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h S5i b�R8S]V�j�_�Y�V�S�k�W	\B^ ^	_�d]_�b�Y*V�d]X�a�Y�X5b SlXmW5V�g5W]\B^
n V�o5R+U�V<bpimc'S�i5V�Y�a!iqR h W�R5gqXmrsc+_�f@W5V�g5tuX�^vr�_ h _�U
h X	Wm_�wxX]b�X b5d5Xma�Y�_�S5S�X�U�V�a<b�R�g d�V�tIV�Y<b5Xzy {MR[U�W5R
d5V�t@_�V�wx\BV R h W5R+w�V<d5W]\BV w�R h V�S	X Y�d]_ h X n X�R5W5W5R
o	d5Xmw�V�W|im}~Y�a!i h S�i R�o	d|V h V�S5V�W	X[i R8a�W5R�c8W]\B^
r<_�b�R5W�R�wMV<d]W�R�a�Y!V<g�cuomR[c�V h V�W	XmX���R�W5R�W	W5\~^�a<o�V�b�Y�d�R[c
d5V�_�S	k8Wm\e^�Y<d|V�^]w�V<d5Wm\e^ b5d5Xma�Y�_�S5S]R[c�X W|V<d�V h b�R
X5a�o�R�S	k�r�T5}eY�a*i h S�i�b�R�W5Y�d�R8Smi�X�X5W5Y�V�d5o5dmV�Y�_ n X]X
_�a�X�w�o�Y�R�Y�XmU�V�a�b�X5^ X U5Xma�S5V�W]W5\B^ d|V�r�T�Slk�Y�_�Y�R�c]�
o5R+S	T�U5_�V�w�\B^ h Smi w�R h V�S5V�g j8R�S5V�V�a�S]R8f
Wm\e^ X
j[S]X5r�b�X5^�b�d�V�_�Slk�WmR8a�Y<X��*a�w�y#��W]_�o5d	X|wzV�dM���!���]���E�+y
{�V�w j[R+S	V�Vm��U�Y�R b5c8_�r�X�R h W�R�w�V�d]W�R�V o�R5c�V h V<W]X�V
b5c8_�r�X5U�_�a�Y�XmU|Wm\B^ c�R+r�j+T5f h V<WmX	g ^�_�d5_�b�Y�V<d5WmR W�V
Y�R�S	k+b8R h S�i b[c+_�r�XmR h W5R+wzV�d5W]\B^ a<X|a�Y�V�w�y��
W5R
o	d5Xma�T|�OV R�Y h V�S�k�W	\Bw W5Xmr<b+R�U5_�a�Y�R8Y�W5\~w w�R h _'we�
R[Y��IV�o�Smim}��
X|wza!i�c�a�S5R5X�a�Y�\B^pb5dmX5a�Y�_�SmSl_�^v�����
�5�<y
{z_+b�X5V�w�R h \�X�w�V�}eY�w�V�a�Y*R h _�fIV�c�Y�dmV�^5w�V�d5W]\B^
b5d5Xma�Y�_�S5S�X�U�V�a�b5X�^ a�Y�dmT|b|Y*T	d5_�^�� h _�S	V�b5X�^ R�Y
W	X�r�b�R�d	_�r�w�V�d	W|R[a�Y�X o|R¡a<c'R|X|w�w�_�b5d�R+a<b�R5o5XmU8V�a�b5X5w

