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° iZ�{g3f�Ç{Ì:Â³n�wyfvg�~�pIiZ�qf;� �	����� ° h�iqd���l3p{�{� Ð hm�{l�kx� 6 � ©]Gª�
ÓKl3fegow,lop=kmfv�;hjiqgoz¯�¨¦O� �q� ux ¯� ° Ä��'� ¿{� Ç;�;� Ç{� Iq©�� � �ª©�¿=­° h�i@M¸Þ�fepy�Zkj|yfvpylopy��� �r�r� �q�q� KHKoK
Â�i�¦�fv¦�dv�yh�z�lonqp�¦�� ��� ���r� ÇZ¿{� �q­=� Çq¿{�ª©Z� �Â³iZkmhjl�¦� � Ç � I��e�ZI � � ¹,) � � � �ª©��$K � �xÇ � ­;¹,) � � Ä � �o�aIq©��x­ZI�Ç;�q¹") � � Ä � �o�eÇ;�;� � ��¿oK;¹,) �!�Ä � � ¿I� � K{�aI � � ¹") � � � � Ç;� � �e�;�y�eÇ;¹,) �!� Ä � � ¿;�=©�¿ � IHIq�Z¹6Ä � � Ä � � © � � K;©Z­ � Ç;¹6Ä � �Ä � �3�@I�­;©;©Z­ � � ¹") � � Ä � �3�xÇ �!� IZ©q­;�q¹,) � � � � K;�Z¿{�x­Z¿=ÇqÇq¹") � � � �ª©oI � Çy�x�Z¿��Z¹,) � �Ä � � ­qÇq¿;�;� � �!� ¹6Ä � � Ä � � ©HKq­;©qÇy�;�x�Z¹LÄ � � Ä � �o�e­=� � © � IZÇq¹") � � � � ­;©qÇ � Iq�q©HKq¹,) �!�w�fvk � �q� � �!� �!� � �!�

° iZ�{g3f¯¿{ÌLÂ³n�wyfvg�~�p{iq�qf;� ������� Ð hj�yl3ke��6 � �x�
ÓKl3fegow,lop=kmfv�;hjiqgoz¯�¨¦O� �q� ux ¯� ° Ä��'� ¿{� ÇqÇ{� Çy� ­q­*I � � ­;ÇHK° h�i@M¸Þ�fepy�Zkj|yfvpylopy��� �r�r� � � ©ZI�Ç;ÇHK;�HKÂ�i�¦�fv¦�dv�yh�z�lonqp�¦�� ��� ���r� ���o�x�;© ��� ÇqÇq¿
Â³iZkmhjl�¦� � �oK � ­q­HK � � ¹,) � � � �ª©Z�oK;© � KHK � ¹,) � � Ä � � �q¿*ILKqÇy�;�eÇ;¹6Ä � © � � ­q­;�HK � �;�Z�;¹6Ä � ©Ä � �o�x�q­qÇy� � �!� ¹6Ä � � � � �ZI��e�q�oKHKq¿;¹,) �!� Ä � �3�;�x©Z¿=©q©ZIZ©q¹6Ä � � Ä � �o� � �;­HK;�;�q©q¹6Ä � �Ä � �ª©q©q�ZIZ© � �!� ¹6Ä � � Ä � � Çq¿ �!� I¡¿=­ � ¹6Ä � � � � �q�oKZ¿=ÇqÇZ¿�©Z¹") � � � � Ç �!� Iq�LK;�q­q¹") � �Ä � �o�q�;�$Kq� � �!� ¹6Ä � � Ä � � ©Z¿;Çq¿oK;©HK;©q¹6Ä � � Ä � � I � �Z¿{�q�x­ � ¹6Ä � ¿ � �o� �!� �;�aIHI�¿;¹") � �

