
Winter 2022 - Dan Calderone

Dynamics Examples
Dynamics & Modeling
Major sources:

Major sources:



Example: Two Blocks Free Body Diagrams

Block 1

Kinematics

Dynamics:
<latexit sha1_base64="CXyspah+qlUUfPhmhiNSUkgAc9A=">AAACDHicbVDLSsNAFJ34rPVVdelmsAh1UxIRdSMU3bisYB/QhDKZTNuhM5mQuZGWkA9w46+4caGIWz/AnX/jtM1CWw8MHM499869x48E12Db39bS8srq2npho7i5tb2zW9rbb2qVxJQ1qBIqbvtEM8FD1gAOgrWjmBHpC9byhzeTeuuBxZqr8B7GEfMk6Ye8xykBI3VLZVcnErvARpBWesoM1SdZd4SvsFGDQEE6yozLrtpT4EXi5KSMctS7pS83UDSRLAQqiNYdx47AS0kMnAqWFd1Es4jQIemzjqEhkUx76fSYDB8bJcBmFfNCwFP1d0dKpNZj6RunJDDQ87WJ+F+tk0Dv0kt5GCXAQjr7qJcIDApPksEBjxkFMTaE0JibXTEdkJhQMPkVTQjO/MmLpHladc6rzt1ZuXadx1FAh+gIVZCDLlAN3aI6aiCKHtEzekVv1pP1Yr1bHzPrkpX3HKA/sD5/AEsPmyQ=</latexit>X

(forces)x = mẍ

Block 1: <latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2

<latexit sha1_base64="Jl6U/80Y4OCqS/GzNhOvULJrz64=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh3Hf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVa9W9e4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD5y42Z</latexit>

k1
<latexit sha1_base64="rTF8T6tLw0pLZekIMTPHaz3r8sM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK1hbaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjLdYIhPdCajhUijeQoGSd1LNaRxI3g5GN1O//cS1EYl6wHHK/ZgOlIgEo2il+7Dv9as1t+7OQJaJV5AaFGj2q1+9MGFZzBUySY3pem6Kfk41Cib5pNLLDE8pG9EB71qqaMyNn89OnZATq4QkSrQthWSm/p7IaWzMOA5sZ0xxaBa9qfif180wuvJzodIMuWLzRVEmCSZk+jcJheYM5dgSyrSwtxI2pJoytOlUbAje4svL5PGs7l3UvbvzWuO6iKMMR3AMp+DBJTTgFprQAgYDeIZXeHOk8+K8Ox/z1pJTzBzCHzifP+8hjZI=</latexit>

d1

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="Pq8Y5lpI1WrAkKy2RY8QNCh0YLU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPBbY10</latexit>

F1

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="MeeW59RNc5n/WcyFwX2ZwPWPS9A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MO7X+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH7T42a</latexit>

k2
<latexit sha1_base64="WVTk2Sa48NbWsCa+TxUceyC/rvA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWw2m3bpZhN2J0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTjDdZIhPdCajhUijeRIGSd1LNaRxI3g5GtzO//cS1EYl6xHHK/ZgOlIgEo2ilh7Bf65crbtWdg6wSLycVyNHol796YcKymCtkkhrT9dwU/QnVKJjk01IvMzylbEQHvGupojE3/mR+6pScWSUkUaJtKSRz9ffEhMbGjOPAdsYUh2bZm4n/ed0Mo2t/IlSaIVdssSjKJMGEzP4modCcoRxbQpkW9lbChlRThjadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwDO8wpsjnRfn3flYtBacfOYY/sD5/AHwpY2T</latexit>

d2

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="l5q9WZht3sUz+jWYFI33L+hwNxs=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD7Jf65crXtWbA68SPycVyNHol796g5imkilLBTGm63uJDTKiLaeCTUu91LCE0DEZsq6jikhmgmx+6hSfOWWAo1i7UhbP1d8TGZHGTGToOiWxI7PszcT/vG5qo+sg4ypJLVN0sShKBbYxnv2NB1wzasXEEUI1d7diOiKaUOvSKbkQ/OWXV0mrVvUvq/79RaV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwD+W42c</latexit>m2