a�c�R5g�a�Y<c+_�w:� h S5i¢b�R�Y*R5d5\B^¢^�_�d5_8b+Y�V<dmW5R£R8a�Sl_�j�S5V�W	X|V
h _�S�k�W5V�¤ER¥o5R�d�i h b5_¦b5d5Xma�Y�_�S5S�X�U�V�a�b�R�g�d|V�¤*T�Smi	d5W�R�a�Y�X
d5_'a<o�R�S5R�fIV�W	X+i§_�Y�R�w�R5c¨X©r<W]_�U5X�Y�V�S	k+W5_�iªS]R[b5_�S�k�W	_!i
_�W]X�r�R�Y�dmR[o]X+ivwzV�f
_�Y�R8w�W�R�¤ER�c'r<_�X�w�R h V<gma�Y<c+X+i«�­¬]�!y
{�_�bM� c dm_�j8R�Y�_'^ �­®¯�
°5� d�V�r�T[S�k�Y�_�Y<\
± b�a<o|V<d]X�w�V<W|Y<_�S�k�W5R+¤*R X�a�a�S]V h R5c+_�W	X+i
W]X�r<b|R8U5_�a�Y�R8Y�WmR[g h X5W	_�w�X5bmX a�S]R8f
Wm\e^
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X]W�Y�V�d5o]d�V�Y<X5d|R|c+_�SlX|a<k W	_ o5d5XmwzV�d�V ��R|W|R|WmW5R+¤*R
a�o5V�b+Y<d5_ S�X5W5V�g5WmR[g n V<omR8U5b5X a h c'T�^	_�Y*R�w�W�R5g
± S	V�w�V�W5Y�_�d5WmR[g�i5U�V<g5b|R|gzy�¼�_�S	XmU|X|V½R�Y��IV�o5X	c+t@Xm^5a*i
b5c+_�r<X�R h W|R[wMV<d]W5\B^ w�R h c¾�:R�W5R�W	Wm\e^ a�o5V�b+Y<dm_�^
d�V�t@V�Y*R5b a j8R�S	k8t¿X�w U5X�a�S	R+w _�Y�R+w�R[c c
± S	V�w�V�W5Y�_�d5WmR[g i5U�V<g5b|V w�R�fIV�Y a�S	T�f@XmY<k
R�j8R�a�W�R5c8_�W5XmV�w h S�i Xmr�T�U�V<WmX�i W5_ R+a<WmR[c'V
R h W5R+wzV�d5W]\B^ wMR h V�SmV<g W�V�SlX5WmV�g5W	\B^ a<c'R|g|a�Y�c
c8\Ba�R5b�R8Y�V�wxo|V<d5_'Y*T	d5Wm\e^ a�c�V�d�^�o5d�R5c�R h W	Xmb�R[cÀ�ÂÁ]�ÃX
h d�T�¤�X|^ _�Wm¤*_8d�w�R�W	X�U�V�a<bmX�^ b5d5X�a�Y<_�S]S5R5c]y¡Ä:_8WmW5R+V
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X	W�Y�V�d�V�a b omR8S]T�U[V�W5X]} Y�R[U�W	\B^ d�V�tIV<W]X5g h S�i
¤�_�d�w�R5W5X5U+V�a�b5Xm^�b+R�S5V�j5_�W]X5g�S�X5WmV<g5W]\B^ n V<o|R[U+V<b�a
j[R+S	V�VZU�V�w R h W]X�w _�Y�R�w�R�w c ± SmV�w�V�W5Y�_+d5W�R5g i|U�V�g	b+V
b5_�b W�T�S]V<c'R8¤*R o5d]X�j�S	Xmf V�W]X+i h S5i _8W5_�S�X�r�_
W5V�S	X]W�V<g]W5\~^ªa<c'R[gma�Y�cZb5d5Xma�Y�_�S5S]R[cl�~X|wzV�}:�uX�^ �OV�S�k
c b�R+S	V�j[_�Y�V�S�k�WmR8w¥a�omV<b�Y�d5Vmy
�
W�Y�V�d�V�a@buR h W�R�w�V<d5Wm\ew¦w�R h V�S�i5w:�5cIR�a�R+j�V<W5WmR8a�Y�X

