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¶p¸ D,½$>gB&D�>�Çf@,B&>LÌeº�»Mº�;
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> ¸ >g@�º�D ¸ Î�B&»M»`K�ºW¿E<M;
ºcÇ�G¥> ¸ ��Ì#>�@�º¥KgºW½�<[½/>g<?¾ º
Î�B&»M»�; ¸ F�º^¿EK ¸ Î�>�@�KLB�>gº§<MD ¶ K�ºxBE½�ºW½cÇ Æ K ¸ ; �´> ¸ �EÌ¡¼�D�>�<M»�<�>
À,»MB&>�ºWBE¼,½�B�><� L ]�7 é @,ºJ; ¸ F�ºx½�B�>\,�Ø�Î�@�<M»MºJ¼,D�ºpÚ�À*º ¶ >gºWF�Ø¨B&Kgº
¸ D�»MÄ�F�B&;
À*ºWF Æf¸ K�<MD >gº�Kg;
ºWF�<[B�>gº#¾�B&»M¼�ºx½ ¸&Æ [�]�½$¼ ¶ @§>�@¨B�>�>�@�º
¶�¸ KgK�º ¶ >�KgºW½�¼�»?>g½�BEK�º`BEÀ�À�K ¸ B ¶ @,ºWF Æf¸ Kn[�] sut Ø [�] s E 7fV ¸ >�º>g@,B�>(BE½�>�@,º=<[F�ºxB&»ÎÐBE»?»"<[½#; ¸ ¾ ºWF Æ BEK$>g@�º�K Æ K ¸ ; >�@�º=À�»[BE½�;¥B
ÇVD ¸ >½$@ ¸ Î�D:º�Ú2À,»?< ¶ <?>�»MÄ�ÌsØj>�@,º�½/>LB&Â�<M»M<?ÛWºWF:Ñ2<?D,Ñ#; ¸ F�ºW½eF�º ¶ K�ºxBE½�º
<MD:;¥B&¿ED,<�>g¼,F�º�BE» ¸ D�¿Ð>�@�º`KgºWBE»&B�Ú�<[½�¼�D�>�<M»&>g@�º�ÄJF�ºW½$>gBEÂ�<?»M<MÛ�º`B&D¨F
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Ô5º=@¨Bj¾Eº
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>g<?Kgº´½�À*º ¶ >gK�¼,; ¸&Æ BED4<[F�ºWBE»:È�Ê�ËÙÀ�»[BE½�;
B,Ø�<MD ¶ »M¼,F�<MD�¿.>�@�º
<MD�>�ºWKgB ¶ >�< ¸ D�Î�<�>g@§B�KgºW½�<[½/>g<?¾ º�Î�B&»M»ÉØ2Î�<?>�@ ¸ ¼�>�F�<M½ ¶ Kgºp>g<?ÛW<?D�¿�>�@�º
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K�º ¶p¸ ¾EºWK�>g@�º¥K�ºx½$¼,»�>L½ ¸EÆ @,Bj¾2<MD�¿cB&D5<MF�ºxB&»�Î�B&»M»É7
é @,º¥;=º�>�@ ¸ F ¸EÆ <MD ¶ »M¼,F�<MD�¿^>g@�º '/¼�;
À ¶�¸ D,F�<?>�< ¸ DÁB&>(>�@�º�KgºpÃ
½�<[½/>g<?¾ ºJÎ�B&»M»)B ½�B&D^BEF�F�<�>g< ¸ D,B&»�ºxâ�¼,B�>g< ¸ D ¶ B&DcÂ¨º�¿Eº�D,º�KLB&»M<?ÛWºWF
> ¸ B�D ¸ D�Ã ¶ <?K ¶ ¼�»[B&KxØ�D ¸ D�Ã ¶ Ä2»M<?D¨F�K�< ¶ BE»,¿ º ¸ ;
º�>�KgÄ=Â2Ä¥@,Bj¾2<MD�¿�BED
B F�F�<?>�< ¸ D,BE»�ºxâ ¼¨B�>�< ¸ D Æf¸ K¡ºxB ¶ @ÁÀ ¸ » ¸ <[F�B&»�@,B&Kg; ¸ D�< ¶ Ø } Ø">�@�º
F�ºp>gBE<?»[½ ¸EÆ Î�@,< ¶ @CBEK�º�½�@ ¸ Î�Dßº�»[½$ºWÎ�@�º�KgºE7HÕ 2 µ DÁºxâ ¼,<?»M<?Â,K�<M¼�;
> ¸ Îê> ¸ ½$>gBEÂ�<?»M<MÛ�º(>g@�º!�)ÔæÈ ÕgÕ�? Õ < ¶ BED£Â*º¡BEF,F�ºWFc> ¸ � â¨7¡Ç @ Ì
¾ º�KgÄ�½$<M;
À�»MÄ�Õ 2 Ø�BED,F�>�@�<[½�½/>LB&Â�<M»M<?ÛxB�>�< ¸ D³Î�<M»?»�Â*º�½$@ ¸ Î�D�»[B�>�ºWKW7
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º�D�>
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½�¼�À�À ¸ K�>�ºxF�Â2Ä � 6³Ë:ï � ¶�¸ D�>�KLB ¶ >�Ë � Ã µ G E @ Ã �A��GÐÊ E � E �27