° iZ�{g3f���ÌLÂ³n�wyfvg�~�p{iq�qf;� ������� Ð hj�yl3ke��6 � ©Z­
ÓKl3fegow,lop=kmfv�;hjiqgoz¯�¨¦O� �q� ux ¯� ° Ä��'� ¿{� ÇqÇ{� Çy� ­q­;­ � � ­oKq�° h�i@M¸Þ�fepy�Zkj|yfvpylopy��� �r�r� � � � �{�Â�i�¦�fv¦�dv�yh�z�lonqp�¦�� ��� ���r� ©�� �q­{� Çy� � ILKÂ³iZkmhjl�¦� � �;�;©q­qÇqÇ � � ¹,) � � � �ª©Z�;�ZIZ�;©Z­ � ¹,) � � Ä � � ¿=­;©q­;©�¿;¿{�x¹6Ä � © � �ª���x© � � � � Ç;¹6Ä � ©Ä � �JIHIZ­q� �!� �!� ¹6Ä � © � � �HK;ÇHKq�oK;�y�e¹,) �!� Ä � � ­q¿ � Çq�ZIq©oIZ¹6Ä � © Ä � � ­qÇqÇ;Çq­=©LKqÇ;¹6Ä � ©Ä � �o�eÇ � � K � �!� ¹6Ä � � Ä � � © � � KqÇ � I��x¹6Ä � � � �o� �!� � ©LKq�=�Z¹") � � � � Ç � �x©y�e�HKoKq¹") � �Ä � � ­Z¿�©ZÇ �!� �!� ¹6Ä � © Ä � �3�e¿;­oKq�q­;­qÇ;¹6Ä � � � �ª©�¿;­;�;�y� � Ç;¹6Ä � © � �o� �!� I � K;� � ¹") � �w�fvk � �q� � �!� �!� � �!�

° iZ�{g3f�­{Ì:Â³n�wyfvg�~�pIiZ�qf;� �	�����\~�tylop,t{hmfxd�fezjzml3n;p�� 6 � ©]Gª�
~�tylopB��iZkmhjl�¦� � �y�e­q¿;­ � ­ZI � � Ç;�q�;­;©LK*IZ© � � � �e�;�y�@I��Z¿� � ¿;Çq­=© � ­ � ­ Äj�;� � � � �;Çy�x�ZI Ä � � � �q�x�q­q¿;­qÇÄ � � � �$Kq¿;�;©;�Z­ � � �!� Ç=©oI�­;�ZI �q� � � � © � ÇZI��½-hmfxd�fxzmzml3n;p�Ì " � ­q­{� ¿;¿*I�wyfv�c8¦�l¥zvÌ � � �aI��{� � Ç;��wyfv� � � Ä � � ¿�©oI�wyfv�
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° iq�ygof�I�ÌLÂ�n�w�fvg�~�p{iZ�;fq� �	�	����~�tylopBtyhmfxd�fxzmzml3n;p��86 � �¡�
~�tylopB�+i�kmhjl3¦� �JI�­;Ç;©oIq�oIoI � � ­q¿;­ � ­;�;©�� Ä � � �!� Ç{�eÇq­;� �Ä � � KZ¿;­q¿ �!� Çq­ �;� Ç{� �!� � ©q�Z¿ Ä � � � �e­;� � Iq� �Ä � � � � K;�;©ZI�Çy� � � � �v¿�©q�ZÇ;�;� �q� � � � � � ­;� �½-hmfxd�fxzmzml3n;p�Ì " � ÇHK{� � Çq­\wyfv�c8¦�l¥zvÌ � � Ä � � � I��¯w�fe� � � Ä � �o�v¿=�'wyfv�

° iq�ygof K{ÌLÂ�n�w�fvg�~�p{iZ�;fq� �	�	����~�tylopBtyhmfxd�fxzmzml3n;p��86 � ©q­
~�tylopB�+i�kmhjl3¦� �JIHIq�q�Z­=� � Ç � � ­;Çy�¡©Z­ � ­q­ Ä � � �!� ©q�ZI@K{�e­Ä � � Ky�eÇ;� � Ç;�q� �;� ©HKq�=©q�ZÇ*I�� Ä � � � �e­=©ZÇZIoI �Ä � � � � K=©Z­=�oI¡¿ � � � �eÇoKy�x�y�x� �q� � � �!� �;�HKq­½-hmfxd�fxzmzml3n;p�Ì " � Çq�{�3�¡�ZÇ\wyfv�c8¦�l¥zvÌ � � Ä��q�o�e�HKrw�fe� � � Ä � �o�x�q­'wyfv�
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��vV������ T��BR
° |yf¸ty�yhjf¸iZp{iqg3�=kml¥dviqg��rn�w�feg�nZsykj|yf8z�pIiZ�qf¸iqz:w�fxzmdvhmlo�Nfew�lop�z�fxdZ�ZÇ¤�qlo�qfez:i¤�qn�n�w�s¨fefvgol3py�
km|Ii�k'i4z�p{iq�qf+�8l3km|§kj|yf�t{hmn;tIn=z�fxw1z�kmhj�{d�km�yhjf���nq�yg¥w´�En;hm�O� ° |yf�pyf�¦�k'z�kmfet¶��i;z¯kmn
��n�w�fvg�km|yfrz�p{iq�qf��8l3km|�kj|yf'Ç;Ñ²dvn�wyf³Õ�Öy×vØmÙ�)+*�,¯kj|{i�k¯dviZg¥d��{goiZkmfez8km|yf\·{fvg¥wBtyhjn�wy�{d�fxw
���³i�zmf�k�nqs�d��{hmhjfvp=k�dviZhjhj�=lopy��dvnqlogoze� ° |{loz¯��nqhj�B��i;z�deiZhjhmlofew³nqp1l3p1t{iZh�iZgogofvg:i�k¯km|yf
Â³iq�qpyfvkKÑ¤l3��l¥z�lonqprnZsIÚ�hjn�nq��|{i¡�qfep+�ÏÚ¸Ü"Þ�Ä�Â³Ñ¯ KiZp{w'i�kKkm|yf8»8lo�qfep\¢£p{z�kml3km�ykmf¸l3p ° nq���qnI�
Ñ¤f�kjiql3g¥z8iZhjf¯hmfetIn;h�kjfew�fvg¥z�fe�8|yfvhjf+� �¡�?��� ­¡���
¢£p�km|{lozKz�fxd!kjl3n;p��EfL�8logog;w�fxzmdvhmlo�If-|yn��1km|yf�iZp{iqg3�=kml¥dviqgZ��n�w�fvg=��i;z��{zmfew¯kjn#nqtykmlo�rlouvf