a�R�a�S5R�f@W5R�g ± S5V�w�V<WmY�_8dmW�R5gui5U�V<g]b+R|gz�mc'R�r<d�R+a@c@a�c�i5r�X
a�R r<Wm_�U[XmY�V�S	k+W5\Bw�X T�a�o5V�^	_�w�X c a�X5WmY�V�r*V
o	d5_�b|Y<X�U�V�a<bmX R h WmR8w�V�d5W]\B^ a�Y�d�T5b�Y�T5dM�«b�R�Y*R5d5\BV
W	_�^]R h i5YIa�c�R8V@o]d5X�w�V�W5V�W5XmVOc¿wzX]b5d�R ± S]V�b�Y�dmR[W]X5b�V@b�_8b
R h X5W X�r ± S5V�w�V<W|Y�R5c a�c�V�d5^mwxXmW	X5_'Y�}Id5W]\B^
o5R+S	T5o]d�R[c'R h W5X	b+R5c8\B^ T�a�Y�d�R[gma�Y<c �!���5�<y Ä:S�i
X	W�Y�V�d5o	d|V�Y�_ n XmX o5d�R5X�a�^	R h i	�@Xm^ omd5R n V�a�a�R[c
W5V�R8j�^5R h X�w�_�W	_�S�X�r¥omR[c�V h V�W5X|i b5c8_�r�X�U5_�a�Y<XmU[W]\B^ �2c
U|_�a�Y�W5R+a�Y�XM� ��R�W5R�W	W5\~^�� a<o|V<b�Y�d�R�c SlXmW5V�g5W]\B^
n V�o5R+U�V<b£aªw�W�R�¤ER5_�Y�R+wxWmR[g ± S5V�w�V<WmY�_+d5W�R5g i|U�V�g	b+R5gM�
a�R h V�d�f@_8�@X|^ d5_�r�W5R+¤*R d�R h _ h V��eV�b�Y�\À� n V�o�R�U[b5_£a
o	d5Xmw�V�a!i|w�Xx��omR8S]T[R+¤�d5_�W]X�U�V<W]W5_!i n V<o�R�U�b5_m� n V�o�R�U[b5_m�
R[¤*d]_�W5XmU[V�W5W]_!i aIR+j[V�X�^ a�Y�R5d�R[Wx�|X Y5y h y �+y���o�R�a�SmV h W|V�V
c8dmV�w¯i omR�i	c8XmS5a!i d|i h d]_�j8R�Ym� o5R+a<c<i	�@V�W5W]\B^
d	_�a�a�w�R+Y<d�V�W]X5}�Y�_+b[Xm^ r<_ h _�UMy�{�_�bM��c �!���'� j[\BS�X
o5R+S	T�U�V<Wm\ _�W	_�S�X�Y�X�U�V�a�b5X�V _�a<XmwzomY�R8Y�X�U�V�a�b5X�V
c8\:dm_�f@V<WmX�i h S5i¡U5_�a�Y�R8Y�X¡_�wzomS	XmY�T�Y b�R�S5V�j5_�W5X]g
_�Y*R�w�R[c h c�T�^�_�Y�R+w�W�R5g S�X5W5V�g5WmR[g n V<o�R�U�b5X a
X5r�R8Y�R[o]X�U�V�a�b�R�g o5d]X�w�V�a�k�} r�_'w�V��@V�W5X|i�y
� R�S5V�j5_�Y�V�S	k+W5\eV w�R h \ R+¤�d5_�W]X�U�V<W5WmR[g a R�j8V�Xm^
