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Deelogxqj 516= Zhoohqyhnwruhq ehl ghu nroolqhduhq +olqnv, xqg qlfkw nroolqhduhq +uhfkwv,

Skdvhqdqsdvvxqj1
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Deelogxqj 517= Rughqwolfkh +ruglqdu|0r, xqg dx�hurughqwolfkh +h{wudruglqdu|0h, Vwudkoulfk0

wxqj lq hlqhp hlqdfkvljhq Nulvwdoo/ zrehl glh Srodulvdwlrq ghu hohnwurpdjqhwlvfkhq Zhooh

vhqnuhfkw }xu Kdxswhehqh +r, e}z1 sdudooho }x lku +h, yhuo�dxiw1

J �� ��� �������	�������	��5 �&�& ��� $����!���� O L �(��� 	
��
� * ��& %� ��

	���������	 
!����� ��	���� ���	��� (e � J* �� ��	���� ����	��� (e � J*

)���	����& ��� ��8���
 P ��� ����� 9����������
�� �	 �� !���	���	����&

+�� ������!���	 �	��� ��� ��	����� ����� �� ��	 �������	 
� ��� �������& ���

�	��������� ���	������ ���"�������	 ��� 9������
��� e ��� ���������	�����

+	����� �� ��� �������	�������	�� ��	 ��������� � ���& ,&: �"�� ���	��� (����* ��

����	��� (����	�* )���	���� �������������	&

9�� ���� ���	���	� O�#��	5 ��� �����	� ����	�����������	�5 !���

��� �	��������� $������������������� ���"���	& ��� �	��������� 9��������

�������������� ����� ����� ��� +���		���� ���5 
&9&�ec/�(O* L �Jc/2(O*& .� ���



�	�	 �������� �������� �� ��������������� ,-

Z

θ

Z

θ

n
o

n ( )
e

θ

n ( )
e

θ=0°

n ( )
e

θ=90°

n
o

n
o

n
o

n
e

k k

(n ) (p )

Deelogxqj 518= Rughqwolfkh +qf, xqg dx�hurughqwolfkh +qe, Euhfkxqjvlqgl}hv hlqhv qhjdwly0

hq ^+q,/ qf @ qe+�,` xqg hlqhv srvlwlyhq ^+s,/ qf 8 qe+�,` Nulvwdoov lq Dek�dqjljnhlw yrq ghu

gxufk ghq Zhoohqyhnwru lq eh}xj dxi glh Nulvwdookdxswdfkvh ihvwjhohjwhq Udxpulfkwxqj1
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Deelogxqj 519= Juxsshqjhvfkzlqgljnhlwvihkodqsdvvxqj +JYP, }zhlhu Zhoohq dxijuxqg xq0

whuvfklhgolfkhu Glvshuvlrq e}z1 yhuvfklhghqhu Euhfkxqjvlqgl}hv lq hlqhp Nulvwdoo1 Ghu o�dqjhu0

zhooljh Lpsxov zhlvw ehl qrupdohu Glvshuvlrq glh ju�r�huh Juxsshqjhvfkzlqgljnhlw y2 dxi/ vr

gd� ghu h�hnwlyh �Xehuodss z�dkuhqg ghu Dxveuhlwxqjv}hlw lp Nulvwdoo uhgx}lhuw zlug1
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Deelogxqj 51:= Vfkhpdwlvfkh Gduvwhooxqj ghv iv0Odvhuv|vwhpv xqg ghu Iuhtxhq}nrqyhu0

vlrqvvwxihq1 Den�xu}xqjhq= GS0G�xqqvfklfkwsrodulvdwru/ S]0Srfnhov}hooh/ IU0Idudgd|urwdwru/

RPD0Rswlvfkhu Ylhondqdodqdo|vdwru/ DRP0Dnxvwr0Rswlvfkhu Prgxodwru/ V0Vwudkowhlohu/ O0

Olqvh/ Y0Yhu}�rjhuxqjvhlqkhlw +phfkdqlvfk,1
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Deelogxqj 51;= Looxvwudwlrq hlqhv Jdx�0Lpsxovhv plw srvlwlyhp olqhduhp Fklus1
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Deelogxqj 51<= Sulq}lsgduvwhooxqj ghu *Fklushg Sxovh Dpsol�fdwlrq* dxv ^OU<;`1 Ghu iv0

Rv}loodwrulpsxov zlug }xq�dfkvw }hlwolfk jhvwuhfnw vrzlh plw hlqhp srvlwlyhq Fklus yhuvhkhq/

gdqq yhuvw�dunw xqg vfkolh�olfk }hlwolfk nrpsulplhuw1
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Deelogxqj 5144= VKJ0Dxwrnruuhodwlrqvvljqdo ghu Juxqgzhooh ghv *Txdqwurql{*0

Odvhuv|vwhpv1 Ghu Dqsdvvxqj lvw hlqh vhfk2+w,0Lpsxovirup }xjuxqghjhohjw xqg hv hujlew

vlfk hlqh Kdoezhuwveuhlwh +IZKP, yrq 5:3 iv/ zdv hlqhu Odvhulpsxovo�dqjh yrq �u @ 4:8 iv
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Deelogxqj 5145= Vfkhpd ghv Sxps0Sureh0Dxiedxv dp iv0Fodun0V|vwhp plw gxufkvwlpp0

eduhq Sxpslpsxovhq +RSD, xqg ghu Odvhuyhugdpsixqjvfoxvwhutxhooh plw Ioxj}hlwpdvvhq0
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