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+ + + = ω µ ε

∂∂ ∂ϕ ∂
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�� G������UJA,V������U��FVA,V���U���UWA,W��X����X�UW�

kc^� dclcgK]_cH\F� Km� cgcJ\aGJ`gge� ]K^cacd

cgcJ\aK[eda`bgGJ�`Hd�cgcJ\aK_cJ[`HGJ`g�`J\b`\KaF�mKa�\[c

_Kac� cgcJ\aGJ� `GaJa`m\� VV� naKJccdGHoF� Km� \[c� ��\[

LKHoacFF� Km� \[c� iH\caH`\GKH`g� Km� \[c� RcaKH`b\GJ`g

pJGcHJcF�� p\�� nc\caFfbao��ZbFFG`�� pc]\c_fca� D�7���&
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S^K�\e]cF�Km�cgcJ\aGJ�daGlcF�(�cgcJ\aK(_cJ[`HGJ`g�Ka

cgcJ\aK([edaKF\`\GJ� (�`ac� Fb]]KFcd� \K�fc� G_]gc_cH\cd

mKa�
HfK`ad�FeF\c_F�Km�v_Kac�cgcJ\aGJ�`GaJa`m\w�^G\[�`

oac`\�Hb_fca�Km�l`aGKbF�xGHdF�Km�cgcJ\aGJ`g�cybG]_cH\

5�6�mKa�JKH\aKggGHo�l`aGKbF�mbHJ\GKH`g�cgc_cH\F�5�6��S[c

GHJac`FGHo�Hb_fca�Km�G_]gc_cH\cd�cgcJ\aGJ`g�cybG]_cH\&

cgcJ\aK(_cJ[`HGJ`g� F\ccaGHo� oc`a� GH�]`a\GJbg`a&�^[GJ[

][`Fc�JbaacH\F�J`bFc�cgcJ\aK_`oHc\GJ�GH\camcacHJc�8tQi:

