
���������
	�	
�
����������� ������������� �!�#"%$
&'��$�(�)�$�)�$*&+(,�-�.&+(,�-$�/*(
0 1 2 1 1 3+4 5 1 6 2 7

8%9;:<��=?>@9A��BDC�>@9FEG9IH#�
>?BD���
>@9;JK�LE<BDMAM;BON%C<9QP�BR=@S?9Q>RT�VUXWY�.Z���:G9;BDC\[K��]^B-UX�������`_Y=@BR]acbKd%egf�hibKhijikmlKd
b�n�eporqsd�etbKd
kvuOwxjikzy{wxj|egamw~}�j|wXfgegwXd�wD�*}�hij|etj|�
jib~�swx�zetbKd�wXftk�n�e��sftj|w{uOwxjikzy{wxj|egamw
���?� qsd%am�
��b��k�acbKhij|etj|��etjib{n�w����������{am�
��kmjij|ep�G��bXlKfgegwXy�b~hikm��wx��wx�|kvj|�
jij|e��R�
kzhij|e�am�
��kmjij|e�kzhikmlK�
kzd�n
b{n
kzej|wxlKfge\acbKd���d�w�fgwXy{w���egwXd�w�kzn%w@��fgwxj|wD�I�\��w{��d�j|wxlKfgetb{k�fp� wXftji�|b{��bKh|h|egwXy�b{hi��bKhij|wx�|k�ftk���wx�|j|e�a��
k�hibKd
bhij|wxjik�hikm��wx��wxjik�k�h|eghijikzy{wx��ftk�d
kzf�y�bDn
b{a��
k��XbXlKfgegwXy�b{��km� egf�j|wxlKfgetb~h|��amackzh|h|et�Xb
�

¡ ��wXf��k�egf�dR��y�km�|b{y{egd�egy�b�n�e�j|wxlKfge\d
kzackzh|h|wx��e¢w�hikm��wx��wx�|k�j|�
jij|e¢e¢am�
��kmjij|e;£¤ ¥§¦ j|wxlKfge¨�¥§© j|wxlKfgeª ¥¬« j|wxlKfge­ ¥§® j|wxlKfge¯�¥¬° j|wxlKfge�p±K��² y{egfgegwXd
b�k�³´egwXamegdµj|w{hij|wXd�d
b���km�¶hi��bKh|wx��h|e�kv�XbXlKfgetbKd
b~wXn�n
bX����wx�|k�egf�h|wXftbKd
k�n
kzf���wXd�a��
kmjijib
�Y}�f�h|wXftbKd
k�k�w~��egwXdµj|w~�|kmjij|wXd
lXbKfgwx�|k�k�h|��bXlKd�e<��wx�|kmjik�fgwxjikm��wXftk�ame<hibKd
b¸·{����dµj|e<n�e<wxlXlKwXd�ametb
��³´fge<wXn�n
bX����e\hibKd
bn
kze¢¹;kzhijibKd�e¢n�e¢��d�w�¹;bX��y{w���wx�|j|egacbKfgwx�|kX��amegwXh|am��d
b~n
kze\�R��wXfge�n
km�Xk�kzh|hikm�|k�ftkmlKwxjib�w�·�����dµj|e¢n�e¢wxlXlKwXd�ametbh|�O��wx�|kmj|e�n�e»º�km�|kzdµj|ep��¼Dwx��kzd�n
b�a��
k�n
kzh|egn
km��wXd
b�y�kmjijikm�|k{�R��wXdµj|e<��e|��OwXn�n
bX����e\��bKh|h|et��egftkX��hikzd
�zw�wz�Xkm�|kd
kzh|h|��d�wvacbX����egwvn�eD¹;kzhijibKd�e�ftkmlKwxj|e
kzh|wxjij|wXy�kzdµjik´wxlKfge�hijikzh|h|e�·´wxlXlKwXd�amep�D�R��wXdµj|e
¹;kzhijibKd�e
bDamacbX�|�|bKd
b�wXe�n��
k½ n�wXd
�zwxj|e;£¤ ¥ �¨�¥ ± «ª ¥§© �­ ¥ �m¾ ®¯�¥¬©X© ¾
� · � }�d.��d�h|eghijikzy{w�n�eF��et¹;km��egy�kzdµjib�amwx�|jikzh|egwXd
b
�F��d�w%�|kmjij|wO��wx��wXfgftkzfgw¸wXfgfp� wXh|hik~¿�n�et�Degn
k{egf�ji��egwXd
lXbKftbOacbKd�e�Xkm�|j|egame¢d
kze�����dµj|eÁÀÁÂ �A¾DÃ�¾µ� �#Ä#Â ���xÃ<�?� ��ÅVÂ � ° Ã<�?� egd¸n��
kv�|kmlKetbKd�e�n�e��
lK��wXftk�wx�|kzwD�Æ � kz�R��wx�zetbKd
k�n�e�j|wXftk��|kmjij|w%�kXo¤ ¥ÈÇ Â ¦KÉ ±¨�¥ÈÇ Â*·ª ¥ÈÇ Â �m¾ É ·­ ¥ÈÇ Â «XÉ ±¯�¥ÊÇ Â-� Ë



