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V max = c 
λ min - λ moyen

λ moyen

dmax - dmin = 2Vmax
ω

 cos 0 - cos π
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� ������� 	�
��5
'� � 
���
������ ��
�å�� å�� î ��"�������� !�(<���i� � ��[]� ������(��i(��
3�G o α = 2π ∗ 1/25 ∗ 10

� �]`
2.5 ∗ 10 

� é @�G9F�D G�A<I
3 ~ o γ

`,f�q x�r π S�3�u fQ` u5T wQr�3 f�� � @�G9F�D G�A<I
β = γα

` v5T vQr�3 f���  @�G�F5D G�ACI `,s T xKrQ3 f�� � ïv o AC=/A�R�G�@ s T x�r�3 f � � 2 f�q 3p o : ` 3 f r f T 3QS s T xQrQ3 f�� ��` v�v f�f G�ACIs�o A�=�A q R�G�@}? 6 =/>5: D W<E�7}8 G�D :zF57�IX>5@i=<B<@i¯�I q =�An>�7�E5:5Fj| Ú �{N§7�I$E5@J7�@XFj7�IXG�ACB<? 7�I§3 f��i� ï 7�A@iG�FjD = º G�IJ: @�=�AC=�N{D 75T
� ���i��� 	�
'�5
'� � 
���
������ ��
'å�� í��
	5ª�!����}[���"����i� �<&'% (�% �h�<�
�
�5E�? IJG�@ � G�D IJR�79G�E,: =/E�@iA<G�AC: Þ ¹�I$: ¯9N{7I$=/? G�D @i7�

V ` ω �
H ` v π @�S9² ` v f�f rjv π >�R�S�I ` pjT u�u³3 f��   N¡S9I« 7�: : 7,H<D : 79I$I$7 q 3 f*� � 8 =�D IK>�? E�I]@�G�>�D F57]W<E57a? G�? E5N{D 9̄@i7 q AC7a@J79N§7�:}>5G�I�7�A*R�G�E�I$7]? G'@i7h? G�: D H<D : |@J7�I�: @i7�D A5: 7ORhGM@�Rh7nA�6 7�I�:X>jGMI,EjA�7¬>5G�@i: D RhE5? 7'N§GM: |�@JD 7�? ? 7aWCE5DXI�7­Fj|�>5? GMR�7aN§GMD I�EjAý>�=/D AC:BC|M=CN*|M:�@$D W�E�7jT}±�?úA�6 ¹ G >�G�I³F]7 @$7�? G/:�D =CAàR9G/EjIhGM? 7ú7/Aj:�@$7 Fg7ME�L >�=CD A5:�Iý|hR$? G�D @�|hI
Ã<Ä$Å�Æ*Ç�ÈzÉ5Ê�Ë/Ì �iÍ ¶��ÏÎM�iÐ Ð À ÑiÒ/Ó$Ô�Í9Ô�¸�Ô�Ð Ì À Ì Ô�Í ÊJÊ$Õ�Ê�ÖhÕ9ËJËz×/Ø Ù Ì �JÐ�� Ù



IJE�R$R�7hIJIJD H�79NO79AC:<>�G�@j? 7K8 G�D IJR$79G�EXT
� �����i� 	�
'�5
�� � 
���
������ ��
�å�� ����Z��j�'!�� �}����� !�����"�����(��$��!
��=/E5@�? 7K@�G�¹�=/A�µaF57K? 6 G�ACAC79G�E,=/A�GQ? GQ@�79? G�: D =/A­P

µ � c�F �z` @ ��` R � : �

µ ` ��R � : ��º F ���]� � �

µ ` R m : �zº : � ��o]� � �=/A�F�|98 D A<D :<? 7K: 79N{>�I]|9R$=�E�? | τ F�79>CE�D Ig? 6 G�>�>CG�@�D : D =/AaF�7}? 6 |hR$µC= par :
τ ≡ : º : �=�A�G{Pµ ` R m vQ: � τ + τ

