g���]dc9c9]def\�n � �¦\Do&�-kfm�x9vD~b]d~bs�kf��k_§�¨Zs�o��u�D^Ç]_�9�+��s�ef�D]_�}^KÆ&vDo0�Sk�¨po�wbwbkfm']ded�
�Do�~bsui¦�&�pkfm�]_�us�o�^�n � �-kf�p§No�wbo��Dilo � wbk�ilo�o��Dsu�pef^ � ª©o�ºts�o�¥Øk_§ � wbk_e_wbo�^1^Jsu� � vD]_�z~bsu~b]d~bs�º_o0�0kf�D�po�^�~�wqvDil~bs�º_o
¤ º�]_�}vD]d~bs�kf��n � kf�uvDm�o*� � n�Æ�g � g=�¦\pkfm�xH^�kf��]_�D�#Æ�g ¤ gB�¢\Ds}m�o��z~bsÃnDo��D^�g�n � ��o��tvDm � wbo�^b^�nE{ �_³f��n�xDxhg
{��_² �;�1{��_���pg
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¨Zs�efvpwbo'� � ���px9vp~6sum�xBo��D]_�9ilo��D]d~b]�e_o��po�w1]d~�o���cty2~b\Do �-� �©�É]_��e_k_w1s�~b\9m ]dxDx9�usuo��#~�k#x9\9Ö;�»²d��nZs g×o_g�nZ]�x9s�~
��y�su�pe�su�2~b\po½c=k_~�~�kfm \D]_��§Çk_§-¨Esuefvpwbo½�pn�¥©s�~b\É]3�pkfm�su�9]_�E\Do�s�ef\z~&k_§¼²d��� ~b\pwbkfvpef\��Ã¥¢]_�u� g*�¦\po½��vDm*cBo�wbo��
�D]d~b]½ilk_wbwbo�^bx=kf�9�'~�k.« �J± Ö �b� Æ�Ö ¯ 	 nh« �
± Ö �b� Æ6Ö ¯ �0]_�9�É« �
± Ö �b� Æ6Ö ¯ �0efs�º_o��3su�+�E]dc9��o� tgJ�ho�§N~ � wbo�^bs}^�~b]_�Dilo�.
ª©suef\z~ � w1o�]_il~b]_�Dilo_g

Ô×Ö;Õ ± gH�*gB�p]dcDc9]def\�n9ª�gH¶�g=®�vpw1x9\zy_n µ g=��gH�Swbo�o�ilo�]_�9���Çg ° g ° k�kpn�� �0xDx9�usui�]d~bsukf��k_§ � kf�uvDm�ol�Ã���z~�o�e_wq]_�
®�k��po��u^6~�k¬�t~�o�]_m � o��po�w1]d~�k_w½�SvpcHsu�pepn � �¢kf�p§?o�w1o��Dilo � w1ktilo�o��Ds}�pef^ � ª©o�ºts�o�¥ k_§ � wbk_e_wbo�^1^*su� � vD]_���
~bsu~b]d~bs�º_o��0kf�D�po�^b~�w1vDil~bs�º_o ¤ ºd]_�uvD]d~bs�kf��n � kf�uvDm�o�{l�f��nBÆ�g � g=�¦\pkfm�xH^�kf�.]_�D�2Æ�g ¤ g��¢\Dsum�o��z~bs n9o��D^�g�n
� ��o��tvDm � wbo�^1^�nh{ � �_²tn9xDx�g9Ö_³_ ;�»Ö_³ �tg

Ô× ;Õ�ª�gK¶�gÇ®�vpw1x9\zy_n ± gK��g
�p]dcDc9]def\�n µ gÇ��gZ�Swbo�o�ilo.]_�D�Á�Jg ° g ° ktkpn0� � � kf�}vDm�ol�Ã���z~�o�e_w1]_�&�-kt�Do+§Nk_w
¤ ��o�il~�wbkfm�]def�Do�~bsui.�0kf�D�po�^�~�w1v9il~bs�º_o ¤ ºd]_�uvD]d~bsukf��n � �-kf�D§?o�wbo��9ilo � wbk�ilo�o��Dsu�pef^ � {_{l~b\Ø�&�D��v9]_�¼ª¦o�º�s�o�¥
k_§ � wbk_e_w1o�^b^�su�´�©xDxH�us�o��À�-kfm�x9vp~b]d~bsukf�D]_� ¤ ��o�il~�wbkfm�]def�Do�~bsui�^�n�®.kf��~�o�wbo�y_n��¢�*n¦®�]dw1iq\ÅÖd���»Ö_²tn6xDxhg
{�� �;�1{_{��tnZ{ � �_²tg
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