a�Y�R5d�R[W h c�T�^l_�Y�R8w�WmR[g S]X	W�V�g]W�R5g n V�o5R+U|bmX
d	_�a�a�w�R+Y<d�V�W]\�c������	�!y¨�@a�R�j+R[VÃc8W]X�w�_�W]X�V�c ± Y�Xm^
d	_�j+R[Y�_�^ T h V�S�i5S]R8a�k¥b�R�S5V�j5_�W5X|i|w��eS5R5b5_�S	Xmr�R�c8_�W]W5\ew
c
�IV�S�X X�S�X�r�_¿o5d5V h V�S�_�w�X b�c8_'r�Xma<o�S]R[tuW�R�¤ER
a�o�V�b�Y�d5_
n V�o5R+U5b5XM�DU�Y�RZi	c�S�i5V�Y�a!i�R�a�R8j�V�W5W5R¥_+b+Y�T5_�S]k8W5\Bw h S�i
_8W5_�S�X�r�_ b5_�b b�c+_�r�XmR h WmR8w�V�d5WmR8¤*R o�R5c�V h V<W]X+i
Y<d�V�^]wzV�d5W5\~^ a�Y�d�T	b+Y�T5dx�qY�_8b X ^	_8d5_�b|Y�V�d5X�a�Y<X]b
a<X]W�Y�V�r�X5dmR[c8_�W]W5\~^�R h WmR8w�V<dmW	\B^�a�X�a�Y�V�w�y
	ZR[�uW5\Bw¨X
± �I��V<b|Y�X	c+W5\ew _�o]o5_�d]_�Y�R+w h S5i d5_'a�U+V�Y�_
b�R�S5V�j5_�Y�V�S]k8W5\B^ ^]_�d	_�b�Y!V<d]X�a�Y<X5b b5dmX�a�Y�_�S]S5R5c a
W	_�d�T]tIV<WmW5R�g d5V�¤ET�S5i	d5WmR8a�Y<k�} c d5_�a�omR8S]R8f@V�W5X]X
_�Y*R�w�R[c�X�R�a�R8j�V<WmW5R h S5i�R5o5Xma<_�WmX�i�S]R[b5_�S�X�r�R[c8_+W5W]\B^
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_�W]_�SlX�Y�X�U�V�a<b�R�g`��T5W	b n X5V�g§b5c+_ h d5_�Y�_¥U5_�a�Y�R�Y�\ y�GDY�R
^�_�d5_�b�Y�V<d5WmR h Smi R h W�R�w�V�d	W5\B^ a�Y�d�T5b�Y�T5dMy �
d�V�t@V�Y�b5_�^¦j�R8S�k�t@V�g�d]_�r�wMV<d]W�R�a�Y�X omR8S�W5_!i��~R5W�R5W5W	_!i
omS5R�Y�W5R+a�Y�k c�a�V�¤ h _ X�w�V�V�Y Y�_8b W	_�r�\ec8_�V�w�\BV
R�a�R+j�V<W5WmR8a�Y�X ��_8WKJIR5c8_myÃÄ:S�i�Y�_�b5X�^�a�Y<d|T|b|Y�T5d
c8\ed]_�fIV<W]X�V ��°]� T o]d5X5j+SlX|f@V<WmX5V�a<omV<b+Y�d5_�S]k8W�R5g
omS5R�Y�W5R+a�Y�Xx� Y*R�U5W�R�R�o	X�a�\ec8_+}:�IV�V omR[c'V h V�W]X�V V�VL � −