km|{f�z�p{iq�qf�z�kmhj�{d!kj�yhjfq�{iqp{w,|yn��Ækj|yf�hjfezm�yg�k�z8��fvhjf¤s¨fxwB�{iqd���kmn+kj|yf�Â³iZ�;pyf�k"Ñ¤lo�=l¥zml3n;p
kmn�iqhmhjl3�;f'iZk�i�·{pIiZgLw�fxz�lo�qp4nZs�km|yf+d�n;gow1zmp{iZ�;fq�'c¾zmlo�rlog¥iZh�iZtyt{hmn=iqd�|³�¸iqz��{zmfew4s¨nqh
km|{f���iqhm��zmp{iZ�;f�iZp{w��8l3gog��Nf�w�fezjd�hjlo�Ifxw�lop�i\s¨�{h�kj|yfvh#p{nZkmf;�
° |yf�tyhjn�d�fezjz�nZsK·yk�kjl3p{�+��i;z8w�fv�;fvgonqtNfew�l3p,s¨nq�{h8ty|{iqzmfeze���8l3km|Bl�kjfvh�i�kjl3n;p{z

� ° |yfâÂ³iZ�;pyf�k�Ñ¤l3��l¥z�lonqp±dvhmfxi�kjfez³iÅp��y��fehml¥dviqg�·{fvg¥w¬�+iZt¬n;p±iÅÇqÑ_�rfxz�|²�8l�kj|
Õ�Öy×vØmÙ *�� n;p�kj|yf��{iqzml¥z¸nZsKi�t{hmfeg3lo��l3p{iqhm��wyfezml3�;p�Î
� Ë f�l¥w�fep;kjl�s¨��km|yf��;fv�+s¨fxi�kj�yhmfxz¸nZs�km|yf�zmp{iZ�;f�kmn��If�tIiZh�iZ��f�kjhmlouvfxw�lop�kj|yf���n�w�fvg?Î
� »8�yp0�	�	�����{z�lopy��km|{f8�rn�w�feg�·yk�kjfew�iqded�n;hjw�lopy�¤kmn�km|{f��+iqt'lop+iZprnqt�kjl3��louei�kjl3n;p\gon�nqt��ºEgofeiZhjgo�q�=hm�yp{pyl3p{� �������¤nqp�km|yf¯��n�w�fvgNkjiq�qfxz-n;pyg3��i'z��+iqg3gNs¨h�iqd!kjl3n;p�nqs�km|yf¤kmlo��f�km|{iqp
�8hjl�kjl3py�rkj|yf�l3p{ty��k"iZpIw�hj�ypâÕ�Öy×vØmÙ *���Î
� ° hjiqp{z�g¥i�kjf�km|yf\dvnq��ty��kjfvh#hjfezm�yg3kjz¸lop=kmn��{zmf�s¨�{g�t{iZh�iZ��fvkmfvh�z�s¨nqh#km|yf��+iqt,�+iq�qfvh�z¸lopkm|{f�Â³iZ�;pyf�k#Ñ¤l3��l¥z�lonqp��yzmnrkm|yfe��deiZpBd�hjfei�kjf�i'p{fv� ��iqt�Î
� ¢�kmfvh�i�kjf,km|yfBg¥iqz�krk®��n´z®kjfvt{z��yp=kjl3g#i´zji�kml¥z�sÏiqd!kjnqhj�´hmfxz��yg3k�s¨nqhrkm|{f,�IiqzmlodBw�fxz�lo�qpßlozhjfeiqd�|{few�Î
� c"z�i,·{pIiZg:kmn;�{d�|��KiZlo��kmn,s¨�yhmkm|yfeh�hjf�·{pyfe��fvp=kjz¯gol3�;f+d�nqhjhjfed!kjl3n;p{z�nZs¸d�nq�{tyg3lopy�I��s¨nZÄ
d��Iz�lopy�{���'�yg3kmlotIn;g3fxz8f�k�dZ�
Óyn;hLkm|{f#·ykmkmlopy�\nqsNkj|yf"��n�w�fegykmn�km|yf¤��iqt��=l3p�i;wyw�l3kmlonqp�kjn�km|yf"km|yhjfvf"�{iqzmlod8·yk�kjl3py�
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° iq�ygof¯�{Ì6Ü#n{�6nqsKtIiZh�iZ��f�kjfvh�z-s¨n;h¸·yk�kjl3p{�
gon�nqtBt{iqhjiq�rfvkmfehjz iq��¦�l3gol¥iZhj�+t{iZh�iZ��f�kjfvh�z

