
���������
	�� ���� ������� �
��� ��������� �"!#�$��%'& ��(*)+�,�����.-
��/102�����
3�46587 9�:8;=<�>@?BA"CEDF;�GIH�:@JLKNMOJP:Q>8>8C,RS:@GTH$M
UWVSXZY\[^]Q_`YaX�bc_edSfeXZ]QVSgihTXcjN_kVlXmfQX�Y\[n_koagqpS]eVlo\rtsuXc_vhIX�X�pN]eoawxrSYaXyVz[^fQwxg^pSo\b{w�g^_koagqp[^pljmw�g^_eo\gqp{oap ['bco\febcY\X}|�_eVz[n_~o\]c�Sw�g^_koagqp{o\pm['rSY�[npSX^�
�������O�����u���i���q�u�����������������E���n�y�����}�� ¢¡
£¤X�¥�pSgih¦_eVz[n_§[xb�gqw�rz[^b¨_�pSg^_k[n_koagqp ©ªgqf}jSX�]Qb�feoasSo\pl«ywxgn_ko\g^p¬o\p _vhTg{jSoawxXcpS]eoagqpS] [xrSY\[^pSXi®6X.¯loa]Q_e]��uo\p _eVSX§©ªgqfew°g^©2b�gqw�rSY\X.¯Zp�dSw�suX�fQ]��W£�X±b�[^p feXcY�[n_eX1_eVSo\]W_kg�_kVSXrSfQgqsSYaX�w²gn©,w�g^_koagqp{o\pm['b�oafebcY\X�]eoawxrlYa³�_kVSfQgqdS«qVZjSX±´ gqo¶µ�feX^·¸]~_kVSXcgqfeXcw ¹

º�»½¼T¾ bcgq]F¿~À�Á�]Qo\p�¿OÂ
]Qg�_eVz[n_WhIX±wx[�³Ãh~feo¶_kX�gqdlf�bcgOg^fejSoapz[n_kXc]Wo\p{_kVlX1rlY�[^pSX�oapy_kVSX�©ªgqfQw²Ä�À�ÁÆÅu¹

Ä�À�ÁÇÅ ¾ È bcgq] �É�ÊeË ÀNÌÍ®¢À�Á È ]Qo\p �É�ÊkË ÀNÌÍ®¾ È�º�»\Î¸Ï�ÐÒÑ¶ÓSÔ�Õ@Ö
×1�ÙØ}��Ú�o\«qp�bcgqp�µqX�p�_eo\gqpÛ|�]egqw�X'rÜXcgqrSYaX`h~fQoa_eX ºnÝ »ÙÏ�ÐÆÑ ��[^pSjÛXcpS«qo\plX�X�fQ]±dl]eX ºiÞ�ß Ï�ÐÇÑ |sSdO_�_kVSXx]eoa«qp�jSg�X�]�plg^_'wx[n_e_eX�f1sÜXcb�[^dS]QXZ[^Y\Y�_kVS[n_�wx[n_e_eX�fQ]ào\]1_kVSXÃrSfegâáQXcbc_eo\gqp�gn©_eVSo\]Wgqp�_eg�g^pSX§g^©�_eVSX1[â¯OX�]c�IãÒ©�hTX§_ä[n¥^X�_kVSX�Ä#[â¯Oo\]�[^]~sÜX¨©ªgqfeXn�lhIX±Vz[�µ^X