GH� \[c� mKa_�Km�cgcJ\aGJ�`Hd�_`oHc\GJ� mGcgdF�^G\[�[Go[(

gclcg� GH\cHFG\GcF�� S[c�_`GH� FKbaJc� Km� a`dG`\cd� tQi

J`bFcd� fe� cgcJ\aGJ� daGlcF� FeF\c_F� `ac� ]K^ca� JGaJbG\Fz

fbHdgcF��tgcJ\aK(_cJ[`HGJ�F\ccaGHo�oc`a�]K^ca�JGaJbG\Fz

fbHdgcF�JKHFGF\�Km�`�]`Ga�Km�\^GF\cd�Ka�`{G`g�JKHdbJ\KaF

^G\[�JbaacH\F�Km�\cHF�Km�`_]F�5=&��6��LKaacF]KHdGHoge&

\[ce� ocHca`\c� a`dG`\cd�tQi&�^[GJ[�_`e�J`bFc� FGoH`g

dGF\Ka\GKH� GH� `GaJa`m\� KHfK`ad� FeF\c_�JK__bHGJ`\GKH

gGHcF�`Hd&�[cHJc&�dc\caGKa`\c�G\F�mbHJ\GKH`gG\e�

S[c�]acFcH\cd�F\bde�GF�dcdGJ`\cd�\K�Km�a`dG`\cd�tQi

gclcgF� GH� \[c� mKa_� Km� _`oHc\GJ� mGcgd� [`a_KHGJ

JK_]KHcH\F�JK_]b\`\GKH��S[cFc�tQi�`ac�ocHca`\cd�fe

][`Fc�JbaacH\F� GH�`GaJa`m\� cgcJ\aK(_cJ[`HGJ`g�`J\b`\Ka

789::;0<=�70<7><0;?9@�?@�A<A7;8?7�7?87>?;:
9B�0?8780B;�:;AA8?@C�CA08

=D4DEEFG�H�IJ� �;FKDEDL�M�M�

a����bWU������J�����B��(c�������N������Fd��U�����!+,

aWJ,1,e���X�����X���F����,a����b,W234,fVg28,9:;<<8,NB����

�2����?���@���A�B

_K\Ka�]K^caGHo�JGaJbG\F&� `Hd�JaKFF\`gx� GH� \[c� mKa_�Km

lKg\`ocF� GH� K]cH� JKHdbJ\KaF� Km� dKbfgc(^Gac

JK__bHGJ`\GKH�gGHcF�

S[c� ]acFcH\cd� F]`JGHo� J[`a\F� `ggK^� dcdbJc� \[`\

lKg\`ocF� `Hd� JbaacH\F&� ^[GJ[� `_]gG\bdcF� `ac

JK__cHFba`fgc�Ka�clcH�oac`\ca�\[`H�l`gGd�FGoH`gF�l`gbcF&

KJJba�GH�`GaJa`m\�KHfK`ad�J`fgc�FeF\c_�JK__bHGJ`\GKH

gGHcF�GH�\[c�mKa_�Km�[`a_KHGJ�cgcJ\aGJ�`HdVKa�_`oHc\GJ

mGcgd��S[c�J[`a\F� `ggK^�dc\ca_GHGHo� \[c� F`mc�dGF\`HJcF

fc\^ccH�]K^ca�JGaJbG\F�`Hd�K]cH�JK__bHGJ`\GKH�gGHcF&

^[cacGH� \[c� gclcgF�Km� GHdbJcd�JKHdbJ\cd� GH\camcacHJcF

`ac� FGoHGmGJ`H\ge� gK^ca� \[`H� GHmKa_`\GKH� `Hd� JKH\aKg

FGoH`gF� ]c`x� l`gbcF� GH� `GaJa`m\� KHfK`ad� FeF\c_

JK__bHGJ`\GKH�gGHcF��i\�`ggK^F�]aKlGdc�cgcJ\aK_`oHc\GJ

JK_]`\GfGgG\e�Km�[Go[(]K^ca�`Hd�gK^(]K^ca�JGaJbG\F�

S[c�]acFcH\cd�]`]ca�GF�`�]`a\�Km�\[c�acFc`aJ[�^Kax

KH� JK_]b\`\GKH� `Hd� FG_bg`\GKH� Km� cgcJ\aK_`oHc\GJ

GH\camcacHJcF&� J`bFcd�fe� \a`HFGcH\F� GH� `GaJa`m\� F\ccaGHo

oc`a�FeF\c_�

=NOPF4Q2R� `GaJa`m\&� cgcJ\aK(_cJ[`HGJ`g� daGlc&
cgcJ\aK_`oHc\GJ�GH\camcacHJc�
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�� Zc|HGxKl� p�U�&� UKJ[`aKl� s�s�&� }[`aJ[cHxK� i�R�

���X�����������!�����X������������F��X�!���U���������h

���������X������iEF���!��U�����F�!XF�����F��X�U������!�

�������h!B���X���j������U���!XF��������U8tgcJ\aK_`oHc\GJ

`Hd�cgcJ\aGJ�JK_]`\GfGgG\e�Km�]K^ca�Fb]]ge�FeF\c_F�`Hd

FcJKHd`ae� ]K^ca� FKbaJcF� Km� `gg(cgcJ\aGJ`g� `GaJa`m\:&

QKFJK^&�QRi&��B��&���B�]�

�� ta_`xKl�p�R�&�pbx[KabxKl�Z�s��a�������!X��j��������

kl�XF���F��X������������!���� ��U�������B���U����!�,

X������!���E������!�m&�QKFJK^&��B�B&�]]����A~����

�� }b|z_GJ[cl�Z�s�&�pG\GH�j�R�&�p\c]`HKl�s�p��l�B !aWJ,

�B��&�HK���=&��`l`Gg`fgc�`\E�[\\]EVV^^^�_`G�abVFJGcHJcV

\abdeVcHoV]bfgGF[cd�][]hijW�=���� � 8`JJcFFcd

���B���B��:�

�� �oKg\FKl�i�&�p`_FKHKlGJ[�p�&�pcgGl`HKl�R�&�RgcxFccHxKl

R�� kc^� dclcgK]_cH\F� Km� cgcJ\aGJ`gge� ]K^cacd

cgcJ\aK[eda`bgGJ�`Hd�cgcJ\aK_cJ[`HGJ`g�`J\b`\KaF�mKa�\[c

_Kac� cgcJ\aGJ� `GaJa`m\��g����� ���� �j �F� :<�Fn�������

�j �F� J������������ �j �F� W�����B����� V�������&� p\�

nc\caFfbao&�ZbFFG`&�pc]\c_fca�D�~���&��B��&��`l`Gg`fgc

`\E� [\\]EVV^^^�GJ`F�KaoViLRpqRZLristViLRp�B��V

d`\`V`ggc�[\_g

=� }GaGggKl� s��b�&� }gexKl� R�s�&� SK_GgGH�Q�Q��e�����X

a��X�U�X����U�����������������B��&��B��&�lKg����&�HK���&

]]���D=~�A��

�A n� ���� gno ���B�����&� �B��&� `l`Gg`fgc� `\E� [\\]EVV

^^^�KaJ`d�JK_

D� �aKdHcl�i�i�&�pcaocGJ[bx�}��`���X������U�����������B�!

�X�i�����U!�E�8tybG]_cH\�`Hd�JK__bHGJ`\GKHF�J`fgcF

F[GcgdGHo:&�QKFJK^&�ple`|zG|d`\&����B&�����]�

A� UbgcxKl� s�n�� ���X�����������!� ��U���������h

��XF���F��X�XF ��� ��U �� U�EF�!XF �im�X��U

8tgcJ\aK_`oHc\GJ� JK_]`\GfGgG\e� Km� _KlGHo� Kf�cJ\F

m`JGgG\GcF:&�QKFJK^&�QRi&��BB�&���A�]�

�� �`GHb\dGHKl� Z�Z�&� L[ca_KF[cH\Fcl� p���� e�����X

K�E���X������B ����U��������XF���F��X���B��U��������

��AWAcAlB����U�&��B��&�HK��&�]]���BB�~��BA�

�B�� }a`lJ[cHxK� s�i�&� UKgK\Kl� t�R�&� Tc\bHKl`� k�i�

N� �����X�����!� ��� ��U� ����F�F�!� ���X����������!�

����XF�� 8Z`dGKcgcJ\aKHGJ� dclGJcF� `Hd� [Go[(]K^ca

cgcJ\aK_`oHc\GJ�GH\camcacHJcF:&�QKFJK^&�Z`dGK�G�Fle`|z&

��AD&��=��]�


