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d�R	KYk+R���kYV+K+R>V_`�|UONSUa�]4JeMURWk	tV_|UcgV�I�R}I�RWK+R�~US)c'mULNR{V_J!MURWV+R	`WV	� � |UONk�OQk�LQONX'R	Lf��m�R	`	c'~Uk+R�V_|UR>�¨MUOQM¨SUJgV^`	c'~UkYR¼k+ONa�SUOf�)`�c'S�VLQJ'SUa�ONV+~UMUONS)c'L�MUOQkY�UL�c'`WR	]4R	S�VPJ'Z�V_|UR�V+R	kYV
��]^c'k+kPkY~UKYZÃc'`WR'�� |UR¨MUONk+k+ON�)cgV+OQJ�SÙ]4R�cgk+~UKYR	]4R	S�V_k«I6R	KYR�`	c'K+KYOQRWM0J'~%V9m��hR>�e`WONV_ONSUazK+RWk+J�SUc'S�V�]^J�MUR	k9JgZV_|%R«V_R	k
V}]§cgk+k+RWk	t�V_|URWS¥]4R�c'kY~UK+ONSUaÀV+|UR9Z\K+R	R9M%R	`�c��zJgZ�V+|UR«d�OQmUK+cgV_ONJ�SUkW� � |UR9]4J�MUR	k�I6R	KYRLQJ�`�cAV_R	M}IPONV+|¼m)cgSUMe��LNOQ]4ONV+R	M!¸\V����UON`�c'LNLN��¾g �V+J¼sB � ^à�á�m)c'SUMeIPOQM%V+|�»P�%k+R	~%MUJg��K+c'SUMUJ']ÎS%J�OQkYR²J�K
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Fused silica

fibers

Fused silica

ears

Fused silica

intermediate

mass

Steel wires

Fused silica

test massÏ�ÐfÑ'Ò Õ�Ó{âmØ º0���?Ä? ��¤Ã �¤�y��¡�®oÜ�½?»�»
Ã����M�?���¯��¥M�§�â���g�ZÂË�¨�q�Z���?�k· Õ�¥M���\��Z�
ÃÙ�����|�§�|���g��Âq��g²f�²#�� ���Ã��\¥M�o�¯����� �ÃÙ�¨�
²f���¤���eÃ��?�\�U¬(¦¿�����M }���g���²Ù���¯������0ág¬q� \�
¢��§����g�Z�±²@�����¯�§�¨�B��? \�,�Z�������������¬Ë�?�g²f�±²
������¥M���\��Z�yÃ��?�\�¨·

1 m

Three stacks have been
omitted for clarity

Test massReaction
mass

Interm
mass

3 mm

Upper
mass

Ï�ÐfÑ'Ò Õ_ÓPã Ø Õ|��Z�*Ã��?�\�}���g�ZÂË�¨�M�
���¯�����¤�q²> \����Ú�����?��Âq��g²f�M���MÃ
���? ��@¶����¤�g²B�@¶��k·�Õ�¥M�0�¨����Þ�
�� \���Z�\�¤���§�@²M ���¢?�����!���f�¨���\�²>�?�
��¥g�X�æ���Þ�X�?�m��¥M�,����Å��±�p�*Ã��������¤�
��¥g�# ��±�?�Ú�\�¯���BÂË�¨�q²f�M���MÃ�·

32281918171297Mode:

Shape:

26.525.719.719.419.217.415.211.1Fr. [kHz]:

32281918171297Mode:

Shape:

26.525.719.719.419.217.415.211.1Fr. [kHz]: Ï�ÐfÑ'Ò Õ�Ó{ä|Ø Öà®�ªe��ÂM \�²f�§�Ú�\�²��?ÃÙÂM�¯�¯ág�±²'ÃÙ�f²f�$�Z¥g�?Âq�±�Ù�¤�g²'��¥M��¯ ��¤ÂgÂM ��£�f��Ã������BÃÙ��?���M \�²
�� ��±Û��g�¨�g�¨¦/�¯���f´yÌ�·�Ü0�M��¦���¥M�#ÃÙ�f²f�±�o���? eÅe¥M�§��¥�Ç�Å��?��ÃÙ����Z�M \�²B�¤ \�#�Z¥M��Åe� ·