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2
<latexit sha1_base64="skeX6jq2/J2zA/jYJKe14f0nR54=">AAACAXicbZDLSgMxFIbPeK31NupGcBMsggspMyLqsujGZQV7gXYYMmnahmYuJGfEMtSNr+LGhSJufQt3vo1pOwtt/SHw8Z9zkpw/SKTQ6Djf1sLi0vLKamGtuL6xubVt7+zWdZwqxmsslrFqBlRzKSJeQ4GSNxPFaRhI3ggG1+N6454rLeLoDocJ90Lai0RXMIrG8u39B989Ie1OjCSnHH275JSdicg8uDmUIFfVt7/MLSwNeYRMUq1brpOgl1GFgkk+KrZTzRPKBrTHWwYjGnLtZZMNRuTIOB3SjZU5EZKJ+3sio6HWwzAwnSHFvp6tjc3/aq0Uu5deJqIkRR6x6UPdVBKMyTgO0hGKM5RDA5QpYf5KWJ8qytCEVjQhuLMrz0P9tOyel93bs1LlKo+jAAdwCMfgwgVU4AaqUAMGj/AMr/BmPVkv1rv1MW1dsPKZPfgj6/MH2liVOw==</latexit>

x1, ẋ1, ẍ1

Block 2
<latexit sha1_base64="QTvPlFewujsBhR+uv1nPt/0Uqxg=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYBBdSZoqoy6IblxXsBdphyKSZNjSTGZIzYhnqxldx40IRt76FO9/GtJ2Ftv4Q+PjPOUnOHySCa3Ccb6uwtLyyulZcL21sbm3v2Lt7TR2nirIGjUWs2gHRTHDJGsBBsHaiGIkCwVrB8HpSb90zpXks72CUMC8ifclDTgkYy7cPHvzqKe72YsA55ejbZafiTIUXwc2hjHLVffvL3ELTiEmggmjdcZ0EvIwo4FSwcambapYQOiR91jEoScS0l003GONj4/RwGCtzJOCp+3siI5HWoygwnRGBgZ6vTcz/ap0Uwksv4zJJgUk6eyhMBYYYT+LAPa4YBTEyQKji5q+YDogiFExoJROCO7/yIjSrFfe84t6elWtXeRxFdIiO0Aly0QWqoRtURw1E0SN6Rq/ozXqyXqx362PWWrDymX30R9bnD98ElT4=</latexit>

x2, ẋ2, ẍ2

Block 2:

<latexit sha1_base64="gg+k6q/IR8MO+fu7vkgKoI5Bb1E="></latexit>

F1 � kx1 + k2(x2 � x1)� d1ẋ� d2(ẋ2 � ẋ1) = m1ẍ1

<latexit sha1_base64="LoIpVShVDMU5jgVp19vn0pCFXtg=">AAACLXicbZBbS8MwGIbTeZrzVPXSm+AQJuJoh6g3wlARLye4A2ylpGm2haUHklQ2yv6QN/4VEbyYiLf+DdOuA938IOHhffMl+V4nZFRIw5houaXlldW1/HphY3Nre0ff3WuIIOKY1HHAAt5ykCCM+qQuqWSkFXKCPIeRpjO4SfzmE+GCBv6jHIXE8lDPp12KkVSSrd/e2RV4CgdqLw1THNrmMTyBbqJ03EDGw3Gqz1i5V9BTUsedubZeNMpGWnARzAyKIKuarb+p23DkEV9ihoRom0YorRhxSTEj40InEiREeIB6pK3QRx4RVpxOO4ZHSnFhN+Bq+RKm6u+OGHlCjDxHnfSQ7It5LxH/89qR7F5aMfXDSBIfTx/qRgzKACbRQZdygiUbKUCYU/VXiPuIIyxVwAUVgjk/8iI0KmXzvGw+nBWr11kceXAADkEJmOACVME9qIE6wOAZvIIJ+NBetHftU/uaHs1pWc8++FPa9w+wfqOw</latexit>