�OomV�d5c8\B^�w�R+wzV�WmY*R5c]y
�x\ed�_�f�V<W�X+iZ�E�	�'���2®m� X��2°m� h S+i �eT�W5b n X5XM�[d�X5W5_uX

a�o�V�b8Y�d5_*S]k�W�R8g�o8SmR8Y�W�R�a�Y�X j�T h T+Y�Y!R�U[W5\Bw�X��¢V*a!S	XM�
W5_!U[X5Wm_Ei�a
b�_�b8R+¤6R�M Y*R�W|R�w�V�d[_ � � ± S5V!w�V�W�Y�\ � M wz_!Y�d5X n \a*Y�_�W|R8c�i[Y!aEi d5_�c+W�\BwzX a�c�R[X�wªo�d�V h V*S]k�W5\�w¨r�Wm_*U+V�W5X+i�wey
{�_�b+R+V�o+R[c�V h V�W5X+V�wz_�Y�d�X�U�W5\�^ ± S5V!w�V�W�Y!R[c�R8r�W5_*U�_�V*Y
o�V�dmX8R h X�U8V*a�b8T5} o+R[c�Y*R�d+i[V*wMR8a*Y�k@_*Y!R8wzWm\�^ a*w�V��OV�W5X�g c

j[_!r�X�a�W5\B^ c'V�b+Y*R[d�_�^ 



: I( < )
 I = ;
∞ X�o+V<d�X�R h X8U+V�a�b8T�}

r�_�c�X�a�X�w�R�a�Y�kIR�Y@W+R8wMV�d5_ � wMR h T�S5V�g h _�WmW5\�^�c�V�b+Y*R�d+R[cmyG�Y*R�c�R8r!w�R8fIW�R���V*a�S5X�U�X�a*S5R�c�R8r!j�T[f h V�W5W�\B^Z_*Y!R8w�R�c c
W5X�^qW+V�X�a�o5\�Y�\ec�_!V�Y W�V!R8¤Òdm_�W5X|U8V�W5W|R�¤ÒR d�R�a�Y�_ o5d�X
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c�R�r�d5_!a�Y�_�WmX5X � � _ Y�_�b+fIVªi5c�S�i[V!Y*a*i o+V�d[X|R h X+U8V�a�b+R[g�eT5W5b n X+V<g W8R+w�V�dm_���U8Y*R ^	_��5_�b+Y*V��5W�R h S�i b+R+S5V*j[_�W5X+i�c
c�R�S	W�R�c�R[g r*R[W�V|y��IU8V�c8X h W�R��¢U8Y!R h S�i�S	XmW8V�g�W5\B^
n V<o+R+U8V�b a c�r�_�X+wMR h V�g�a*Y�c8X+V�wÀj�S	X�f@_�gmt X|^¡a*R8a*V h V�g
j[_�r�X+a�W[\BV c�V�b+Y*R�d5\ j�T h T+Y c�V!a�Y�X a*V*j�i
a�R�R+Y�c�V�Y!a*Y�c�T5}e�@X�w¦R8j�d[_�r!R8we�5V*a!S	X ?
_�� n V�o�R�U[b5_ o�R�S5T�R�¤2d]_�W5XmU�V<W5_ �*c ± Y*R�wÃa�S5T�U5_�V c

b5_�U�V�a�Y<c'V�o�R5d�R�f h _�}I�IV�¤ER�c'V<b+Y�R|dm_ a�S5V h T�V�Y�c8\Bj5d5_�Y�k
a�w�V��IV<W]X�V�b�R[W n V�c�R�¤ER�_'Y*R�wx_ ���*®	�E�  
jl� n V�omR8U5b5_Zj�V�a<b|R[WmV�U�W	_¨c R�j8V¥a�Y*R5d�R5W5\¿�@W�R XmwzV�V�Y
n V�W5Y�d�a<Xmw�w�V�Y<dmX	XMy
QIR8w�V�a�Y�X�w¥c n V�WmY<d a<X�w�w�V�Y<d5XmX�Wm_�U[_'S5R b+R�R[d h X]W5_'Y

X omV<d|V<W�Tmw�V�d5T�V�w _�Y�R8w�\£o�R�wzV�d�VuT h _�S	V�W5X|i�R8Y ± Y�R8¤*R

n V�W5Y�d	_uc�R+j[V¿a�Y�R5d�R[W]\§b�_8b 


±
R H( < )


 H =
;∞ y

��R�r�wMR[f@W]\ h c8_ua�S	T�U5_!i,?
���@c n V�W�Y�d�V
a�X�w�w�V�Y�d5X5X W	_�^]R h X|Y�a!i _�Y�R+w:�]Y�R�¤ h _

�
=
� ( � ) ⊕

9 (± ä ) � ��Á]�

¤ h V j[_�r�X5a 



: H( � )
 H = ;
∞ c o�R h o���R�a�Y��5_�Wma�Y�c�V

� (
;
) R[j�d5_�r!R|c+_�W�a�wzV��IV�W5XmV�w h _�W5WmR8¤*R�_�Y�R+wx_ ��R =

�]�IX
a<X]W5�I_�r<W]\Bw�X���_�W5Y�X�a�X5wMw�V�Y�d5XmU[W]\BwxX¯� a�w�V<�OV<W]X+i5w�X

_�Y*R�w�R[c a�W|R[wMV<d]_�w�X
± � � _�j[_�r�Xma 




: H(± ä )
 H = ;
∞ T

o	d�R�Y�X]c�R��I_�r<W]\Bw�X��*a<X�w�w�V�Y�d	X|U|Wm\ewzXM�ªa�w�V<�OV<W]X+i5w�X
_�Y*R�w�R[c a¢W�R�wMV<d]_�w�X