Ä ªË ® ¾åÈ b�gq] �É�ÊeË ÀNÌÍ® ¾åæ�º§ç½È�º�»\Î¸Ï�ÐvÑ¶ÓSÔ�Õ�è
[^]WsuXc©ªg^feX^��×�g^_kX$_eVz[n_ È h6[n]WfeX�[nY�o\py_eVSX�b�gq]kén]eoap{©ªgqfew�dlY�[n_eo\gqp���[^plj{o\]WfeX�[^YÍoapy_kVSXbcgqwxrlY\X¨¯{X¨¯OrÜg^pSX�p�_ko\[^Y¢©ªgqfew=_kg�gS�TãÒ_�o\]~]eoawxrlYa³y_eVSXà[nwxrSYaoa_edSjSX�g^©�_kVSX1gq]ebco\YaY�[n_eo\gqp��ãÒ©�hIX#Y\oa¥^XmhTX#b�[^pêbcgqw�sSoapSX _eVSX#[^w�rSYaoa_kdljSX¬[npSjêrSVz[n]eX#oapl©ªgqfewx[n_eo\gqp�o\p�_eg�gqpSXbcgqpS]Q_k[^p�_��zs�³ZjSX¨ëzpSo\pl« ì ¾åÈ�º�»½Ô�Ö£íV�³�sug^_kVSXcf}h~oa_eVÛb�gqw�rSY\X.¯#plg^_ä[n_eo\gqpÍ�Ü_kVlX�pFîïÚOo\w�rSY¶³ suX�b�[^dS]QX�bcgqw�rSY\X.¯#X.¯�|rugqpSXcp�_eo�[^Ya]W[^fQX1]QgxX�[^]Q³Ã_kg�wÃ[^plo\rSdSY\[n_kXn�,ãI¥�plg�h§�S©ªg^f�X.¯l[^wxrlY\X^�O_kVz[n_

ç½º�»ÙÏiÐÒÑ\èäð~¾ïº ð »ÙÏ�ÐÒÑ ÂsSdO_�ã�hIgqdSY\jmVz[�µqX§_kfQgqdSsSYaX�o\p{hIgqfe¥�o\pl«�g^dl_~h~Vz[n_
ñ b�gq] �É�ÊeË ®@ò ð
U�ó�|äô



hIgqdSYajmsuX§o\p{_kXcfew�]Wg^©2wàdSYa_eo\rSYaX$[^pS«^Y\X�]Iõy[^b¨_kdz[nY\Ya³xoa_�·ö]
ô÷ QÇø À�ù�b�g^]  ó É,Ê8Ë ®PÀ�b�g^]  ù É,ÊQË ®e® Ö

£íVz[n_$o\]$w�gqfeXn�Üh~VSXcp�hTX'bcgqwxX±_kgyjSo¶úÍXcfeXcp�_eo�[n_eX�X¨¯OrSfQX�]Q]eo\g^pS]§jSX�]Qb�feoasSo\pl«Ã_kVSXsuX�Vz[�µ�o\g^dSf�g^©6g^]eb�oaY\Y\[n_kgqfQ]��Ü]eo\w�rSYaoaëzb�[n_koagqpS]}g�b�bcdSf���ûzgqf�X.¯S[nwxrSYaX^��_eVSX�µ^X�YagObcoa_v³#gn©[^pàgq]ebco\Y\Y\[n_kg^f  _kVlXTjSXcfeoaµn[n_eoaµ^XIh~oa_eVàfQX�]eruX�b¨_2_kg�_ko\w�X�g^©Foa_e]�jlo\]erlY�[^bcX�w�X�p�_.®Pb�gqp�_ä[no\pS]X.¯S[nbc_kY¶³y_kVlX1]e[^w�X�b�gqw�rSY\X.¯{X.¯lrugqpSXcp�_ko�[nYP[^]W_kVSX§jSoa]erSY\[^b�XcwxXcp�_�¹
Å ªË ® ¾ïÈ�º�»öÏnÑüÅ ªË ® ¾ Á É È�º�»öÏnÑ

[^pljý]Qg{_kVSX�_eo\w�X¨|Òµn[^f8³�o\pS«Ã_eX�fQw º »ÙÏâÑ b�[^pýsÜX�©�[nbc_kg^feX�jÛgqdO_§g^©þX¨¯OrSfeXc]e]Qo\gqpS]§h~VSoabäVYao\pS¥�jSo\]QrSY�[nb�X�w�X�p�_�[^pljmµ^X�Y\g�b�o¶_v³q�EãÒ©�hTX§dS]QX1_efeo\«^gqpSgqw�Xc_efeo\b�©ªgqfew�]
ÿ ªË ® ¾*È b�gq]  É�Ë ®üÿ ªË ® ¾ � É È ]Qo\p  É�Ë ®