F2 � k2(x2 � x1) + d2(ẋ2 � ẋ1) = m2ẍ2

State Space Model.  Linearization

<latexit sha1_base64="tB57BLHfUrGusF2gU47HGFmWGYY=">AAAB+XicbVDJSgNBEK1xjXEb9eilMQgRJMyIqBch6MVjBLNAMoSeTk/SpGehuyYkDPkTLx4U8eqfePNv7CwHTXxQ8Hivqrvq+YkUGh3n21pZXVvf2Mxt5bd3dvf27YPDmo5TxXiVxTJWDZ9qLkXEqyhQ8kaiOA19yet+/37i1wdcaRFHTzhKuBfSbiQCwSgaqW3brU6M2XBMbklQHJ6nZ2274JScKcgyceekAHNU2vaXeYKlIY+QSap103US9DKqUDDJx/lWqnlCWZ92edPQiIZce9l08zE5NUqHBLEyFSGZqr8nMhpqPQp90xlS7OlFbyL+5zVTDG68TERJijxis4+CVBKMySQG0hGKM5QjQyhTwuxKWI8qytCElTchuIsnL5PaRcm9KrmPl4Xy3TyOHBzDCRTBhWsowwNUoAoMBvAMr/BmZdaL9W59zFpXrPnMEfyB9fkDJwOSsQ==</latexit>

ẋ = f(x, u)

<latexit sha1_base64="4gzyUjSywmw8iYp4PpN2TrLFkkM=">AAACQHicbVA5T8MwGHXKVcoVYGSxqEBMVVIhYKxgYSwSPaSmqhz3S2vVcSLbQVRRfhoLP4GNmYUBhFiZcA9BaXmSpaf3vsvPjzlT2nGerdzS8srqWn69sLG5tb1j7+7VVZRICjUa8Ug2faKAMwE1zTSHZiyBhD6Hhj+4GvmNO5CKReJWD2Noh6QnWMAo0Ubq2A3Phx4TqR8SLdl9hgsOPsYO9rxf4gWS0NTN0rDjZrPujFHOCh6I7s+cjl10Ss4YeJG4U1JEU1Q79pPXjWgSgtCUE6VarhPrdkqkZpSDmZ4oiAkdkB60DBUkBNVOxwFk+MgoXRxE0jyh8Vid7UhJqNQw9E2lua+v5r2R+J/XSnRw0U6ZiBMNgk4WBQnHOsKjNHGXSaCaDw0hVDJzK6Z9YlLRJvOCCcGd//IiqZdL7lnJvTktVi6nceTRATpEJ8hF56iCrlEV1RBFD+gFvaF369F6tT6sz0lpzpr27KM/sL6+AXF+q6g=</latexit>2

664

0 0
0 0
1

m1
0

0 1
m2

3

775

<latexit sha1_base64="yKYd9zaRmKRuhoRLv7LoARQjRjw=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlYQrZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fAM+tZoG</latexit>

@f

@x
=

<latexit sha1_base64="xSBhYHGIrVdLU0Sy2+p0sV6uu2w=">AAACCXicbZDLSsNAFIZP6q3WW9Slm8EiuCqJiLoRim5cVrAXaEOZTCft0MkkzEyEErJ146u4caGIW9/AnW/jpA2orT8MfPznnJk5vx9zprTjfFmlpeWV1bXyemVjc2t7x97da6kokYQ2ScQj2fGxopwJ2tRMc9qJJcWhz2nbH1/n9fY9lYpF4k5PYuqFeChYwAjWxurbqBdITNJejKVmmKMg++EkQ5eob1edmjMVWgS3gCoUavTtz94gIklIhSYcK9V1nVh7aX4n4TSr9BJFY0zGeEi7BgUOqfLS6SYZOjLOAAWRNEdoNHV/T6Q4VGoS+qYzxHqk5mu5+V+tm+jgwkuZiBNNBZk9FCQc6QjlsaABk5RoPjGAiWTmr4iMsIlGm/AqJgR3fuVFaJ3U3LOae3tarV8VcZThAA7hGFw4hzrcQAOaQOABnuAFXq1H69l6s95nrSWrmNmHP7I+vgE6HZoD</latexit>

@f

@u
=

<latexit sha1_base64="R8j7Rh4IqYorXGSMH8hFoHp+Avs="></latexit>2

664

0 0 1 0
0 0 0 1
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k2
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d2
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3