��R	K+ONJeM%OQ`�`�|UOQKY�Uk�a�RWSUR	K+cgV_RWMz~Uk+ONSUa¤cÀkY�oRW`WV_KY~U] cgS)c'LN��áWR	K�cgSUMz`	RWS�V+R	KYR	Mßc'K+J'~USUM¯V_|%R«Ä��.H���UKYR	MUON`WV_RWM�]4JeMUR�Z\K+RW£�~UR	SU`WOQRWk	� � |UR�k+��R	`>V_KY~U]bcgS)c'LN��áWR	K�k+OQa'S)c'L.Iicgk�c']4�ULQOf�)R	M�IPONV+|�c�|UOQa�|d�J'LNV�cga�RGc']4�ULQOf�)R	K�¸yà�åÁH�»�t)c'SUM{Z\RWM�V+J<J�SURGJ'ZÅV_|UR�V+|UK+RWR²� �%Ú kv]4R	S�V+OQJ�SURWM�c'moJBd'R'�@æ�RWk+J�SUc'S�VR	S%|)c'SU`WR	]4R	S�V«J'Z�V_|%R!V+R	kYV�]^c'k+k}]4J'V_ONJ�Sm��zV_|UR�MUKYONd�R�kYOQa�S)cgL�`�c'~UkYR	M¥MUON·oR	KYR	S�V_OQc'L�LQRWSUa'V_|`�|)c'S%a�R	k�m�RWV�I6R	RWS¯V_|UR�V�I�JÀOQS�V_RWKYZ\R	KYJ�]4RWV_RWK§cgK+]4k§c'S%MªIicgk^V_|�~Uk^deONk+ONmULQR�c'k§c©��R�c'X¨OQS�V_|UR
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ç ÖfÒUèfÓÀÔËØ �v��?���M \�² ÃÙ�f²f�$�� \�Û��M�¨�q�Þ�����?�g²}é#�Ù���� /�\¥M ���@¡�®oÜ�½?»�»����±�p�Ã���������/�?�g²
�p���¤�g²M�? \²B²f�¨¢(�§���\�¯���!�?Ã����MÄÇ ���� eÃ��±�?���M \�¨ÃÙ�¨���\���?�à�ÙÄ��¯¢��¨�ÃÙ�f²f�¿�?�g²/�\��Z�yÃ��?�\�¨·
�$�¯ \ \�?  �$�f²f� ÖM \�ÛË·y©æ´XÌ±° é ê
�@¶�� ¾ ¼?¼»�½�Æ ¸Aë ¹ Ïiì ¼±»>í Æ³ë Ð?» ì ¼»>î

Î ¼±Ðf¼ Î ¸ Ï ë ½ Ïiì ¼±»>ï Ï ë ¹�» ì ¼»>î
¼£Æ ¼£¾�¸�Ð¤» ¼Wë¯¼±¹ ì ¼±» í ¼Wë Ð?½ ì ¼» î
¼�¾ ¼ Î ¼ Î?Î Ï ë Ï ¹ ì ¼±» ï ¸Aë Æ�Æ ì ¼» î
¼±¹ ¼ Î¤Ï Æ Ï ¸Aë Ï Æ ì ¼±» í ½Aë Ï ½ ì ¼»Wð
¼ Î ¼ Î ½�½�Ð Ï ë ½�¸ ì ¼±» ï ¼Wë Æ Î6ì ¼» ï
Æ?¹ Æ?Ð�¾f¼£¾ Î ë ½�» ì ¼±» ï ¼Wë Î Ð ì ¼» î
¸�Æ Æ¤½ Ï ¾ Î ¼Wë Ï ¹ ì ¼±» ï Ð³ë Ð?¸ ì ¼» î

�@¶�� ¾ ¼?¼»�Ð�¾ ¸Aë Î ½ ì ¼±» ï Ï ë¯¼±½ ì ¼» î
Î ¼±Ðf¼ Î¤Ï ¹Aë ½�¸ ì ¼±» ï Î ë Î Ð ì ¼» î
¼�¾ ¼ Î ¼±¹?¹ Ð³ë ½�» ì ¼±» ï ¼Wë Ð Ï�ì ¼» î
¼±¹ ¼ Î¤Ï Æf¼ ¼Wë ¹g¼ ì ¼±» í Æ³ë ¾f¼ ì ¼»Wð
¼ Î ¼ Î ½(¾(¼ ¾Bë Ï ¼ ì ¼±» ï Æ³ë Æ?¹ ì ¼» î