gofvpy�qkm|,hjiZkmlon k®�8loz�k8nZs:|yfvgol¥d�fez ·{fvg¥wBiZ��tyg kjiql3gOsÏiqg3g3Ä?nqÉ i;z�����t�kx�K��iqg3�yf�nqs
� !QE � + ��� !�� + nZs V t{l�k�d�| tyl�k�d�| ��� �� © Ç Ç �

t{iqhjiq�rfvkmfehjz'iZgohmfxiqw��§w�fxzmdvhmlo�Ifxw��Lp{iq��fvgo�4kj|yfBhmfegoiZkmlo�qf�g3fepy�Zkj|ßiZpIw§k®�8l¥z®k+iZpy�;g3fxz\nqs
km|{f�|yfvgol¥d�feze�{��f�pyfefew�fxwBf�¦�kmh�i�t{iqhjiq�rfvkmfehjz�s¨n;h8·yk�kjl3p{��d��yhj�qfxz¸s¨nqh'�¨lÍ ¸km|{f��+i�¦�l3�'�y�
lop;kjfvp{zml3k®��nZs-kj|yfr·{fvg¥w1iZgonqpy��km|yf�|yfeg3l3¦���iZp{wß�¨lol¥ "kj|yfr·{fvg¥w³sÏiqg3g3Ä�nZÉ¶i�k��+iZ�;pyf�k¯fvp{w{zv�
�NnZkm|+lop+iZ��tygol�kj�{w�f"iqp{w�lop�iZpy�;g3f;��ÓKl�kmkmlopy���¸iqzLwynqpyf8�8l3km|�È=�{i;w�hjiZkml¥d�s¨�yp{d�kmlonqp{z-�8l�kj|
km|{hmfef#t{iZh�iZ��fvkmfvh�zLfxiqd�|��¸�¨lolol¥ EÓKl3p{iqg3go�q�=��f"pyfefew�fxw�iZp+fv¦=kjhji�t{iZh�iZ��f�kjfvhEhmfetyhmfxz�fep=kmlopy�
km|{fBi;z�����t�kjnZkml¥d��¡iqg3�{f,nqs"kj|yf,·{fvg¥wàiZpy�;g3fBi¡��i¡�1s¨hjnq��kj|yfB��iq�qpyfvk�i�k+�Inqkm|âfvp{w{zv�
ÓKl3pIiZgog3���Ef�|Iiqw�Ç��{i;z�l¥d ) � � iZ�y¦�logoloiqhm��tIiZh�iZ��f�kjfvh�z�kmn���iZhj�q�Niqz#zm|yn��8pBlop ° iq�yg3f��¼#n���fv�;fvhx�Zl3k-��i;z6f�¦�tNfed�kmfewrkj|{i�k�nqpygo��kj|yf¤Ç��m�{iqzml¥d��¯|{i;wrkmn��Nf#�{zmfew�lop+km|{f#l�kjfvh�i�kjl3�;f
tyhjn�d�fezjz¸�¨gon�nqtI ��q�Nfedviq�{zmf¸km|yf#dvn=fvÊ�d�lofvp=kjz6nqs{kj|yf"d��{�ylod�·{k�kmlopy��dv�yhm�;f8iZp{w'km|{f#iqzm�=��t�Ä
kmnqkml¥d�iZpy�;g3fxz�dvnq�yg¥w³�Nf�w�fvkmfvhj��l3p{few4nqp{dvf\s¨n;h�iZgog:iZk¯km|yf��Nfv�qlopypylopy�BnZsEkm|yf�fv¦�fehjdvlozmfq�
zml3p{dvfrkm|yfe�4iZhjf���n;z�kmgo�³hmfegoiZkmfxw³kjn�kj|yf�z�kmhj�{d!kj�yhmf+nqs-kj|yf+�+iZ�qp{f�k�fvp{w1hjfv�;l3n;p{zv�+c"g3g
kmfepBt{iZh�iZ��f�kjfvh�z¸iZhjf¤lop,km|yf�lopyty��k#nqs �������q�
° |yf�·Ifvg¥w�iZpy�;g3f�n;h"hj�ypypylopy�+tyl3kjd�|³l¥z8kj|yf\�Iiqzmlod�È=�{iqp;kjl�k®��kmn�w�fezjd�hjl3�Nf�kj|yf\zmp{iZ�;f