775

<latexit sha1_base64="EiE4/x1zgOrq5FEIYt0JFMb70q4=">AAACK3icbVDLTgIxFO3gC/GFunTTSExckRli1CXBjUtM5JEwZNLpXKCh05m0HQOZ8D9u/BUXuvARt/6HBUaj4E2ae3rOve29x485U9q236zcyura+kZ+s7C1vbO7V9w/aKookRQaNOKRbPtEAWcCGpppDu1YAgl9Di1/eDXVW3cgFYvErR7H0A1JX7Aeo0QbyivWXB/6TKR+SLRkowkeeQ52XZMq0+QGkU5Hkzn3fTEKiOCnxSuW7LI9C7wMnAyUUBZ1r/hkXqJJCEJTTpTqOHasuymRmlEOk4KbKIgJHZI+dAwUJATVTWe7TvCJYQLci6Q5QuMZ+7sjJaFS49A3lWa+gVrUpuR/WifRvctuykScaBB0/lEv4VhHeGocDpgEqvnYAEIlM7NiOiCSUG3sLRgTnMWVl0GzUnbOy87NWalay+zIoyN0jE6Rgy5QFV2jOmogiu7RI3pBr9aD9Wy9Wx/z0pyV9RyiP2F9fgEI6qeX</latexit>2
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<latexit sha1_base64="POsHS9Zg9Flblio8CSeZo/1APCc=">AAACOXicbVBLSwMxEM76rPW16tFLsAieym4R9Vj04rGCfUC3LNl02oZms0uSlZZl/5YX/4U3wYsHRbz6B0wfVNs6EPjm+2YyM18Qc6a047xYK6tr6xubua389s7u3r59cFhTUSIpVGnEI9kIiALOBFQ10xwasQQSBhzqQf9mpNcfQCoWiXs9jKEVkq5gHUaJNpRvV7wAukykQUi0ZIMMe+1Ip4PMd7HnzZLSJJmXfjUQ7dkHvl1wis448DJwp6CAplHx7WczhSYhCE05UarpOrFupURqRjlkeS9REBPaJ11oGihICKqVji/P8Klh2rgTSfOExmP2b0dKQqWGYWAqzX49taiNyP+0ZqI7V62UiTjRIOhkUCfhWEd4ZCNuMwlU86EBhEpmdsW0RySh2pidNya4iycvg1qp6F4U3bvzQvl6akcOHaMTdIZcdInK6BZVUBVR9Ihe0Tv6sJ6sN+vT+pqUrljTniM0F9b3D88ariE=</latexit>2
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<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=
<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+
<latexit sha1_base64="4gzyUjSywmw8iYp4PpN2TrLFkkM=">AAACQHicbVA5T8MwGHXKVcoVYGSxqEBMVVIhYKxgYSwSPaSmqhz3S2vVcSLbQVRRfhoLP4GNmYUBhFiZcA9BaXmSpaf3vsvPjzlT2nGerdzS8srqWn69sLG5tb1j7+7VVZRICjUa8Ug2faKAMwE1zTSHZiyBhD6Hhj+4GvmNO5CKReJWD2Noh6QnWMAo0Ubq2A3Phx4TqR8SLdl9hgsOPsYO9rxf4gWS0NTN0rDjZrPujFHOCh6I7s+cjl10Ss4YeJG4U1JEU1Q79pPXjWgSgtCUE6VarhPrdkqkZpSDmZ4oiAkdkB60DBUkBNVOxwFk+MgoXRxE0jyh8Vid7UhJqNQw9E2lua+v5r2R+J/XSnRw0U6ZiBMNgk4WBQnHOsKjNHGXSaCaDw0hVDJzK6Z9YlLRJvOCCcGd//IiqZdL7lnJvTktVi6nceTRATpEJ8hF56iCrlEV1RBFD+gFvaF369F6tT6sz0lpzpr27KM/sL6+AXF+q6g=</latexit>2
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<latexit sha1_base64="QkeONdIE7ianSsQwzRyHnbX0e3A=">AAACE3icbVBNS8NAEN3Urxq/qh69LBZBPJSkiHosCsVjBfsBTQmb7bRdutmE3Y1YQv+DF/+KFw+KePXizX/jtg2irQ8GHu/NMDMviDlT2nG+rNzS8srqWn7d3tjc2t4p7O41VJRICnUa8Ui2AqKAMwF1zTSHViyBhAGHZjC8mvjNO5CKReJWj2LohKQvWI9Roo3kF068APpMpEFItGT3Y2xXfRd7Hq76ZWx7ILo/ll8oOiVnCrxI3IwUUYaaX/j0uhFNQhCacqJU23Vi3UmJ1IxyGNteoiAmdEj60DZUkBBUJ53+NMZHRuniXiRNCY2n6u+JlIRKjcLAdJr7Bmrem4j/ee1E9y46KRNxokHQ2aJewrGO8CQg3GUSqOYjQwiVzNyK6YBIQrWJ0TYhuPMvL5JGueSeldyb02LlMosjjw7QITpGLjpHFXSNaqiOKHpAT+gFvVqP1rP1Zr3PWnNWNrOP/sD6+AY4tJ0g</latexit>
F1