�GÖà� Î ¼±Ðf¼±¹?¸ ¼Wë ¹(¾ ì ¼±» í ¼Wë Î » ì ¼» ï
c']4�ULQOfV_~UM%R�kY�oRW`WV+K+~U] J'Z�V_|%R¼MUOf·�RWK+R	S�V+O�c'L¦��R	KYK+J�KY�oJ'OQS�V�k+ONa�S)c'L²¸ÃM%~UK+ONSUaÀONS�V+R	K
Z\R	K+J']^R>V_R	K4LQJ�`�Xe»>�H�ZÂV+R	K�V+|UR�Z\K+RW£�~UR	SU`>�9J'Z@c�a�Ofd�RWS9]^J�MURpI�c'kGc'`W`	~UK+cgV_RWLN��X�S%J³IPS�t�R�c'`�|�]4JeMUR²Iic'k�R��e`	ONV+R	M«V+Jc�k+OQa'SUON�)`	c'S�V�k+ONa�S)c'L�V+J�SUJ�OQkYR}K_cgV+OQJ9~UkYOQSUa©c��e�%RWMe��kYOQSUR}kYOQa�S)cgLvcgV�V_|UR}KYR	k+J'S)c'S�V^Z\KYR	£�~URWSU`W�'�Ä�ONS)c'LQLf��t�V_|%R�R��e`	ONV_cgV_ONJ�S{k+ONa�S)c'L�Iicgk�k
IPONV+`�|UR	M�J'·9c'S%M}V+|URGMUR	`	c��{J'Z�V_|UR�KYR	k+J'S)c'SU`WR²��R�c'X4Iicgk]4J�SUONV+J�K+RWM{~Uk+ONSUa4c4kY�oRW`WV+K+~U]×c'SUc'LN��á	RWK	�� |UR²c']4�ULQOfV_~UMUR�K+ONSUa�MUJBIPSUkvZ\J�LNLQJBI�RWM{V_|URGR>�e��J�SURWS�V+O�c'L�M%R	`�c��}LQcBIñ�¸\òY»�óßñ�ô«R>�e�9õvö ò÷¤ø ¸
s³»IP|URWK+R!H<¸\V�»�OQk�V_|%R!V+OQ]4R>�½dgc'K
��OQSUa¤cg]^�ULNONV+~UMUR't�ñ�ô�OQk�V+|UR©ONSUONV+O�c'L�c']4�ULQOfV_~UM%R9c'SUM ÷ OQk{V_|URK+ONSUa�MUJBIPS«V+OQ]4Rp`	J'SUkYV_c'S�V�� � J{MUR>V_R	KY]^ONSUR ÷ t�V_|UR�SUcgV_~UK+c'L�LNJ�a�J'Z@H�¸\V�»PIic'k��%V�IPONV_|«V+|UR�LNOQSURòYù ÷pú LNS�¸\ñ�ô�»�� � |%R�£�~)cgLQONV��^ZÃc'`WV+J�K�û0I�c'kvV_|URWS�`	c'LQ`W~UL�cAV_R	M}~UkYOQSUa<V+|URGK+R	LQcgV_ONJ�Sü ózý¤þBÿ ÷ ¸ C »IP|URWK+Rpþ³ÿ<ONkiV_|UR�Z\K+RW£�~UR	SU`>��J'ZÁV+|UR��oV+|�]4JeM%R'�� |UR�K+RWk+~ULfV_k�J'Z�V+|UR ü ]4R�c'kY~UK+RW]^RWS�V+kGc'K+R<kY|UJBIPS©ONS«V�c'm%LQR�s�c'LNJ�SUa§IPOfV_|9V_|%R<kYV�cgSUM)c'KYMMUR>deOQcgV_ONJ�SGJ'Z�û c']^J'SUavMUON·oR	KYR	S�VÁ]^R	c'k+~UKYR	]4R	S�V_k�J�SGV_|UR�k+c']^R�]4JeM%R6cgSUM²]4OQKYK+J�KW� � |UR@|UOQa�|%R	kYVü JBd�RWK�c'LQL�]4R�c'kY~UK+RW]^RWS�V+k@c'SUM<]4JeMURWk�I�c'k@u � ´gw��4s� ���Z\J�K�]4J�MURPÛ<¸ÃJ'K�V_|UR4¹
mU~%V+V+R	K