�
)
� � �

45GKH<D : 79IJIJ7XF56 79L�>�G�ACIJD =/AaG�>�>�G�@�79A<: 7XF57X? 6 G�A<AC7hG�E�79IJ:<H ` F�µ}S9F τ
H ` F�µzS9F τ

` R τ
��� � �

(vQ: � + τ
o���� � �

(: � + τ
o

H�: 79ACF{H�79@iIzc ∞ >�=/E5@ τ
º �,f 79:<@i79IJ: 7KIJE�>�|9@iD 79E�@i7X��RzW<E�79?/W<E�7KIJ=�D : τ > 

f T�ä�? ? 7X: 79A<FOH�79@�IRz>�=/E5@ τ
��� : � T

� �����i� 	�
'�5
�� � 
���
������ ��
�å�� ����� �i�����<"��i��� �<&'% (�% �9���
3 o<� E{: 79N{>5I]:J� q E�A�A�E�G�B<7�>�G�@i:<F5E�R�=�7�E�@KF5E�W�E5G�IJG�@j��E�A�7XH<D : 7�IJI$7}HzT « 7�:5|�HC|�A�7�N§7�A�:79IJ:<H<E,>�G�@�? 6 = ~ IJ79@iH�G�: 79E�@�>�? G�R$|K�Q? GQF5D I$: G�A<R�7X@�G�E�: 79N{>�I�P

²g� ` :���ca@�ShR� E,: 79N{>�I]: Ê ? 7KA<E�G�B�7XGQ>�G�@�R$=�E�@�E�E�AC7XF�D IJ: G�ACR$7X?gT y AaG,P
: Ê ` :���ca?�ShH« 7�:�|9H<|9AC79N§79AC:�79I$:5H�E§G�E{: 79N{>5IaP
² Ê ` : Ê c m @ º ∆L o S9R

45GQH<D : 79I$IJ7KG�>�>�G�@i79AC: 7QH · 79IJ:�F5=/ACAC|97Q>�G�@'P
H · ` ∆¹§S m ² Ê º ² � o`

∆¹àS m : � ca?iS9H�c�@�S9R º ∆LjShR º : � º @�S9R o�̀ ∆¹àS m ?iS9H º ∆LjS9R o` ?�IiD A θ S m ?iS9H º ?MR$=/I θ  S}R o` IiD A θ S m 3�S�H º R$=�I θ  S}R o
H · ` R$H�IJD A θ S m R º H�R$=�I θ

o
79AOAC=/: G�AC: β ≡ HzS9R�79: β · ≡ H · S9R q =/A�GOP

β · ` β IiD A θ S m 3 º β R�=/I θ
o

v o �5=/E5@g: @�=/E5H<79@g? 7QN{G�L�F�7 β · 79A�8 =�A<R�: D =�A�F57 θ =/A�G�ACACE�? 7KIJGQF5|9@�D H<|97,P
F β · SzF θ

`
β � m 3 º β R�=/I θ

o R�=/I θ  − β IiD A 2 θ ]  /  (1 − β =/I θ ) 2`
β
m
β
º R�=/I θ

o
/  (1 − β =/I θ ) 2

F β · SzF θ
`bf

⇒ β
` R�=/I θy AaGQG�? =/@�I�P

Ã<Ä$Å�Æ*Ç�ÈzÉ5Ê�Ë/Ì �iÍ ¶��ÏÎM�iÐ Ð À ÑiÒ/Ó$Ô�Í9Ô�¸�Ô�Ð Ì À Ì Ô�Í ÊJÊ$Õ�Ê�ÖhÕ9ËJËz×/Ø Ù Ì �JÐ
� Ù



IJD A θ
`èm 3 º β 2 ) 1/2

β ·�¶g· ¸ ` β
m 3 º β

��oj��� � �z`
γβ

p o y A�F�=�D :<G�H<=/D @ β ·�¶g· ¸ � 35IJ=�D :zP
β
m 3 º β

��o���� � ��� 3
β
��� 3 º β

�
⇒ β

�
√vOS9v IJ=/D :<H � R�S √v� ? GQH<G�? 79E�@j? D NOD : 7XH ` R�S √vQ=/AaGQE�AaG�ACB�? 7 θ : 79?/W�E57,P

R�=/I θ ̀ √vOS9v ⇒ θ ̀ π S ss�o IJD β
`,f T ´�´�=/A�G β ·�¶g· ¸ ≈

m 3 º f T ´�´ ��o���� � �$` w q IJ=/D :aH · ≈ wQRlT
���������
�� �!#"�$
% 
���
������ �$
Qí�� � P ���<��[�!$�<��&K!$&'&'!