F2

�

<latexit sha1_base64="Pq8Y5lpI1WrAkKy2RY8QNCh0YLU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPBbY10</latexit>

F1

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="/rZAd4lc2G6FCQIDhVAWkVLUlxw=">AAAB/3icbVDLSgMxFL1TX7W+RgU3boJFqAvLTBF1IxQFcVnBPqAdhkyaaUMzD5KMtIxd+CtuXCji1t9w59+YtrPQ6oF7OZxzL7k5XsyZVJb1ZeQWFpeWV/KrhbX1jc0tc3unIaNEEFonEY9Ey8OSchbSumKK01YsKA48Tpve4GriN++pkCwK79Qopk6AeyHzGcFKS665d+2mA7cyvtCtNHQr6BgNXfvINYtW2ZoC/SV2RoqQoeaan51uRJKAhopwLGXbtmLlpFgoRjgdFzqJpDEmA9yjbU1DHFDppNP7x+hQK13kR0JXqNBU/bmR4kDKUeDpyQCrvpz3JuJ/XjtR/rmTsjBOFA3J7CE/4UhFaBIG6jJBieIjTTARTN+KSB8LTJSOrKBDsOe//Jc0KmX7tGzfnhSrl1kcediHAyiBDWdQhRuoQR0IPMATvMCr8Wg8G2/G+2w0Z2Q7u/ALxsc3DJWULg==</latexit>

Fk2 = k2(x2 � x1)
<latexit sha1_base64="59P3Xqa0/IQN/2gVvk8rkEHi5SU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0y5JN0zY2myxJVixL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJYIb6/vfXmFldW19o7hZ2tre2d0r7x80jUo1ZQ2qhNLtiBgmuGQNy61g7UQzEkeCtaLRzdRvPTJtuJL3dpywICYDyfucEuuk5ijETyEOyxW/6s+AlgnOSQVy1MPyV7enaBozaakgxnSwn9ggI9pyKtik1E0NSwgdkQHrOCpJzEyQza6doBOn9FBfaVfSopn6eyIjsTHjOHKdMbFDs+hNxf+8Tmr7V0HGZZJaJul8UT8VyCo0fR31uGbUirEjhGrubkV0SDSh1gVUciHgxZeXSfOsii+q+O68UrvO4yjCERzDKWC4hBrcQh0aQOEBnuEV3jzlvXjv3se8teDlM4fwB97nD/0Hjr8=</latexit>

k1x1
<latexit sha1_base64="Z7gKJTPt9jmMOeI76gjFSuR0yCU=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqkxE1GXRjcsKthbaYchkMm1o5kFyRyylv+HGhSJu/Rl3/o1pOwttPRA4nHMP9+YEmZIGXffbKa2srq1vlDcrW9s7u3vV/YO2SXPNRYunKtWdgBmhZCJaKFGJTqYFiwMlHoLhzdR/eBTayDS5x1EmvJj1ExlJztBKvdCnpBemSJ586ldrbt2dgSwTWpAaFGj61S8b5XksEuSKGdOlbobemGmUXIlJpZcbkTE+ZH3RtTRhsTDeeHbzhJxYJSRRqu1LkMzU34kxi40ZxYGdjBkOzKI3Ff/zujlGV95YJlmOIuHzRVGuCKZkWgAJpRYc1cgSxrW0txI+YJpxtDVVbAl08cvLpH1Wpxd1endea1wXdZThCI7hFChcQgNuoQkt4JDBM7zCm5M7L8678zEfLTlF5hD+wPn8AbwxkNc=</latexit>

d1ẋ1
<latexit sha1_base64="3hEhl1tX+kNSTO8t0C8XHA5tNiY=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksQl1YkiLqsujGZQV7gTaEyWTSDp1cmJmIJRQ3voobF4q49Snc+TZO2yy09YeBj/+cw5nzewlnUlnWt1FYWl5ZXSuulzY2t7Z3zN29loxTQWiTxDwWHQ9LyllEm4opTjuJoDj0OG17w+tJvX1PhWRxdKdGCXVC3I9YwAhW2nLNA9+toUrPjxV60HSKcrRPXLNsVa2p0CLYOZQhV8M1v/QsSUMaKcKxlF3bSpSTYaEY4XRc6qWSJpgMcZ92NUY4pNLJpieM0bF2fBTEQr9Ioan7eyLDoZSj0NOdIVYDOV+bmP/VuqkKLp2MRUmqaERmi4KUIxWjSR7IZ4ISxUcaMBFM/xWRARaYKJ1aSYdgz5+8CK1a1T6v2rdn5fpVHkcRDuEIKmDDBdThBhrQBAKP8Ayv8GY8GS/Gu/Exay0Y+cw+/JHx+QO565UV</latexit>

d2(ẋ2 � ẋ1)