·{fegow´�Íkj|yf�zmtyl3pIiZg�d�n;hjw�nZs�km|yf���n�w�feg¥ 

� � 9 iqhjd�kjiZp V fV e G ���q�x 

° |yl¥z\iqpy�qgof�d�n;l3p{dvlowyfez��8l3km|´kj|yf�iZp{�qgof�w�f�·{p{few§lop¶¹-ÈN�¥�Ï­; ����8|{fvp§fv��iqg3�{iZkmfxw4n;p´km|yf
zmp{iZ�;f�iZ¦�l¥ze� ° |{f¤·Ifvg¥w,iqpy�qgof¤sÏiZgog�Ä�nZÉ�deiZp,�If�w�fvkmfvhj��l3p{few�s¨hmn;�¾km|{f��+iqt��Lc �³d��{hm�;f
w�fehmlo�qfxwµs¨hjnq� nqp{f³nZs¯km|{f��+iZt{z�tyhjn��=l¥w�fxwß���ßkm|yf1Â³iZ�;pyf�k,Ñ"lo��lozml3n;p��8nqpÆiZ¦�loze�¸loz
zm|yn��8p�lop§Ó�lo�{���y� ° |{f�·{�q�yhjf�d�gofeiZhjgo�³z�|yn��#z¤kj|yf+|ylo�q|yfeh�tyl�k�d�|4nqsE|yfeg3l¥d�fxz��+iZp{w1Çy�
iqz�d�n;��t{iZhjfew+�8l3km|�km|{f�t{l�k�d�|�nZs�|yfvgol�¦B©��Ïg3fxzmz¸zmg3n;tIf¡ !� ° |yf¯È;�Iiqw�h�i�kjlod"·yk�kjl3p{�'nqs ��i�k
�NnZkm|1fvpIwyz¯iZp{w4l3p4km|{f'kjhjiqp{zml�kjl3n;p�hjfv�qlonqp��8l�kj|4l3kjz�i;z�����t�kmnqkml¥d\��iqg3�yf+iqp{w³�Nf�k®��fvfep
|yfeg3l¥d�fxz¸loz8lop�km|yf�tygonZkx�
° |yf#·Ihjz�kEz�kmfvt+nqs�·yk�kjl3p{����i;z6kjn\w�f�kjfvhj��l3pyf¤i�z®k�iZhmkmlopy�\zmf�k-nqs�t{iZh�iZ��f�kjfvh�z:s¨nqh-km|yf

tyl3kjd�|Bd��yhj�qf ��iqp{w�s¨n;h�km|yf¯·{fegow,iZ��tygol3km�{w�f¯lop�kj|yf�|yfeg3l¥d�fxzv� ° |yfep����Ef¯tyhjn�d�fefew�fxw+kmn
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∇⋅B = ∂Bx/∂x+∂By/∂y+∂Bz/∂z

(∇×B)x=∂Bx/∂y−∂By/∂x�

−(∇×B)y=∂Bx/∂z−∂Bz/∂x

(∇×B)z=∂By/∂z−∂Bz/∂y
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