_eVSo\]Woa]WpSgxYagqpS«qXcfT_kVlX1b�[^]eXn�ãä·¸Y\YF_kfQ³`_eg�]eVSgih§�z[â_Tµn[^feoagqdS]IrÜgqoap�_k]ToapÃ_kVlX}b�g^dSfe]QX^�lh~VSXcfeX$_eVSX$wx[n_kVS]þo\]IsÜXco\pS«wx[^jSX�X�[^]eoaX�fWs�³ZdS]eoapS«'_kVSX§bcgqwxrlY\X¨¯yX¨¯OrugqpSX�p�_eo�[^Y¢pSgn_ä[n_eo\gqp��� p�³`rSV�³O]Qo\b�[^Y���dz[^p�_ko¶_v³q��VSgihTX¨µqXcf��loa]EfeX�[^YÆ��[^plj�oa]Egqsl_k[^o\pSXcj'©ªfegqw _kVSX~b�g^wxrSYaX¨¯©ªgqfew=s�³{_k[^¥�o\pS«'_eVSX���X�[^Y�rz[^f8_
3�465Ò4 ��HTRl?�DzJ	�$C�H�
þ?¦G�Z?�H$?�D�
��������������������
£¤X ]e[�h o\p�_kVSX rSfeX¨µOoagqdS]`_kgqrlo\bZ_kVz[n_�o¶©}hIX _ä[n¥^X#[np gq]Qb�o\YaY�[n_egqfà_eVSX�pêXcpSX�fQ«^³�o\]X.¯lbäVS[^pS«qXcj¤suXc_vhIX�Xcp�¥�o\pSX¨_koab'[^pSjÛrug^_kXcp�_eo�[^Y�©ªgqfew�]��§£¤X^·¸Y\Y,YagOg^¥¬[n_}_kVSoa]�[^«�[^oap#o\p_eVSX§b�gqw�rSY\X.¯{p�dSw�suX�f~fQX�rSfQX�]eXcp�_ä[n_eo\gqp��� gqpS]Qo\jSXcfþ[1ruX�pSjldSY\dSwm��Y\XcpS«^_eV! v��h~oa_eVx[§sugqsxgn©Íwx[^]e]�"²[^pSjx[1wx[^]e]QY\Xc]e]�feg�j��UWVSX�X#��dz[n_eo\gqpÃg^©¢w�g^_koagqp`o\]���feXc]egqY¶µ�o\pS«1©ªgqfebcX�]6[npSj{[^bcb�X�YaX�fe[n_koagqpS]þo\px_eVSX}jlo\feXcbc_eo\gqpruX�fQrÜXcpSjSo\bcdSY�[nf6_kg'_kVSX§]8_kfeoapS«S�

� "%$I]eoap�¿ ¾ " È'&�Ö
×�g�h È'&Z¾  j)(.¿'*nj Ë (i�S[^pSjÃoa©�_eVSX�[^pS«^Y\X�g^©P]Qh~oapS«�o\]I]ewx[^Y\Yz_eVSX$[^pl«qY\X�g^©�_kVlX$feg�jÃ_kg_eVSX�µqX�f8_koab�[^YÇ�z¿O�zgqsuXc³�] "+ j�(.¿j Ë ( À,"%$O¿ ¾�-

U�ó�|8ó



gqf j)(ä¿j Ë ( À É(Ê ¿ ¾.-
h~VSXcfeX É (Ê ¾ $  Ö£¤X§wÃ[�³Ã_eVSX�fQXc©ªgqfQX�h~feoa_eX

¿ ªË ® ¾ �~X ç ¿ Ê º »\Î¸Ï�ÐÒÑ¶ÓSÔcÕ è Ö�~X�w�X�w�suX�f6_eVz[n_�¿ Ê o\]WfeX�[^YÆ�l]eg
¿ ªË ® ¾ ¿ Ê �~X ç º »\Î¸Ï�ÐÒÑ¶ÓSÔcÕ è Ö