3 o B ` °QN¡S s @ � d G `,º H � S9@ 79:CB `Oº G `'� H `�f T x m °�N¡S9@ o � � �

v o V ` x�w�t f�fQ� NàI ��� q ² ` 3 q f ´QNOI
p o ä Ñ `,º °�N � S9v�@ ` 3�p5T vKL{3 f � ��( d;�6 G�>�@�¯hIg? 7X: µ}T�F�E�H<D @�D 7h? q ä Ì `aº ä Ñ Shv `�� ä Ì ` °�N � S s @ ` c,t q t f L{3 f�� � () AC79@�B�D 7KN{|9R�G�ACD W<E�7,P ä ¶ ` ä Ñ c�ä Ì `,º t q t f L{3 f�� � (
s�o @ Í ` v�° m v�N o SKR ��` x5T ´ � N
x o F�D 8 8�ä ¶ ` °�N � S s @ Í º °�N � S s @ Ê ` °�N � S sOm 3�S9@ Í º 3�S9@ Ê o<`ks�q x�uQLO3 f<� � (

t o : ` 3�I d � `�s�q x�uQLO3 f�� �+*¡q I$=/D :z3 fC� Â 8 =/D IgR$7h? ? 7XF�E�Ii=/? 7hD ? q 7h:�? GK>�E�D IJIJG�A<R$7XF�7s Lj3 f<é B/G�? G�L�D 7hI/T
w o ä Ð Ô-, . `�/ 7CS Þ d Þ `�s Lj3 f���� N � d �5=/E�@gE5A�B�G�N{N{G q 7 ` 3 q t�L�3 f���� � (
ä�ä Ð Ô0, . ` 3 q t�Lj3 f���� � S s Lj3 f<���$`,s LO3 f<�  1* N � �

u o ��=�E�@�? 79I]B�G�N{N{G�I�P�ä Ð Ô0, . `�f T w�L��}S s �C±<F � `�� F `­m f T w9L��XS s �C±<ä Ð Ô0, . o � � �

F ` v�T x9Lj3 f�� � N ` u q vQ°Q>�R�T

Ã<Ä$Å�Æ*Ç�ÈzÉ5Ê�Ë/Ì �iÍ ¶��ÏÎM�iÐ Ð À ÑiÒ/Ó$Ô�Í9Ô�¸�Ô�Ð Ì À Ì Ô�Í ÊJÊ$Õ�Ê�ÖhÕ9ËJËz×/Ø Ù Ì �JÐ
2 Ù



� �����i� 	�
'�5
�� ��
���
������ ��
3��� � PQP ñ9�$����^��$�/�<�� .�!�&�"�_ _ _
ä�A�>�@�79A<G�AC:lR ` �§��F ⇒  F ` R'SX�§� q =/AaG�E�@iG�D :zPjF `,s �QxQ°Q>�R q NOG�D I]G�: : 79A<: D =/A q ? G@�79? G�: D =/AkH ` �*�CFkAC6 79IJ:<>�? E�Ig? D AC|9G�D @�7XW�E�G�ACF,H º � RzdK? GQF�D IJ: G�A<R�7X7hIJ:<IJ=/E�I º 79IJ: D NO|97�T
� ? GKF�D IJ: G�ACR$7X=/ÿ�H º � Rzd9®K: 7hACF�H�79@�Ig? 6 D AC8 D ACD�Py Aa>�G�@�:�F57X? 6 79L�>�@�7hIJIJD =/AaF57X? 6 798 8 79:<;�=/>�>�? 7h@�? =/ACB/D : E�F�D ACG�?�P ν = γ (1 − β) νο 
⇒   ν /  νο = [ (1 − β) /  (1 + β) ] 

