
� ���������
	���
���� ����� �������������
� �"!�#%$'&)(+*-,/.102.3&).346587:9-;27=<)*6$=;2&/9>*-;?*-,/.1(/$=@A.34B.3&C*6$'5D7E.GFH</58*6$=;2&/9

I-J !LKMONQPMRN�STMVU�WCXZY ;29\[ ST]B^
I-J_J !O`DaHb b8cedDafbTced8a U ` X 9B$'&:[g` MA^ih

jk�"!�# ;24l*-,/.?965Dm?.n()$=@A.34-.G&C*6$"587o.GFf< 58*6$=;2&/9p5D9q$=&�Ff</.G9B*-$';2&srDtvu &/(�*6,/.?9-;27=<)*6$=;2&/9w*6,/58*x9-58*6$=9By{z2t
4-.39B|A. Y *-$=}2.G7=zDt~*-,/.1$'&/$�*6$'5D7 Y ;2&/(/$�*6$=;2&/9
I-J ! M+U�N d�5D&/( PM+U�N r1��,/.3& ]�U�X��
I-J_J !Ra U�N r S2� r��x58&/(�afb U�X ��,/.G& M+U�X)�

�k�"!+��,/.lmn;D*-$';2&R;Dy�5�mn5D9-9���9-|)4-$'&)0�9BzH9B*-.3mQ$'9�02;�}D.34-&).3(��CzV*-,/.p�1�w�
KM c W�PM c�r�` MVU�WCXZY ;D9\[g` ]B^ih

#%$'&/(V*-,/.l5Dmn|)7'$=*-</(/.�;8yv*-,/.wy�;24 Y .3(�;29 Y $'7'7'58*6$=;2&/9 �
���"!�#%$'&)(+*-,/.w*64-5D&/9-$=.3&C*�9-;27=<)*6$=;2&/9
;8yv*-,/.wy�;27'7=;���$=&/0��w�w�Z9

[g$ ^ a b b cLa b cLa U��3� [�$'$ ^ KM c M+U r
[g$'$=$ ^ KM c M+U�]�� [�$=} ^ KM c M+U�Y ;29�[ ]B^ � , 5D4B(/.34 �

¡k�"!�#%$'0 � rO9-,/;���9�5�(/$"5802465Dm?mn58*6$ Y 9-¢8.G* Y ,�;Dy>*6,/.nmn. Y , 5D&/$ Y 5D7o9 Y 5D7'.G9p��,/$ Y ,£*6,/.n|A;D9B*x;8¤ Y .
</9-.G9
*6;q�¥.3$=02,O| 5D4 Y .G7'9 � ��,).¦�>.G$'02,C*>;Dy:*6,/.¦| 5D4 Y .37 Y ;2m?|/4-.G9-9B.39>*-,/.�9-|)4-$'&)0�5D&/(V587'7';���9o$=*-9
�>.G$'02,C*>*-;x�§.¦4-.35D(O;D@+*-,/.�9 Y 5D7'.¨;2&n*-,/.�4B$'02,C* �v© � 58(/7=z?�§.3, 5\}2.G( Y </9 *6;2m?.34>mn$=02,C*o*-,/4-;��
*6,/.¨| 5D4 Y .37~;2&C*6;l*6,/.�$'&)$=*6$'5D7'7�zl</&/7';25D(/.3(n9 Y 5D7'.G9 ��ª yk*-,/.34B.¨�>5D9>&);q( 5Dm?|/$=&/01$'&�*6,/.�9BzH9B*-.3m�t
*6,/.x|/5D4 Y .37v�¥;2</7=(�*6,).3&�y�;24B.G}2.G4w;29 Y $'7=7"58*-.l<)|«5D&/(«(/;���&�5D&)(«$=*��>;2<)7'(��§.x$'m?|§;29-9B$'�/7=.1*-;
(/.G*-.34-m?$'&).�$=*69v�>.G$'02,C* � ��,/.34B.Gy�;24B.DtC*6,/.�$=(/.\587)(/.G9-$'0D&?;8y§*-,/.�9 Y 5D7'.G9Z$'& Y ;24-|§;24-58*6.G9�5�( 5Dm?|A.G4
��,/$ Y ,s$=9w¬B<)9B*n9B*64B;2&/0�.3&/;2<)02,�*6;�9-</|)|/4-.G9-9O;29 Y $=7'7"5T*6$';D&/9qy�;24�*6,/.�mR5�­)$=mx</m®�¥.3$=02,C*ny�;D4
��,/$ Y ,s*-,/.�9 Y 5D7=.39O, 5\}D.��A.G.3&¯(/.G9-$=02&/.3( ��© 9B9-</m?$'&)0£*6, 5T*n*-,/.�9 Y 5D7'.G9O5D4B.�9B</|/|§;29-.G(�*-;
�>;24B¢Oy�;24�| 5D4 Y .G7'9�;DyvmR5D9B9�°²±�³ 5D&/(�02$=}D.3&V*6,/58*�*6,/.19-|)4-$'&)0 Y ;2&/9 *´5D&C*¨$'9�µ�t (/.G*-.34-m?$'&).
*6,/.?mn$=&/$'mq</m¶}85D7=</.�;Dy>*-,/.n(/5Dmn|)$'&/0 Y ;D&/9B*65D&C*�·���,/$ Y ,¸.G&/9-<)4-.39l*6, 5T*q;29 Y $=7'7"5T*6$';D&/9�5D4B.
9-</|/|)4-.39B9-.G(«$'&O*6,).l.G&C*6$'4B.1;2|A.G4658*-$';2&/5D7E4-5D&/02.1;Dy¹*6,/.19 Y 5D7=.39 �

damping constant k

1
2
3
4
5

spring constant c

parcel of mass m
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