£íVSXcpýhIX�«qXc_1w�gqfeX�dl]eX�jý_kgZdS]Qo\pS«Z_kVSoa]�pSg^_k[n_koagqp��ÍhIXxwx[�³#jSfQgqrÛ_kVSX/�~X ñ òÆ�PsSdl_©ªgqf6_eVSX§wxg^wxXcp�_ThTX1¥^XcX�r¬o¶_~X¨¯OrSYao\b�o¶_��£íVz[n_�oa]6_kVSX1[^pS«^dSY�[^fIµqX�YagObcoa_v³lî
jz¿j Ë ¾ ¿ Ê �~X ç Á É�Ê º�»aÎöÏ�ÐÒÑ¶ÓSÔcÕ è Ö

É�Ê o\]~feX�[^YÆ�O]eg
jS¿j Ë ¾ ¿ ÊeÉ,Ê ��X ç Á º�»\Î¸Ï Ð Ñ¶ÓSÔ�Õ�è

¾ � ¿ ÊkÉ�Ê ]eoap  É�ÊeË À ÌÍ® Ö
UWVSoa]}oa]�áQdS]8_$h~Vz[n_$hIXàhIgqdSYaj#Vz[�µqX'«qgn_$s�³¬dl]eo\pl«yb�gq]Qo\pSX±©ªgqfewm�Ügn©Eb�gqdlfe]eXn�§×�g^_eX^�h~VSXcp�hTX{YagOg^¥�sz[^bä¥�[â_à_kVlXyb�gqw�rSYaX¨¯ý©ªgqfewm��_eVz[n_±_kVSXybäVS[^pS«qXÃ©ªfQgqw b�gq]à_eg#]eoap��h~VSoabäVxoap'_kX�fQwx]�g^©u_kVlX�rlVz[^]eg^fþoa]�feX�rlfeX�]QX�p�_kXcjys�³�[�feg^_k[n_koagqp�_kVSfQgqdS«qV10 - jSXc«qfeXcX�]��oa]�feXcrSfeXc]eX�p�_eX�j s�³�Á�|�h~VSoabäV�oa]'[^]àhIXZX¨¯OruX�bc_��T[n]�w�dSY¶_ko\rlYa³�o\pS« [#p�dSw�suX�f's�³�ÁfQg^_ä[n_eX�]Wo¶_6s�³+0 - jSXc«qfeXcX�]~o\py_eVSX�b�g^wxrSYaX¨¯ÃrSY�[npSX^�,£¤X�]k[�³y_eVz[n_6_eVSX$µqXcY\g�b�o¶_v³yo\]32546#7�8:9<;=8<>?7@;BA h~oa_eV{_kVSX§rugq]eo¶_ko\g^p�¹2]eXcX1û,o\«qdlfeX�U�óO�¶ôq�
���P���DC�EGF1�����@Hê�i�������#�����z�þ���S�i���`�JI}�q�u�����ª���t�����â���
×�g�h=Y\X¨_'dS]`[^]Q¥�[^sugqdl_à_kVSX{XcpSX�fQ«^³tg^©~_kVlo\]�]8³O]8_kXcw � � g^pS]eoajSX�f�_eVSX{¥�o\pSX¨_ko\bÃX�pO|Xcfe«^³mëzfe]8_��1UWVSX�µqXcY\g�b�o¶_v³¬g^©�_eVSX�ruX�pSjSdlY\dSw+sÜgqs�oa]� BK ¼K Ñ ]eg{_eVSX�¥�o\pSX¨_koab�X�pSXcfe«^³¬o\]

U�ó�| ø



Displacement, velocity and acceleration 
in simple harmonic motion

a sin ω t. φ( ).

t

Displacement

a ω. cos ω t. φ( ).

t

Velocity

1

1

a ω
2. sin ω t. φ( ).

100 t

Acceleration

Displacement lags behind velocity by π/2 radians, and 
lags behind acceleration by π radians. 

The phase constant φ has been taken to be zero.
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