� � � }�fF��bKfgegd
bKy{etb%Ì � Ç � ��w%��d�� kzhi���|kzh|h|etbKd
k{n
kzfgfgw�¹;bX��y{wOÌ � Ç � ÂÎÍ Ç�Ï
Ð�Ñ�Ç�Ò Ð-Ó�Ç%Ô�¦ ��n
b?�Xk�Í�Õ Ñ Õ Ó hibKd
bn
kzfgftk�acbKhij|wXdµj|e\etlKd
bXjikX�I¼Dwx����egwXy�b�a��
k�Ì � Ô´« � Â « �¡ ��wXdµjib{�xwXftk�Ì � « � £¤ ¥ÖÔ � «¨�¥ÖÔ´«ª ¥¬«­ ¥ �z±¯�¥ e¢n�wxj|e�d
bKd%hibKd
b~h|�D��ametkzdµj|e���km� hij|wx��egfget��ftb
� ¦ � Æ ws���|bXlX�|kzh|h|etbKd
k
wx��etj|y�kmj|egamwØ×sÙ@Õ�×

Ë
Õ�×sÚxÕ�ÛtÛtÛ � acbKdµjikzd
kzdµjik¶egd ½ d�etj|eKjikm��y{egd�e � ��w´�R�
kzhijik
amwx��wxjijikm��eghij|ega��
kXoÜ j|�
jij|e¢e�jikm��y{egd�e�hibKd
b~egdµjikm��e���bKh|etj|et�De ÃÜ ��d
b{n
kze�jikm��y{egd�eG�k � ·X· ÃÜ ×¶Ý Ð × Ï Â ± ¦ ¾ �¡ ��wXdµjib��xwXftkvegf�jikm��y{egd
k´×sÙ?£ Þ ßáàpâ�ãxßiäxàpåxæ{ã¸âcç
è�éDê�åsë�ßiã|ìXß|èáí�íáàpãxê�è�åxßáàAîAæ~èmîAàpâ�å�ïèvéDê�å�íáé�â�âáèáí�íáàpãxê�è�äxàê�éDæ~ècßáàYäKãxðXè�ïè�â�ã@ícîñåxê�îòè�ótå�äxà ô´ècß|ècêDõzåsöáßiå�äxé�è�îòècßáæ�à;ê�àYâ�ãxê
ízè|âmé
îAà;ð?à ÷¤ ¥§¦¨�¥ � ·ª ¥ · «­ ¥ � �¯�¥ d
kzh|h|��d�w�n
kzfgftkv��eghi��bKhijik´���|kzackzn
kzdµj|e