± ( � + � ) �*_�Y*R�w � =
�¢c ± Y�R[w

o5R h o	d|R8a�Y<d5_+W�a�Y<c'V
W5V�o�R h c+X�f@V�W��  �m�
c n V�W�Y<d|V�a<X�w�w�V�Y<d5XmX _'Y*R�wx_�WmV�Y �*Ymy VmyzW5X�R h X]W
X5r
_�Y�R�w�R5c�WmV
X5w�V�V�YuW�R�wzV�d � =

�]�+�	Y�R[¤ h _
9

=
9 (+) ⊕

� (−) � ���k�]�

¤ h V j|_�r�X�a�\ 



: H(+)

I = ;
∞ X 




: H(−)

I = ;
∞ a�R+R�Y�c�V�Y�a�Y�c�V�W5W5R

R[j�d	_�r�R[c+_�W	\ a�X5W]�I_�r<W5\Bw�X X o5d�R�Y�X5c�R5��_�r�W]\Bw�X
a�w�V��IV<W]X+i5w�X�_�Y�R8w�R5cÃaÃWmR8w�V<dm_�wxX

± ( � + � ) �*R h X]W
U|_�a�Y�W	\eg a�SmT[U5_�g Y<_�b|R[g a<X�w�w�V�Y<d5XmX�j�\eS d5_'a�a�w�R�Y�d�V�W
c��!��®	�E�+yI�V�¤�b|R T�j�V h X�Y<k�a!i���U[Y�R h S5i¥b5_�f h R8¤*RZX�r�U�V�Y�\�d�V�^
d	_�a�a�w�R+Y<d�V�W]W5\B^ j|_�r�X�a�R5c c+\:o�R�S	W|i5V�Y*a!i
a�R�R8Y�WmR[tIV�W	X|V����	�¢X b5_�f h R8V X�r o�R h omd�R�a�Y�d5_�Wma�Y�c
imc'S5i5V�Y�a!i n X5b|SlX�U�V�a<bmX�w�y Q:R�a�b�R8S�k�b�T a�w�V��IV<W]X�V
_�Y*R�w�_ a W�R�w�V�d�R8w

±
R d]_�c8W|R a<d|V h W|V�w�T

_8d5X5��w�V�Y<X�U�V�a<b|R8w�T c'V<b�Y�R[dmR[cl� o]d5X5W]_ h S5V�f
_��@Xm^
c�r�_�X5w�W�R R5d�Y�R+¤*R[W]_�S�k�W	\Bw o5R h o]d�R8a�Y<dm_8W�a�Y<c+_�w �2c
o5V�d5c�R�w¨a�S5T5U[_'V : H(

;
) X : H −

ä(±
ä
) �zc'R c'Y*R5d�R�w¨a�S5TmU[_�V : H −

ä(+)
X : H − ä(−) �+�¿��T5W]b n X|i �[d	XmW	_ªb|R8S]V�j�_8W5X]g ± Y�R�¤ER̀ _�Y�R8w�_
wzR�fIV�Y j5\BY<k c8\ed]_�fIV<W]_ U�V�d�V�r a<d|V h W|V�V
_8d5X5��w�V�Y<X�U�V�a<b|R8V a�R�R8Y�c�V�Y�a�Y�c�T5}:�uX�̂ h X5_�¤*R�W	_�S�k�W]\B̂
± S]V�w�V�W�Y�R[c ¤�d5X]W�R5c�a�b+R[¤ER R�o5V�d5_�Y�R5d5_¡a�X5a�Y*V�w�\ d �
r<_�o]X�a�_8W5WmR8¤*R�c�o	d|V h SmR[fIV�W	Wm\B̂�j5_�r<X�a�_�̂xy

�ua<o�R�S	k'r*T�i¦���	�'��wzR+f
W�R S	V�¤*b�R�o�R�S5TmU[XmY<k

ρ H ( � ) ≡
�
π
��� � H'H (λ) =

� H
¹
(λ)ρ

;
(λ)
 �����<�

µ� ý H ≡ � 
 ′ » λ = λ � b H8H (λ) =
� H
¹
(λ � )µ � ý ; y �����5�

�ur¢���8�8�+� ���o�]�§c¢U5_�a�Y<W|R[a�Y�Xx��a�S	V h T5V�Y���U8Y�R�o5d]X
S�}ej�R8w���R�j8S�_�a�Y�X�a�T5�IV�a�Y<c'R|c+_�W5X|i�w�W	X�w�R5g�U5_�a�Y�X
��T5W	b n X	g � H�H (λ)