� � �
Þ D�H º � R G�? =/@�I β

º � 3 79: ν /  νο 
º �,f T

;�6 G�E�: @�7X>�G�@�:CU `54
λ S λο) − 3 `64

ν ο /  ν) − 1   ;   ν /  νο 
º �,f

⇒     U º � c ∞ T
« 79: : 7QF5D I$: G�ACR$7QR�=�@�@�79I$>�=�A<F{��? 6 µ<=�@�D ®�=�A,R$=�IJN{=�? =�B�D W<E�7�T
� �����i� 	�
'�5
�� ��
���
������ ��
3��� Y P �'�i(�[�% � \z���z�� �<(�% ������[
�*� ` v5T xO3 f���� Â I ���
ρ 7 À ¶ ` pK� � Ö SKu π ° ≈ 3 f�� � �J� B{N � ��m 79ACH<D @i=/AOR$D ACW�G�: =/N{79I}F56 µC¹�F5@�=�B�¯9AC7�>�G�@]N � o T
;'79A<I$D : |K= ~ IJ79@iH�|97KF57K? 6 G�N{G�I]? =/R�G�?]P
tO3 f�� � rgv�r�3 fa� ¾ S m xQr�pQr�3 f�� � o���` 3�T vO3 f�� � SXp5T s 3 f<�  J` pO3 f�� � ÂJ� B{N � �
45G�F57�ACIJD : |�= ~ I$7�@iHC|�7OI$79@iG�D :�p Û F57�? G'F579ACI$D : |�? D N{D : 7�T T TiçnG�D IzR�79: : 7�N{7�I$E5@i7aF57�F�79A<IJD : |hI7�I$:KI$=�E5I�7�I$: D N{|�75T�äjA­7�8 8 7�: q ? G,I$: G�: D IJ: D W<E57}F57�I�HCD : 7�I$I$79I'Fj79I�B�G�? G�L�D 7�IKF5G�A�I'? 6 G�N§G�IQ? =/RJG9?N*=<A5: @$7nWCE56 7�? ? 7�I�I�=<A�:�B<@iG�HCD : G�: D =�A�AC7�? ? 7�N{7�A�:j? D |�7�I�T « 6 7�I�:�? 7¬>j@J= ~ ? ¯�N*7§F�7ý? G ï N{G�I$I$7N{G�ACW<E5G�AC: 79ðjT

� ������� 	�
��5
'� � 
���
������ ��
8��� ¨ý�
9K���z���]�i ��(<% ������[
1) Ω

` 3 ⇒ ρ � ` ρ 7 À ¶�À : Ô ⇒ ä ` ä Ñ c�ä Ì `af ⇒ ä Ñ `�º ä Ì
ä Ñ `Qº °�çnN¡S9@

⇒ °�çnN¡S�@ ` N{H � S9v ⇒ vQ°QçlS9@ ` H �ä Ì ` NnH � Shv
F5@QSXF�: ≡ H ⇒

m F�@�S9F�: o<` c m v�°�ç oJ� � � @ ��� � �

@ � � � F�@ `­m v9°�ç o�� � � FC:
∫ @ � � � F�@ `­m v�°Qç o � � � ∫ FC:

ä5Aa>�@i79A<G�A<:CR$=�N{N{7XR�=/ACF5D : D =�A<I]G�E�L�? D NOD : 79Ig@ `,f >5=/E�@�: `,f =/AaGOP
v5S9pQ@ � � �$`­m v�°Qç oC� � � :
@ � � ��` p�S9v m v9°�ç oC� � � :
@ `èm p5S9v oi� � �<m v�°Qç oC� � � : � � �

457�@JG�¹�=<AORh@i=<; :�F5=/ACR]D ACF5|98 D A<D N{79AC:CN{G�D I�F57�>�? E�I�79A¬>�? E5IC? 79A�: 79N§79A�:�Th45GXH<D : 79I$IJ7�F�@�S9F�:: 7hACF,H<79@�I]? 6 D AC8 D ACD/>�=�E�@�:<: 7hACF5G�AC:<H<79@�I f T
v o y AaGKF56 G�>�@�¯9Ig? GQ? =/D/F�7X�aE ~�~ ? 7�P�H � ` � � @ � F5=/ACR�P

� � @ � `­m F�@�S9F�: o<` c m v9°�ç oJ� � � @ � ��� � �
Ã<Ä$Å�Æ*Ç�ÈzÉ5Ê�Ë/Ì �iÍ ¶��ÏÎM�iÐ Ð À ÑiÒ/Ó$Ô�Í9Ô�¸�Ô�Ð Ì À Ì Ô�Í ÊJÊ$Õ�Ê�ÖhÕ9ËJËz×/Ø Ù Ì �JÐ òJÙ