� © � }�fRd
bX��y{wXftkø¹;bXlKfgetbs�¶�´��wseRfgwxj|eµegd��R�
kzhij|w¶���|bX��bX�|�zetbKd
kXo����|kzd�n
kzd�n
b¶egfµfgwxjib´acbX�|jibvacbKy�k
y{egh|�
��w ��d�etj|wx��egwD��R�
kzfgftb{fg��d
lXb�y{egh|�
��w~ù ± �¼Rk´¹AwXamamegwXy�b{��d�w���wx��a��
kmjij|w�n�e�amwx�|j|wD���R��wXf<�k�fp� wx�|kzw�acbKy���ftkzh|h|et�xw � n�wz�xwXdµj|e�kvn�etkmji�|b � n
kzfgfgw�h|��wØú��XkzfgwXûw�����dµj|wµ£¤ ¥ � Éx®¨�¥ � É �ª ¥ ù ± É �­ ¥ � É ±¯�¥ ù ± É ±
� « �~ü ��egwXy{egwXy�b�ý
þzÿ����������	��
��
�����<n�eG��dØdR��y�km�|b¸eGn�et�Xkm��h|e<y�bDn�eGd
kzeG�R��wXfge\kzh|hib¸���<�b�kzh|hikm�|k{h|ac��etjijib¸acbKy�khibKy{y{w~n�e¢��d
b�b~��e|��¸egdµjikm��e���bKh|etj|et�Dep�Djikzd
kzd�n
b~acbKdµjib�n
kzfgfp� bX��n�egd
kvn
kmlKfge�wXn�n
kzd�n�ep�Y�sn¸kzhikzy���etb
����km�¶egfdR��y�km�|b~·�ame¢hibKd
b~�R�
kzhijik���bKh|h|et��egfgetj@�wDo� Ð � Ð � Õ � Ð ± Õ ± Ð � Õ ·RÛ¡ ��wXdµjik�hibKd
b~ftk�n
kzacbKy���bKh|et�zetbKd�e�n
kzf�dR��y�km�|b © £¤ ¥ ± «¨�¥ ± ®ª ¥ · ¾­ ¥ · ±¯�¥ d
kzh|h|��d�w�n
kzfgftkv���|kzackzn
kzdµj|e



� ® � }�d���d`�|kmjij|wXd
lXbKftb����Geøfgwxj|eøy{egh|�
��wXd
b � k�Í��GacbKd ��� Í �Î± ���´w�� ��egy��
b?�DegwXy�b���d��R��wXn
��wxjibOn�ewx�|kzw~y{wXh|h|egy{wD��egd%y�bDn
b{n�w�bXjijikzd
km�|k���d%dR�
b?�Xb~�|kmjij|wXd
lXbKftb��
Ë
���´w{�R�
kzhijib
����egy��
b?�DegwXy�b{wXd�acbX��w{��d�R��wXn
��wxjib~n�e�wx�|kzw{y{wXh|h|egy{w � ji��w{�R�
kzfgfge�acbKdµjikzdR�
j|e\egd��

Ë � �
bXjijikzd
kzd�n
b�egf��|kmjij|wXd
lXbKftb��´Úx�
� km�s�R��wXdµj|e��xwXftbX��e�n�e�Í�egf��|kmjij|wXd
lXbKftb��´Ú��k�h|egy{egftkvw���£¤ ¥ d
kzh|h|��d��xwXftbX�|k�n�e�Í¨�¥ ��d¸��d�egacb��xwXftbX�|k�n�e�Íª ¥ ± �xwXftbX��e�n�e�Í­ ¥ ·��xwXftbX��e�n�e�Í¯�¥ ��e|��¸n�e¢·��xwXftbX��e¢n�e�Í� ° � }�d`��dLh|eghijikzy{w�n�eG��et¹;km��egy�kzdµjib¸amwx�|jikzh|egwXd
b
�<�R��wXdµj|e�hibKd
b�eG����dµj|eGacbKdLkzdµji��wXy���k~ftk�acbRbX��n�egd�wxjik{egdµjikm�|kacbKdµjikzdR�
j|e\d
kzfgfp� egdµjikm��d
b�n
kzf�ji��egwXd
lXbKftb�n�e��Xkm�|j|egame �A¾DÃ�¾µ� � �p±RÃ�¾µ� � ���m¾ Ú�Ý Ð �xÃ � � £.Þ d
bKd��xwXd�d
b{acbKdµj|wxj|ee�����dµj|e�wx����wx�|jikzd
kzdµj|e¢wXe¢fgwxj|e¢n
kzf�ji��egwXd
lXbKftbx÷¤ ¥ d
kzh|h|��d
b¨�¥ �ª ¥ ±­ ¥ ·¯�¥ �m¾ Ú�Ý Ô �

���m¾µ��ü bKd�h|egn
km��egwXy�b
�¢acbKy�k~egd ½ lK�
��wD�\��dØji��egwXd
lXbKftb¸×����În
b?�Xk�fp� wXd
lXbKftb%egd�� y{egh|�
��w! �k{fp� wXd
lXbKftb%egd"�y{egh|�
��w ±  F�I¼Degw�Í{fp� wXh|hikvn
kzf�fgwxjib����Vkvh|egw�#�egf�����dµjib�egd�acbKy���d
kvji��w�Í{kzn¸egf�fgwxjib�×����F�\��wXamamegwxj|w{fgwamet��acbKd
¹;km�|kzd
�zw�n�e\ackzdµji�|b�×�k���wxlXlKetb�×$����h|egw!% egf¢����dµjib�n�� egd�acbKdµji�|b~¹;��w{j|wXftk�amet��acbKd
¹;km�|kzd
�zw~k�egf\fgwxjib×�����k�h|egw�& egf�����dµjib{n
kzfgfp� wx��acb('�$% a��
k�wx����wx�|j|etkzd
k�wXfgfgw��|kmjij|w~Í��

B C

A

β 2β

a

�sfgftbX��wD���R��wXfg��d��R�
kvh|egw) F�¤ ¥ fp� wXd
lXbKftb�&+*×,� �k
Ë
Ý n�e-�.*×,�¨�¥ fp� wXd
lXbKftb�&+*×,� �k
Ë
Ò n�e-�.*×,�ª ¥ egf�ji��egwXd
lXbKftb{×�&/� �k�eghibKh|ackzftk­ ¥ egf�ji��egwXd
lXbKftb{×$#$& �k�eghibKh|ackzftk¯�¥ egf�ji��egwXd
lXbKftb{×�&)�Î�k�kz�R��egfgwxjikm�|b���X�?� }�f\lKetb?�xwXd
k�y{wxjikzy{wxj|egacb10�wx��bXjik32���w�wx����kzd�w~h|acbX��km�|jib¸��d�w~dR�
b?�xw�bX��km��wx�zetbKd
kX��a��
k���w�egd�n�egamwxjib�acbKdegf�h|egy���bKftb54*�60�wx��bXjik32.�k~wXd�a��
k���eg��h|ametjib¸w¸n�egy�bKhiji��wx��d
k�wXfgam��d
k����|bX����etkmj@�wD� ¡ ��wXfg��d��R�
k�h|egwXd
b¸edR��y�km��e�d�wxj|�
��wXfge�Í~k Ñ ���xwXftlXbKd
b{ftkv�|kzfgwx�zetbKd�epoÜ Í)4 ¾ Â�Í ÚÜ Í)4 Ñ Â�Í74 � Í Ð^Ñ �Ü Ñ98 � Í74 Ñ � Â�Í 8 � Ñ 4rÍ � �¡ ��wXdµjib{¹Aw ±x¾X¾ 4 ¦ £¤ ¥ ±x¾X¾¨�¥ �m¾X¾X¾ª ¥§¦ ¾X¾X¾­ ¥§® ¾X¾X¾¯�¥ � ¾X¾X¾X¾