�ÒYmy�V5yqo�R�S5R�a<\ WmV�o5d5V�d5\ec+W5R+¤*R
a�o5V�b+Y<d5_m��R h X5W	_�b|R[c8\¿� omR8S�}ea�_���T5W	b n X	g � H�H (λ)

�
R5o5d�V h V�S5i	}:�¿X5V b5c8_ h dm_�Y<\ U5_�a�Y�R8Y h X�a�b5d�V�Y<Wm\e^
b�R+S	V�j[_+W5X	g �*S5R5b5_�S	k+W5\e^§XmS	X§�IV�S5V<c+\e^��

λ � �:Y�_�b�fIVa�R|c+o5_ h _�}�Y h S5i§c�a�V�^	��y ��R5d�w�T�S�_¨���o�]�¦o�R�r�c�R�S�i5V�Y
W]_�g�Y<X a�Y�V�o5V�W5k S	R�b5_�SlX|r<_ n X	X¦X ^	_8d5_�b|Y�V�d�r�_�Y�T�^�_�W	X+i
Y�_�b5X�^ b�R�S5V�j5_�W5X]gMy
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�z_'a�a�w�R�Y�d5X�w r�_ h _'U8T R8j X5r!wzV�WmV<W5X]X
Xmr*R�Y�R�o	X�U�V�a<b|R[g�o	dmX5wMV�a�k8} r�_�w�V<�IV�W5X|i ��R|W|R|WmW5R+¤*R
a�o5V�b+Y<d5_ S�X5W5V�g5WmR[g n V<omR8U5b5X a h c'T�^	_�Y*R�w�W�R5g
± S	V�w�V�W5Y�_�d5WmR[g i5U�V�g	b+R5g�X�o]d�R[_+W5_�S�X�r<X]d�T�V�w¥T5a�S5R5c8X+i
c�R�r�W]X5b5WmR[c'V<W]X+i`c¨Y�_�b�R[g a<X�a�Y�V�w�V¥SmR|bm_�S	X5r�R[c+_�W	Wm\e^
a�R[a�Y*R+i	W5X]g�X�X�^�^�_�d5_+b8Y�V�d5X5a�Y�X5b5XMy
QIT�a�Y�k X�w�V�V�Y�a*i omV<d5XmR h X�U�V�a�b5_!i SlX5WmV�g5W	_!i

n V<o�R�U5b�_�a h c'T[^�_�Y�R8w�W�R5g ± S5V�w�V�W�Y�_�d	W�R5g�i5U�V<g5b|R|gz�
_�Y�R[w�\§b�R�Y*R5d�R5g�X�w�V�}:Y¿wx_�a�a�\ F ä X F ¹ y � _�f h \eg�X|r_�Y�R[wMR5c w�R8f@V�Y a�S5T�f
X|Y<k n V<WmY�d�R8w a�X5wMwzV�Y�d5X	Xz�
omR ± Y�R+wzT d]_�r�j�X5V�W5XmV o5d�R�a�Y<dm_�W5a�Y�c8_ _�Y�R+wxWm\e^
a�wzV��IV�W	Xmg W	_ n X5b�S	XmU�V�a�b�X5V omR h o]d�R+a�Y�d5_8W|a�Y�c8_
a�S	V h T5V�Y�o5d�R5X�r�c�R h X5Y�k�o5R¦�:R�d5wMT5S5V ��Á	�'y��BR[c'wzV�a�Y<X�w
W]_�U|_�SmR b|R8R5d h X5W]_�Yua
R h W5XmwªX�r�_�Y�R�w�R5c wx_�a�a�R|g F ä Xc8\Bj�V�d�V�w§V�¤*R¦a�wzV��IV�W	X|V c b�_'U8V�a�Y�c�V�omR[d�R�f h _�}I�IV�¤*R
c�V�b�Y�R[d5_ :�;( ; ) yz{�_8b+R5gZc8\ej+R5dZW�V�W]_�d�T	t@_�V�Y R+j5�@W�R�a�Y�X
d5_'a�a�w�R�Y�d�V<WmX�i�y�Q:R5d�R8f h _�}:�uX�w c�V�b+Y�R5d�R+w :�;(± ä )
j�T h V�Y a�X�w�w�V�Y�d5X�U5WmR8V a�wMV<�¿V<WmX5V j�S	Xmf@_�g	t@Xm^
a�R[a�V h V�g h _�W	W�R�¤ER§_�Y�R+wx_ �ÒYmy VmyO_�Y�R8w�R�c¨w�_�a�a�R5g F ¹ �+�
Y�R8¤ h _
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
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�
o�V�d5_'Y*R5d���c h _�W]W�R�w�a�S5T�U|_�V�wzR+f@V�Y j5\BY�k