@ � � � �$`�m v�°Qç oJ� � � � � ���
;'6 G�E�: @�7K>�G�@�:C? 7K@i|9IJE�? : G�:C: @i=/E�H<|K79A­3 o 79IJ:CH<G�? G ~ ? 7 ∀ :<F5=�A<R}>�=�E�@�: � P

@ � � � �$` p5S9v m v�°Qç oC� � � : �
ä�Aa|9B/G�? D IJG�AC:�? 79IgF�79E�LOP

p�S9v m v�°Qç oC� � � : � `�m v�°Qç oJ� � � � � ��� ⇒ : � ` v5S9p�� � ���

:

@

:J�� Ë Ù Ê
f

� ������� 	�
��5
'� � 
���
������ ��
8��� �����3=�"���������($^�� \
y A­8 G�D :CE5A�7ORh=�E5>�7�>5G�@�E5A{>5? G�A¬F57�R�7�: : 7 s�º I$>�µ�¯�@i7�T « 7�? G§Fj=�A�A�7'E5AèR�7�@�Rh? 7KF57{@JG�¹C=<A� m : o F5=/AC:<? 7KR$79AC: @�7X79I$:<R$79? E�D/F�7K? G s�º IJ>�µ<¯9@i7�T

θ

� m : o

? m : o�

>

y AOR�µC=/D IJD :CF579E5L�>�=�D AC: I � 79: > IJE5@}R�7�R$79@iR�? 75Ti45G�F�D IJ: G�ACR�7KW�E5D<? 79IXI$|�>�G�@i7�I$E�@X? 7�R$79@�R$? 7H<G�E�:}P ? m : o�` θ � m : o ⇒ θ
` ? m : o SX� m : o4�6 G�ACB/? 7 θ @i79IJ: 7QR$=�ACIJ: G�AC:�N{G�D Iz� m : o H�G�@�D 7�T45GKH<G�@�D G�: D =/A�F�G�ACI]? 7K: 79N{>�IgF57X? GQF�D IJ: G�A<R�7X? m H<D : 7hI$IJ7X@�79? G�: D H�7K79A<: @�7 � 79: > o H<G�E�:zPH m : oa` F5? m : o SXF5: ` θ F5� m : o SXF5: ` ? m : o �<3�SK� m : o T5F5� m : o SXF5: �y AOG�F5=/A�RKE5AC7�@�7�? G�: D =�A{F57�>�@i=�>�=�@i: D =�ACACG�? D : |'7�AC: @i7�H<D : 79I$I$7'7�:]F5D I$: G�A<R�7 q IJD N{D ? G�D @i7X��? G? =/D/F57X��E ~/~ ? 7,PH m : o<` ? m : o Tj� m : o�q =�ÿ � m : oC` 3�SX� m : o TjF�� m : o SKF�:« 7�: : 7'@�7�? G�: D =�A�7�IJ:CH<@iG�D 7XW<E�79?�W<E57KI$=�D :�? 7�>�? G�A�R�µ<=�D I$D�>5=�E5@j? G}R�=�E�>57}79:�W�E579? IjW<E57KIJ=�D 79AC:? 79I]>�=/D AC: I � 79: > q F�=�A<Rz>�=/E5@j: =/E�I]? 79I]>C=�D AC: I]F57X? GQp º IJE�@�8 G�R$7XF57X? G s�º IJ>�µ<¯9@�7�T

� ������� 	�
��5
�� � 
���
������ ��
8��� ¨ )5!$% (�.i���g�i ��#�"�!�(�[�% �$(�_
3 o θ ? ` ?-?/S9��Tv o F θ

` H�F5:$S�� m : oC` H�G ��� : �M� � � FC:Ã<Ä$Å�Æ*Ç�ÈzÉ5Ê�Ë/Ì �iÍ ¶��ÏÎM�iÐ Ð À ÑiÒ/Ó$Ô�Í9Ô�¸�Ô�Ð Ì À Ì Ô�Í ÊJÊ$Õ�Ê�ÖhÕ9ËJËz×/Ø Ù Ì �JÐA@ Ù