���z±K� }�d-��d�w�hi¹;km��w��Detkzd
kOegd�h|ac��etjijib.��d,jikmji��wxkzn
b��|kmlXbKfgwx�|k � bKh|h|egw���d�w`��et��wXy{egn
k�ftkOam��e¶¹AwXamackLhibKd
b�j|�
jij|eji��egwXd
lXbKfge¢kz�R��egfgwxjikm��e � � Æ k�hikzy{et�|kmjijik���h|ackzdµj|e\n�wXf<ackzdµji�|b�n
kzfgfgw{hi¹;km��w{k���wXh|h|wXdµj|e\��km�se\��wx��egackzdµji��e¢n
kzfgftk¹AwXamack�egdµjikm��hikzamwXd
b~fgw�h|�
��km� ½ ametk´n
kzfgfgw�hi¹;km��w�egd��{����dµj|ep�}�f���bKfgetkzn
�|b�a��
k���w���km� �Xkm�|j|egame¢�R�
kzhij|e��{����dµj|e�kzn%e��Xkm�|j|egame¢n
kzf�jikmji��wxkzn
�|b��k¤ ¥ ��d�bXjij|wxkzn
�|b~�|kmlXbKfgwx�|k � ��bKfgetkzn
�|b�acbKd ® ¹AwXamack�a��
k�hibKd
b{ji��egwXd
lXbKfge�kz�R��egfgwxjikm��e �¨�¥ fp� ��d�etbKd
k´n�e¢n��
k´��et��wXy{egn�e�w���wXhikvkzh|wxlXbKd�wXftk�wz�Xkzdµj|e<fgw���wXhik�egd¸acbKy���d
kª ¥ fp� ��d�etbKd
k´n��
kv��et��wXy{egn�e�w���wXhikvji��egwXd
lXbKfgwx�|k�wz�Xkzdµj|e<fgw���wXhik�egd¸acbKy���d
k­ ¥ ��d�����egh|y{w�a��
k���w���km� ��wXh|e�n��
kv�|bKy���e�d
bKd%�R��wXn
��wxj|e¯�¥ ��d¸am�
��b
��� · � qsd¸ji��egwXd
lXbKftb��|kmjij|wXd
lXbKftb���w�amwxjikmj|e<a��
k�y{egh|�
��wXd
b{· ¾ k�� ¾ �¡ ��wXf��k�fgw�fg��d
lK�
km�m�zw{n
kzfgfgw���eghikmjiji��egackvn
kzf¢h|�
b{wXd
lXbKftb{�|kmjijibR£

¤ ¥ ���z±x¾ ÉX« � ù ±¨�¥ � �Dù ·ª ¥ � °KÉ ±­ ¥ � � °KÉ · � ù ·¯�¥ � · ¦KÉ ±K� ù ±
��� � � Æ wXd�amegwXd�n
b�ji�|k�n�wXn�ep�
fgw����|bX��wx��egfgetj@�w�a��
k�acbKy���wXegwXd
b~wXfgy�kzd
b{n��
kvdR��y�km��e��
lK��wXfgeG�k¤ ¥ �;:x±¨�¥ � : °ª ¥¬« : · ©­ ¥ �;: ·¯�¥ �;: ©
��� ¦ � �\�|k�acbKy���wxlKd�e¢n�e�amfgwXh|hikX���sd�n
�|kzwD��<Iwx�|��wx��w�k ü wx��ftb
��hibKd
b~egd�ackm�|j|e�hik�wXd�n�wx�|k�wXf¢amegd
kzy{wD�Y¼De�h|w{a��
kXoÜ acbKd�n�et�zetbKd
k�d
kzackzh|h|wx��egw���km��a���=k�<Iwx�|��wx��w��xwXn�w{wXf¢amegd
kzy{w��k�a��
k�ame��xwXn�w��sd�n
�|kzw ÃÜ acbKd�n�et�zetbKd
k�d
kzackzh|h|wx��egw�k�h|�D��ametkzdµjikv��km��a���=k�<Iwx�|��wx��w��xwXn�w{wXf¢amegd
kzy{w��k�a��
k�d
bKd¸ame��xwXn�w ü wx��ftb ÃÜ acbKd�n�et�zetbKd
k�h|�D��ametkzdµjikv��km��a���=k ü wx��ftb��xwXn�w{wXf¢amegd
kzy{w��k�a��
k�ame��xwXn�w{�sd�n
�|kzwD��sfgftbX��wDo¤ ¥ �sd�n
�|kzw�k�<Iwx�|��wx��w�wXd�n
��wXd�d
b{wXf¢amegd
kzy{w¨�¥ d
kzh|h|��d
b�n
kze�ji�|k�wXd�n
�x�w�wXf¢amegd
kzy{wª ¥ �sd�n
�|kzw�k ü wx��ftb�d
bKd%wXd�n
��wXd�d
b�wXf¢amegd
kzy{w­ ¥ <Iwx�|��wx��w{wXd�n
�x�w�wXf¢amegd
kzy{w�k ü wx��ftb{d
b¯�¥ ü wx��ftb{wXd�n
�x�w�wXf¢amegd
kzy{w�k/<Iwx�|��wx��w{d
b