r<_�o]X�a�_8W�b�_8b

=
( ^ � − � ′ ^ ) =











ä¹ √λ @ λ¹  
λ ä  
λ
¹  
�* 

^ � − � ′ ^ = �' 
� = � ′ =

���* 
R

= � ′ =
� �

+ � 9^ R − � ′ G > ���
���2���

¤ h V λ < =
�
α
/ F < ( � = ��� � ) y{MV�o�V<dmk]��V�a�S	XZc�W5_'U[_'S5R b+R�R[d h X]W5_'Y c'wzV�a�Y�R�_�Y�R8w�_

wx_�a�a�R|g F ä o�R�w�V<�IV�W5_�X�r�R�Y*R5o5X5U�V�a<b�_<i o5d]X�w�V�a�k
wx_�a�a�R|g F ′

�*a�w�y~d5Xmamy
�8�'�:Y�Rªb+R�S5V�j5_�W]X+i n V�omR8U5b5X¨a
o	d5Xmw�V�a�k8}§j+T h T�Y@R5o5X5a�\ec8_�Y�k�a!i�R�o5V�d5_�Y�R[dmR8w]=

+ ΛΛ( < ) �
¤ h V¢R5o�V�d	_�Y�R[d�c�R�r*w�T5�@V�W5X|i

ΛΛ( < ) c b�R+R5d h X5W]_�Y<W|R[w
o	d�V h a�Y<_�c'S5V�W	X5X X5w�V�V�Y
c+X h

ΛΛ( < ) =
−ελ ä
�

+ ε
δ H ý ; + 




�
√
�

+ ε
−
� 







λ ä λ ¹� 



ä�� ¹
(δ H ý − ä + δ H ý�ä )

���!�]�
�
ε ≡ ( F ′ − F ä )/ F ä  δ < ý 70T�a�X5w�c�R�S � d�R5W�V�b�V�d5_��+yI�V�¤�b|R c8X h V�Y�km� U�Y�R c n X]b�S	XmU8V�a<b|R[w
o5R h o	d|R8a�Y<d5_+W�a�Y<c'V]9 (±

ä ) R[omV<d5_�Y�R5d ΛΛ( < ) X5W h T n Xmd�T5V�Y
W5T�S]V<c'R[g R|o|V<d5_'Y*R5dM��_�R[omV�d5_�Y�R5d0=©o	d�V h a�Y<_�c'S�i5V�Y�a!i c
c8X h V �
M#w�_�Y�d]X n \ a ± S	V�w�V�W5Y�_�w�X

� ¹�7(± ä ) = λ
¹  � ¹ 7

+ @(±
ä
) = λ ä  � H(± @ ) =

√λ ä λ¹� � ���!¬]�

� � � � =
�]���[� �¯� �M��y#y�y �+y

� n X]b+SlX�U�V�a<b|R8w§o5R h o5dmR8a�Y<d5_�Wma�Y<c'V>9 (
;
) R5o�V�d]_�Y�R�d=

+ ΛΛ( < ) Xmw�V�V�Y
c8X h a�SmV h T5}I�IV�g i	b�R8j5X�V�c�R5g�w�_�Y�d]X n \
�= ;( ; ) =

λ ä
� + ε

 � ¹ 7(
;
) = λ ä  � ¹ 7 + ä(
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