p o θ
` p�HzS9GO� : � � �$º :B? � � �$�s�o =/E�D q 79? ? 7X¹�G�@�@�D H�7XF5G�ACI]: =�E�Ig? 7hI]R�G�I/T�: ` � θ ? G5S9p�H�c,: ? � � � � �x o θ
` p�R]G ��� : � � �t o ? ` θ � m : o<` p�R$:w o Þ D�E5A{= ~ Ú 7�:'7�I$:�I$D : E5|KG�E*F57�? �QFj7�? 6 µC=�@iD ®�=�A�R�=�I$N§=�? =�B<D W<E57 q I$G�? E5N{D ¯�@i7QN§79: : @iG�D :j>5=�E�@AC=�E5Ig>�G�@iH<79A�D @XE�A�: 7�N{>5I�IJE5>�|9@iD 7�E�@��a? 6 ì�B<7zF57�? 6 E5A<D H<7h@iI/T y A�A�7a>�79E5:�F5=�ACRK>5G�I�@i7�R�7�H<=�D @F57X? E�N{D ¯h@i7XF57XR�7h:C= ~ Ú 79:<>�E5D IJW�E�6 D ?/AC7X>�79E�:<C9: @�7K>�? E�I]ì�B�|XW<E�7X? 6 E�ACD H<79@�I/Tu o ±�?XA56 ¹¡G�>jGMI,D ACR�=�N§>5G�: D ~ D ? D : |KGMHC7�R­? 7n@i7�? GM: D HCD : |�@J7�I�: @i7�D A5: 7ORhGM@�? 7¬Fj|�>5? G�Rh79N§7�A�:gF57? 6 µC=/@�D ®�=/A�A<7KR$=�@�@�79IJ>5=/ACF,>�G�I]G�E,F5|9>�? G�R�79N{79A<:CF�6 E�Aa>5=/D AC:<N{G�: |9@�D 79?iT

� �����i� 	�
'�5
�� � 
���
������ ��
8��� ����D &'!�����[�����!$��% � !$� % ��(�(���� � ��[g�5 ��(E�h��!$[�!��
G o °�G�? G�L�D 7�P�® `�f T 35d�H ` ®�R ` p,3 f��$� N¡S9I]d�; ` HzS9� � ` ®9R�Sh� � `�s9f�f ç¬>�RF E�G�IiG�@QP�F ` u f�f ç¬>CR~ o v θ

`as °QçáSh@�R � ⇒ ç ` @�R � θ Shv9°@ ` ; θ ⇒ ç ` ;�R � θ� Shv9°R o ç ` 3�T ´�t,3 f�� �J� B ≈ 3 fO� � N{G�I$IJ79I]I$=/? G�D @i79I/T

F o

F E�G�I$G�@
y ~ I$79@�H<G�: 79E�@θ1

θ2
αv

α 3

@ Ö
@ Ê

;Þ =/D :�;�? GKF�D IJ: G�A<R$7XF57}? GKB/G�? G�L�D 7 q 7h:<@ Ê 7�:5@ Ö ? 79IgF5D IJ: G�ACR$79IgN{D A<D NOG�? 79IgF57X>�G�IJIJG�B�7XF�79I
@�G�¹�=/ACI]>�@�¯9I]F57X? GQB�G�? G�L�D 7�P@ Ê ` ; θ Ê `as °QçáS α Ê R � ⇒ α Ê `�s °QçáSh; θ Ê R �
@ Ö ` ; θÖ `as °QçáS α Ö R � ⇒ α Ö `�s °QçáSh; θÖ R �
��G�@�G�F5F�D : D =/A q =/AaGOP α Ê + α Ö `�s °Qç m 3�S θ Ê cn3�S θÖ o Sh;QR � m 3 o
;'6 G�E�: @i7�>�G�@�: q B�|9=�N{|9: @�D W<E�79N{79AC:KP α Ê + α Ö = 2(θ Ê + θ Ö ) m v om 3 o 79: m v o ⇒ (θ Ê + θ Ö ) ` v9°Qç m 3�S θ Ê cn39S θÖ o S9;QR �

⇒ ç ` θ Ê θÖ ;XR � S9v9°
� ������� 	�
��5
'� � 
���
������ ��
8��� Y���Z���� \�� ��[�.J�$"����<�$� ��% �/Ý
3 o θ

