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�¢¡PoD�=�����Ýx�obw�¡PrPi�r��uobpn�br�x�o8k¨w�¡Po�i\j�k��uif����t@w|���,obk1r��@w ¡Po�mfp|o �fj�rP�Pk=x�o�w�¡PrPifk,��×qt�k|j{x��f�s��w8j�tf�>�,�fjsifo if��D�,�uo�rumPw js� k-w�¡Po�x�obw�¡PrPi#£\o �8�ux�o�j{tP� p|o �gknj{tf�g��©<m\rum\�f���gp�iV�Po�w|r�jlwnk��@wqw|pn�,�bw�jl�uo��{o���w��Pp|o k�k �P� ¡R�uk�ob�uk|o�r��
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w|rRw�¡Po � ���f�-o�s�U� k�o �f�P�@w�jsrutPk,���1r0j{tPkn��pno�w8¡Po%t���x�o pnjs� �P��u� �,�Pp��u� ©0rP�w ¡Po%ëo8o%k�� ¡Pox�o�w�¡�o%knj{z|o%r��Ew�¡�o
k�mf�,w j��P�1}\tfj w|o!iVjl��o pqo,tP� o�k¥w|o8m�knj�zbo!¡P�gk�w r%£\o!k|x��u�y�so p´w�¡P�PtRw�¡�o!���,�go8�so8tf�w�¡#£P©#�<� obpqw|��jst0�{�u��wnrup�µ+*-,�wnr. ,%m\r�jst@wnk¢m\o p��-�,�uo8�so8t���w�¡��°®�® ý �b�fhA� wno�pntP�@w�js�,o,��©ª¡�jy�,¡�o8p�rgpqifo p>��¢���ñk��8¡Po8x�obk/&0'1(x��,©R£Vo��Pk|o i1�

×qtRrup�ifo�p-wnr%�,�urPj�i0tPrPtPmV¡g©Pk�jl� ���¨pqo$#fo �bw�jlr�tPk��{pqrPx¹�%}.t�j wno�� r�x�mV��wn�,w j�rPtP���¨�¢j�tPifr,�ù�¢¡Po,tRknj{x��f�s�,w j�tf�
�utvr,m�o8t�mfp�ru£V�so8x#µ7�u£fk|r,p|£Vjstf�#£\r��ftPi��upq©���rutfiVj w�jsr�t�k<��h�¬>±�kn��tPo�o ivwnr0£\o<j{x�mV��o,x�o,t@wno i��@w�w8¡Po%o�iV��o8k
ru�´w8¡Po#��r�x�mV�gwn�@w�jsr�t��u���¢j{tPifr����ù�¢¡Po0hA¬´±�kªx��fkíw<£�oª�g£V�so#wnr��g£fkqrgpq£Ý�-�,�uo kHw�¡P�@wªjyx�mVj{tf�@oªrPt w�¡�o
£\r���tPif�,p j�o�k�pqo,���up�iV�so k|k�r��\w ¡Po�m\r��l�upnj{z|�@w�jsrutR��tPiRw ¡Po�jyt��8jsifo8t@w¢��tf�g��o�k8�

¬Do8p�o8tf�@o8p�� k�m\o p �so8�|w �s©:x��@wn� ¡Po�i§�l�,©uo p%�U® �#¯ �>hA¬´±�k2& ')(rg�Vo�p�o|�f� o�s�so8t@w��g£fk|r,p|£Vj�tf�Rm\o8p|�srupnx��PtP� o<jst
��>���Â�gmfmV�{j�����w�jsrPtPk8�>×Uw�jsk¢£��ukqo�i0rPt#� r,�uobpnj{tf��w ¡Po���r�x�mV�gw|�,w�jsrPtP�u�7�¢jyt�ifr8�(�¢jlw ¡#��tPr@w�¡PobpAp�o8�ujsrut��¢j w ¡
i\j��\o8p�otw!���upíw�js}f�8js�u�{�-x��,wnobpnjs����mVp�rum\o p¥w8jlo8k-kn��� ¡�w�¡��,w��!�-�,�uo>mfp|r,mf���@�,w�jstf���{pqrPx w�¡Po�jst,w|o8p|j�rgp��¢j��{�Vt�r,w¢£\o
p�o-#fo��|wno�i#�utfiR�,w�w ¡Po�kq�Px�o�w�j�x�o��¢j{���\i\o � �,©#j�tHw�¡�o�® �#¯ p�o8�ujsrut7�

h�x�rutf��w8¡Po�r,w�¡�o8p�h�¬´±�k8µV��tPk|mV��jlw¢® �#¯ & ')(¥µ+& ')(7r,pA�Pk|jyt���o8�so � w|pnjs��w ¡Po�iVjlkqm����u�box�ot@wAj{tPkíwno��,i0r��¨w�¡�o
o���ob�|w pnj��>}fo,��i<�PtPi�w�¡�oA�ftfjs�@��jl����® �#¯ � î ® �#¯ �3& '
(³µ�& '
(V�,p|o�w ¡PoAx�rukíw k|�P��� o8k�k �y���fob�Pwno8tPk jlr�tPkDwnr!¬-obpqo,tf�,o p® �#¯ ���¢¡Po��ftPk�mV�{j�w® ��¯ ��t�i î ® �#¯ ¡��,�uoDw�¡Po-�uif����t@w|���,obk=rP�Pru�\o p j�t��¢m\ruk�knjs£Vjs�yj w8j�o�k1r���k�jsx!�����,w j{tf��k�wnp|�P� �
w �Ppqobk¢}V�s��obiª�¢jlw ¡ªx�rgpqo���rux�mV�so|� x���w|o8p|j��u�sk¢j{tR�%k¥w|pq��j{�,¡@w��¦rupq�-�up�i#�S��©���Ú>o �go p¥w8¡Po���obkqk,µgw�¡�o�� r�x�mV��wn�,w j�rPt
�bruk¥wAj{tP�bpqo��ukqobk¢iV�Po>w|r�w�¡Po�j{t@wnpqrPiV���|w8j�r�tRrP�1tPo��Ø}fo,��i#��rux�mVrPtPotw k8�

ý ¡�j��so�j{x�mV�lox�o,t,w|��w8j�r�t�r��Dk|ru�Pp|� o k!jsk��#kíwnpq�Pj{�,¡,w8�srup��S�gpqi�mVp�rP� o8i\�Ppqo<jst�x��Ptu©��=������k jsx!�f�l�,w j�rut�kµ
�bo p�wn��jst��,mfmV�{j����,w j�rPtPk�pqo����\j�p�o<x�r,p|o!��r�x�mV�{j����,w|o i�mfpqrP� o�iV�Pp�o k,���¢¡Po%�8rux�m\�yjl�8��w jsr�tPk��br�x�o<�{pqrPx&w�¡�o%pqo �
�P�Vjlpqo,x�o,t@wnk-w|r�w|o p x!j{tP��w o¢�-�,�uo��u�fjlifo8kDw8¡P��w¢�up�o�o|�Pwno,tPifo iR£�o ©urPtPi%w ¡Po��,pnjli#£VrP�ftPif�gpnj�o�k8�h��{�\o|�f�8jlwn�,w j�rPt
w|o � ¡Vt�j��f�Po�kSj�t@wno,tPi�w|r�� r���mV�so-w�¡Po>o|�f�u�|w¢j�tP�,j�i�ot@wSm\r8�-o�pwnr�w ¡Po¢��>���«�@pnjsi1µg�u�y�lr,�Ý£f�u�|þ�pqo$#fo �bwno i%�-�,�,o8k
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At #PML cells=12, Reflectivity=10, and dz=0.05
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At #PML cells=12, polydeg=3, and dz=0.05
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At #PML Reflectivity=10, polydeg=3, and dz=0.05
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The waveguide is
extened to the Left PML

The waveguide is
extened to the right PML
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The Yee(2,2) scheme
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The Yee(2,2) scheme     
The Explicit(2,4) scheme
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Incident f ield is excited here Incident field is subtracted here
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The Implicit(2,4) scheme
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The extended waveguide
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