�U��º�]4J�MURB»J'Z�Ë«Ì�R'�¯Ë�J�K+R}]4JeM%R	k<I�RWK+R�]^R	c'k+~UKYR	M¨Z\J�K^Ë«Ì�R}V_|)c'SªË«Ì�S moRW`�c'~UkYR�V+|UR�� �eÚ J'Z�Ë«Ì�S�UKYJeMU~%`	R	M«c4ZÃc'`>V_J�K�J'Z.w^LQR	kYk�Z\J�KY`	R�V_|)c'S�V_|)cAV�J'Z�Ë«Ì�R<cgV�V_|URGV_ON]^R�J'ZÁV_|URWk+R�]4R�c'kY~UK+RW]^RWS�V_k	�� |URp� �eÚ moRW|UOQS%M9Ë¼Ä�S��UK+J�MU~U`WR	M«R>d�RWS9LQR	kYk�Z\J'K+`	Rgt�V+|�~Uk�J�S%LN�{]4JeM%R���¸\V+|UR9¹YM%K+~U]4º^]4J�MURB»J'Z�V_|)cAVP]^ONK+K+J'K�Iicgk�M%RWV_RW`WV+R	M��
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������� /B=�=��! �"�#%$'&)(Q=>?p=� |UR�OQS�V_RWK+S)c'L)LNJ�k+k�J'Z�cGV+R	kYV6]^c'k+k�Z\J�K@c�a'ONd�RWS§]4JeM%R�`	c'S§m�R�MUR	kY`	K+ONmoRWM�c'k6c²kY~U]¶J'ZoV_|UR�LQJ�kYk+RWkJ'Z6ONV+k�`	J�]4�oJ'SUR	S�V�]§cAV_R	KYO�c'LNk	t�R	c'`�|!k+`�cgLQR	M!m��9V_|UR�K+cgV_ONJ{J'Z�RWSUR	KYa'��kYV+J�K+RWM©ONS9V_|)cgV�]^cgV_RWK+OQc'LV_J^V_|UR�V_J'V_c'L�c']^J'~US�V�J'Z.RWSUR	KYa'��kYV_J'K+R	M9ONS�V+|UR²V+R	kYV�]§c'kYk�Z\J�KPV_|UcgV�]4JeM%R'��Ä�J'K��G�@�!�� ' 4I6R|)c�d�R ����� ó ��������� � ��������"!$#%!$& � ú ��' &%( � ' &%(��!)#%!$& � ú ��* #+&,!$-�.�/ � * #+&,!$-�.�/�"!$#%!$& � ú ��� #0.�1 � � #0.�1��!)#%!2& � ¸yu�»IP|URWK+R ��������� t ��' &%( t ��* #+&,!)-�.�/ c'SUM ��� #0.�1 c'K+R4V_|UR^LQJ�kYk²ZÃc'`>V_J�KYkpJ'ZvV+|UR§m%~ULQX9Z\~UkYR	M¤k+ONLQON`�c%tÅZ\~Uk+RWMk+ONLQON`�c�R�cgK+k	t)]4OQKYK+J�K�`	J�cgV+OQSUa4c'S%M�kYOQLQON`�cgV+R�m�J�SUMUkWt)K+R	kY�oRW`WV+ONd�RWLN�'tocgSUM � KYR	�UKYR	k+RWS�V_k�V+|URGR	SURWK+a'�kYV+J�K+RWM©ONS�c�a�ONd'R	S!]§cAV_R	KYO�c'L�MU~UKYOQSUa{]4J�M)c'L�J'k+`	ONLQLQcgV_ONJ�S��G��c'`�|!LQJ�kYk�ZÃc'`WV+J�K�]�~ULfV_ON�ULQONR	M¼m��9OfV_kR	S%R	K+ag�«K_cAV_OQJ§`�c'S9m�RpV_|%J�~Ua�|�V�J'Z6c'k�c'S9RW·oR	`>V_ONd'R<LQJ�kYk ��'�3 t�IP|UON`�|«I�J'~ULQM9m�R�V_|URpLQJ�kYk�J'Z�V_|URR	S�V+OQK+R�V+R	k
V²]^c'kYk�OfZ@ONV�I6R	KYR^J�S%LN��LQJ�kYOQSUa{RWSUR	KYa'�9MU~UR<V+J�M%OQk+kYOQ�)cAV_OQJ'S9OQS«V_|UcgVG]§cAV_R	KYO�c'Ly� � |%Rk+~%] J'Z�V+|UR	kYRGRW·oR	`WV+ONd'R²LNJ�k+kYR	kvV_|URWS�a'ONd�RWkvV_|UR�V_JgV�c'L�V+R	k
V�]^c'k+kvLNJ�k+kW�� |UR«ZÃc'K§c'SUMzRWSUMz]^ONK+KYJ�K+k^J'Z²���@���� � �cgK+R«]^c'MUR�J'Z � ~U�UK+c'k+ONLps«m%K_c'SUM¯Z\~%k+R	MkYOQLQON`�c]^c'S�~%ZÃc'`WV+~UK+RWM©m���à�R	K+c'R	~UkGH�]^RWK+k+ONL*t�µ�S%`'����c'`�|À|Uc'kGc{K_c'MUON~Uk�J'Z4�{`	]lc'S%M©c�V+|UOQ`�X�SURWk+kpJgZsB §`W]�� � |%R�mU~ULNX�LNJ�k+k�ZÃc'`WV+J�K�J'Z � ~%�UK_c'kYOQL C t�c§d'R	K
�«k+ON]^ONL�c'KiV�����R<J'Z.Z\~UkYR	M�k+ONLQOQ`	c%t�|)c'k�m�R	RWS]4R�c'kY~UK+RWM¼V_J^moR²c'K+J'~USUM�s � ´5�¨s� �6�7<qØ´gxy��8©RGV�c'XgRpV_|UONk�dgc'LN~UR�c'k�V+|URpLNJ�k+kPZÃc'`>V_J�K�J'Z�V+|UR�V+R	k
V]^c'k+k�mU~ULQX�� Í RW`�c'~UkYRpV_|%RpmU~ULNX}`	J�]4�UK+ONk+RWk�c'LN]^J�k
V�c'LQL�J'Z�V_|UR�V_R	k
V�]^c'k+kPd�J�LN~U]4R't�V_|UR²R	SURWK+a'�K_cAV_OQJGZ\J�K�V_|UR�mU~ULNX�V+R	KY] ONS^RW£�~)cgV_ONJ�S{u�]§c���m�R�c'�U�%K+J��eOQ]^cgV_RWM�c'k6~USUONV��'� � |�~Uk	teV_|UR�RW·oR	`WV+ONd'RLQJ'k+kvJ'Z�V_|URGmU~%LQX�ONkPc'�U�UKYJB�eON]§cgV+R	Lf�§RW£�~Uc'L�V_J<V_|URGLNJ�k+kiZÃc'`>V_J�KW�� I6J<MUON·oR	KYR	S�ViV����oRWkiJ'Z�Z\~UkYR	M{kYOQLQON`�cGR�c'KYkvc'KYR�~UkYR	M{OQS{���@���� � %� � |%R��)K+k
ViV����oR�OQkiu�`	]LQJ'SUaUt�s<`W]n|UOQa'|�c'SUM©¾�]^]×V�c'��R	KYOQSUa�V+J}c'm�J�~%V�s�]^]ÎOQS9M%R	�%V+|�� � |UR�k+RW`	J�S%M!V�����R4ONk�V_|URk_cg]^Rgt@m%~%V�IPONV_|¨c9`WJ�SUkYV_c'S�V4MUR	�%V+| JgZ�¾¼]4]��98ÀR�IPONLQL6`	J�SUkYOQMURWK�V_|UR}kYR	`	J'SUM�V�����R}OQS¤V_|URZ\J�LNLQJBIPOQSUa²V_J�a�ONd'R�c�]4J�KYR�`	J�SUkYR	K
d'cAV_ONd'R²RWkYV+OQ]^cgV_R�J'Z�V_|%R�LNJ�k+kP`WJ�S�V_K+ONmU~%V+OQJ�S{J'ZÁV_|URGR	c'K+kW� � |%RLQJ'k+k.ZÃc'`WV+J�K�J'Z�V_|UR�R�c'KYk�k+|UJ�~%LQM4moR�`	J�]4�)c'K+c'mULNR't�mU~%V@kYJ�]^R>IP|)cgV@|UONa�|UR	K.V+|)c'S�V_|)cgV@J'ZoV_|URPmU~%LQXm�R	`�cg~Uk+R�V_|UR>��c'KYR��%K+J�MU~U`	RWM§Z\K+J'][c�LNJ³I6R	K6a�K_cgMUR�JgZ�Z\~UkYR	M{k+ONLQON`�c%� � |UR�LNJ�k+k�ZÃc'`>V_J�K�J'Z�V+|UR�R	c'K+kIPOQLNL�m�R�Z\~UKYV+|UR	K�ONSU`	KYR�c'kYR	M�m��9k+~%KYZÃc'`WR4LNJ�k+kYR	k�MU~%R�V_J{V_|UR<LQc'K+a'R	K�kY~UKYZÃc'`WR<V_J�d�J'LQ~U]4R�K_cAV_OQJ{JgZV_|%R�R	c'K+k�¸y�e� Û�»�t�IP|UR	S^`	J�]4�)c'KYR	M�V_JGV_|)cgV@J'Z�V_|%R�mU~%LQX}¸Ã %�¿w C »>�;:�RWd'R	K
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