`as °QçáS9@�R � ��=�E�@g@ ` 3�T x�@ � =�A�G{P θ ` xjT t s rQ3 f�� � @�G�F�D G�A<I ` 3�T 3�t�ðv o ; ` @�S θ
` @ � R � S s π°�ç ��=�E�@�@ ` 3�T xQ@ � =/A�GOP�; ` 3�T u�xO3 f � � N ` w q 3 Ú T ? E5NOD ¯9@�7�Tp o ;�¶CÀ ÁjR$=�@�@�79I$>�=/ACFOG�EOR$G�I]=/ÿO@ ` @ � P�;,¶CÀ Á `Of T u�v�r�3 f�� � NýT;a¶j· ¸�R�=/@i@�79IJ>�=�A<FOG�EOR$G�I]=/ÿ,@ ` ∞ P�;,¶j· ¸ ` ∞ Ts�o<� AC7XB�@�G�H�D : G�: D =/ACA<79? ? 7X? 79A<: D ? ? 7KA<6 79IJ:<>�G�I]F�7 ~ =/ACAC7XW�E�G�? D : |XR$G�@j;�AC6 79IJ:<>�G�IgD ACH<G�@�D G ~ ? 7�P�D ?F�|9>�79ACF,F�7K@�T � AC7X: 79? ? 7X? 79AC: D ? ? 7K7hI$:<R$79>�79A<F5G�AC:<G�R�µ<@i=/N{G�: D W�E�7XR�G�@�? GQR$=�E�@ ~ E�@�7XF57X? 6 79IJ>�G�R$7R�=/ACR$79@iAC7KF�7Q? G�N�C9N{7K8 G�ô�=/A�: =/E�: 79Iz? 79I]>5G�@�: D R$E�? 79I]I$G�ACI]N{G�I$IJ7KG�E,@�79>�=�I/Tx o y A�? GQH<79@�@�G�D :CR$=�NON{7KE�AaG�ACA<79G�E ~ @iD ? ? G�AC:<79AC: =/E�@iG�AC:<? 7KIJ=�? 79D ?JTt o θ

`�s °�ç SX@�R �F θ
`,º<s °Qç SX@ � R � F5@ R$=�N{NO7 ; ` @ � R � S s °�ç =�AaG,P F θ

`�º F�@QSX;F�L ` F�@ º ;�F θ
` F�@jc�F5@ád F5L ` vKF�@QT

Ã<Ä$Å�Æ*Ç�ÈzÉ5Ê�Ë/Ì �iÍ ¶��ÏÎM�iÐ Ð À ÑiÒ/Ó$Ô�Í9Ô�¸�Ô�Ð Ì À Ì Ô�Í ÊJÊ$Õ�Ê�ÖhÕ9ËJËz×/Ø Ù Ì �JÐ�G Ù



@
F5@

F�L
θ
F θ 

;
w o F5L ≤ x f N{N ⇒ F5@ ≤ v�x�N{N Tu o Þ EC@�8 G�R$7XR$=/? ? 79R$: @�D R$7�P Þ Ì ` v π @�rjv�F�@ ` v π @�F5L d : G�R�µ<7K8 =�R$G�? 7,P Þ�H ` π F5L �Þ Ì S Þ�H ` v�@QSXF�L

´ o �gG�>C>�=/@�:�F56 G�NO>�? D 8 D R$G�: D =/A ` Þ Ì S Þ�H ` v�@QSXF5L
��=/E�@j? 7hI]R$=/ACF�D : D =/ACIgF5E�> ~ P�v�@�S9F�L `�s T 3�uO3 fa� ¾y E�D q G�E,8 =�¹/79@�F�7XR�7 ï : |9? 79IJR$=/>�79ð q ? GK? E�N{D ¯9@�7XF�6 E�A<7XIJ=/E�@iR$7X>�=/ACR$: E�79? ? 7K�K? 6 D A<8 D ACD/7hIJ:G�N{>�? D 8 D |h7KF�G�ACI]E�Aa@�G�>�>�=/@i:z3 f�� ¾ �

Ã<Ä$Å�Æ*Ç�ÈzÉ5Ê�Ë/Ì �iÍ ¶��ÏÎM�iÐ Ð À ÑiÒ/Ó$Ô�Í9Ô�¸�Ô�Ð Ì À Ì Ô�Í ÊJÊ$Õ�Ê�ÖhÕ9ËJËz×/Ø Ù Ì �JÐ�I Ù