�

-10000

-100

-1

-0.01

0

0.01

1

-100 -1 -0.01 0 0.01 1 100

Γ

Re(ω)

FF AA

S

11

22 3

4

5

6

7
Unstable

Damped

τw

0
10-2
10-1
100
101
14.288
14.29
14.39
20
102
103
104
∞

8

��� ©#¢��&t � rEqsnW� *���mßy%��qL�go%�/v �Ó�H��o � q"�L�x�(� �Hqg«�����nW� q�[���)�xnp�/���Wv�y��WnW�Hv�qgy��W� .10 � �Ho � o � q� ��nWy%��n���n��$n��(qgo/qg�/y��W� � ��wE¢"z�n��2r 81: � �¹z � }EzW¢
�"� q��Hqgo%o/q�� �É��n���qL�H��qLr
�(�&r qLy`np�/qxt � � � nWyko���u��"u��¦�M���qg��� ² � ² �Wv���r,¢

	¦z�
�'�¢��¢ ©��/�H�(�
|��E¢ *§¢ ©��/qLqL��qW|�n��2r�� ¢��¢��x� � ��y%�W�¨|�*=qgo � �&r�¢
��W�(�¨¢�� � �EyL¢���,|2{ ���
lkz������j��¢

	 {�
 *§¢ ² ¢�� � nW� �Lqx|��E¢(*§¢"©��/qLqL� qx|('�¢���¢"©��/���(�
|en��2r��E¢ ��¢
�W� � � y%�x�,|"!�v��L�]¢ � v�y%�H�x�#��$�|%� �¡lkz&���'�W��¢

	 �(
�)¹¢*)�qg�/� qg�s|+):¢,�,qg�/���H� wxqg�s| '�¢�©��/v���q��s|:n��2r � ¢ � y%v���q��
��npo/y%v¨|"��x�(�,¢�� � �EyL¢-��W�(�Jv �¨¢�.%�,|2{x{ �=lkz��W~ �x��¢

	 /�
�m#¢0� ¢�)cn��$r,| ² ¢���¢0�jnp�$r �H�¨|¨n��2r1��¢�28¢�� � qL� w |�� ¢���W�(��vEos¢
� � �EyL¢���3"4*|�{W{&z�lkz&�'�'�x��¢

	 ��
 ² ¢65#¢ *=qsr �xqsr qL�ÐnW��r87�¢LmJ¢��)v yko/���&�¦o/�p��|'����nWy%��n�� � �EyL¢1'�qL�,¢
.�3¨|2~�� �=lV{�}x}�/j�

	 �(
*9�¢ ² o%�/v��#��qg�/wxqg�s| ² ¢(©�:v���o/qg�s|;�8¢&*=qg�/°jqg�f| ² ¢='��H�x��r�n�o/�E|
9�¢ ² � � � n��/�x|%��¢ � ��� � ��n����,|2n��2r<��¢���¢%2�q � �%�MqL��r,|%!�v��L�]¢ � v �
y%�H�W�;40=,|,zxz1���
lV{W}W} �W��¢

	 �(
`mJ¢>� ¢()cn��$rÁnW��rÁu�¢ ?�x��r qLy%�W�¨|*� � �EyL¢@����nWy%��n�yBA,|�z����W}
lkz&�'� �W��¢

	 ~�
�):¢pu�����qg�%os|pm#¢�?qg�/wWqg�s| '�¢s©��/v���qg�s|WnW��rC� ¢1'�nW� �2nW�W|�� ¢���x�=�
� v os¢"� � �EyL¢0�D,|2{W~�/¥lkz&��� �x��¢

	 ��
 ² ¢ )Ó¢��ÐnW��q���nW��rE� ¢�8¢ � �/qL��r ��q��/w |� � �EyL¢ � �Hv �?rEy>?F�2|�z������
lkz&�x~'�x��¢

	HzL}�
G��¢�©Ðv2n��L�L��o%o/� |0� ¢-��¢ � �/qL��rE��qg�/w |�n��2r!'�¢"?qgo%o/�]|0� � �EyL¢"�)��n�y �
��n�y8��=,|2}'�x{ �W}'�¥lV{�}x}x~x��¢

	HzWz6
�u�¢%?�W�2rEqLy%�x�¥n��2r�mJ¢�� ¢ )cn��$r�|%� � � yL¢ '�qL��¢��¨qgo%os¢%$"A,|�{'��}'�
lkz&�'��/j��¢

	Hzs{(
 '�¢�?qgo%o/��n��2r1� ¢��8¢ � �/qL��r ��q��/w |�� � �EyL¢ '�qL��¢0�¨q�o%os¢H$4*|*{���/��
lkz&�'� �W��¢