<latexit sha1_base64="/rZAd4lc2G6FCQIDhVAWkVLUlxw=">AAAB/3icbVDLSgMxFL1TX7W+RgU3boJFqAvLTBF1IxQFcVnBPqAdhkyaaUMzD5KMtIxd+CtuXCji1t9w59+YtrPQ6oF7OZxzL7k5XsyZVJb1ZeQWFpeWV/KrhbX1jc0tc3unIaNEEFonEY9Ey8OSchbSumKK01YsKA48Tpve4GriN++pkCwK79Qopk6AeyHzGcFKS665d+2mA7cyvtCtNHQr6BgNXfvINYtW2ZoC/SV2RoqQoeaan51uRJKAhopwLGXbtmLlpFgoRjgdFzqJpDEmA9yjbU1DHFDppNP7x+hQK13kR0JXqNBU/bmR4kDKUeDpyQCrvpz3JuJ/XjtR/rmTsjBOFA3J7CE/4UhFaBIG6jJBieIjTTARTN+KSB8LTJSOrKBDsOe//Jc0KmX7tGzfnhSrl1kcediHAyiBDWdQhRuoQR0IPMATvMCr8Wg8G2/G+2w0Z2Q7u/ALxsc3DJWULg==</latexit>

Fk2 = k2(x2 � x1)

<latexit sha1_base64="3hEhl1tX+kNSTO8t0C8XHA5tNiY=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksQl1YkiLqsujGZQV7gTaEyWTSDp1cmJmIJRQ3voobF4q49Snc+TZO2yy09YeBj/+cw5nzewlnUlnWt1FYWl5ZXSuulzY2t7Z3zN29loxTQWiTxDwWHQ9LyllEm4opTjuJoDj0OG17w+tJvX1PhWRxdKdGCXVC3I9YwAhW2nLNA9+toUrPjxV60HSKcrRPXLNsVa2p0CLYOZQhV8M1v/QsSUMaKcKxlF3bSpSTYaEY4XRc6qWSJpgMcZ92NUY4pNLJpieM0bF2fBTEQr9Ioan7eyLDoZSj0NOdIVYDOV+bmP/VuqkKLp2MRUmqaERmi4KUIxWjSR7IZ4ISxUcaMBFM/xWRARaYKJ1aSYdgz5+8CK1a1T6v2rdn5fpVHkcRDuEIKmDDBdThBhrQBAKP8Ayv8GY8GS/Gu/Exay0Y+cw+/JHx+QO565UV</latexit>

d2(ẋ2 � ẋ1)

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2
<latexit sha1_base64="PTi5Db8rfkZTze8AwNFpHEedC2o=">AAAB7XicbVBNS8NAEJ3Urxq/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3btbjbsboQS+h+8eFDEq//Hm//GTZuDtj4YeLw3w8y8MOFMG8/7dkpr6xubW+Vtd2d3b/+gcnjU1jJVhLaI5FJ1Q6wpZzFtGWY47SaKYhFy2gknt7nfeaJKMxk/mGlCA4FHMYsYwcZKbTGou647qFS9mjcHWiV+QapQoDmofPWHkqSCxoZwrHXP9xITZFgZRjiduf1U0wSTCR7RnqUxFlQH2fzaGTqzyhBFUtmKDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjcZIaGpPFoijlyEiUv46GTFFi+NQSTBSztyIyxgoTYwPKQ/CXX14l7XrNv6z59xfVxk0RRxlO4BTOwYcraMAdNKEFBB7hGV7hzZHOi/PufCxaS04xcwx/4Hz+AJ24jdg=</latexit>m2

<latexit sha1_base64="KTcTtUnmZcm/a2cj2dg6AHoG/wY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUP++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSvKh4VxWvflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPdoWMtw==</latexit>�

C<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+
<latexit sha1_base64="JdQ4cPcaoZdSumoHX8bv++Abr/o=">AAACFnicbVDLSgMxFM34rPVVdekmWISKtMwUUZdFQVxWsA9oy5DJZNrQTGZIMtIy9Cvc+CtuXCjiVtz5N94+Ftp64SbnnnMvyT1eLLg2tv1tLS2vrK6tZzaym1vbO7u5vf26jhJFWY1GIlJNj2gmuGQ1w41gzVgxEnqCNbz+9VhvPDCleSTvzTBmnZB0JQ84JQYoN1e8cR1cxH04B5CngMqFgVsGDuoTuHyg235kxrWby9slexJ4ETgzkEezqLq5LxilScikoYJo3XLs2HRSogyngo2y7USzmNA+6bIWQElCpjvpZK0RPgbGx0GkIKXBE/b3REpCrYehB50hMT09r43J/7RWYoLLTsplnBgm6fShIBHYRHjsEfa5YtSIIQBCFYe/YtojilADTmbBBGd+5UVQL5ec85Jzd5avXM3syKBDdIQKyEEXqIJuURXVEEWP6Bm9ojfryXqx3q2PaeuSNZs5QH/C+vwBFHmaWw==</latexit>

F1 � k1x1 + k2(x2 � x1)� d1ẋ1

<latexit sha1_base64="KTcTtUnmZcm/a2cj2dg6AHoG/wY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUP++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSvKh4VxWvflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPdoWMtw==</latexit>� C
<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+

<latexit sha1_base64="KTcTtUnmZcm/a2cj2dg6AHoG/wY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUP++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSvKh4VxWvflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPdoWMtw==</latexit>�

<latexit sha1_base64="R8j7Rh4IqYorXGSMH8hFoHp+Avs="></latexit>2

664

0 0 1 0
0 0 0 1

�k1�k2
m1

k2
m1

�d1+d2
m1

�d2
m1

k2
m2

�k2
m2

�d2
m1

d2
m2

3

775<latexit sha1_base64="KTcTtUnmZcm/a2cj2dg6AHoG/wY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUP++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSvKh4VxWvflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPdoWMtw==</latexit>� C
<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+

<latexit sha1_base64="KTcTtUnmZcm/a2cj2dg6AHoG/wY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUP++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSvKh4VxWvflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPdoWMtw==</latexit>�C
<latexit sha1_base64="ALqLyhmDW2arKz1BuA0uekf07Iw=">AAAB+nicbVDLSsNAFL3xWesr1aWbYBEEoSRF1GXRjcsK9gFtCJPJpB06MwkzE6XEfoobF4q49Uvc+TdO2yy09cC9HM65l7lzwpRRpV3321pZXVvf2Cxtlbd3dvf27cpBWyWZxKSFE5bIbogUYVSQlqaakW4qCeIhI51wdDP1Ow9EKpqIez1Oic/RQNCYYqSNFNiVvo4lwvlZFNQnOTctsKtuzZ3BWSZeQapQoBnYX/0owRknQmOGlOp5bqr9HElNMSOTcj9TJEV4hAakZ6hAnCg/n50+cU6MEjlxIk0J7czU3xs54kqNeWgmOdJDtehNxf+8XqbjKz+nIs00EXj+UJwxRyfONAcnopJgzcaGICypudXBQ2Si0CatsgnBW/zyMmnXa95Fzbs7rzauizhKcATHcAoeXEIDbqEJLcDwCM/wCm/Wk/VivVsf89EVq9g5hD+wPn8A/5GT1Q==</latexit>

+d2
m2

C
<latexit sha1_base64="ALqLyhmDW2arKz1BuA0uekf07Iw=">AAAB+nicbVDLSsNAFL3xWesr1aWbYBEEoSRF1GXRjcsK9gFtCJPJpB06MwkzE6XEfoobF4q49Uvc+TdO2yy09cC9HM65l7lzwpRRpV3321pZXVvf2Cxtlbd3dvf27cpBWyWZxKSFE5bIbogUYVSQlqaakW4qCeIhI51wdDP1Ow9EKpqIez1Oic/RQNCYYqSNFNiVvo4lwvlZFNQnOTctsKtuzZ3BWSZeQapQoBnYX/0owRknQmOGlOp5bqr9HElNMSOTcj9TJEV4hAakZ6hAnCg/n50+cU6MEjlxIk0J7czU3xs54kqNeWgmOdJDtehNxf+8XqbjKz+nIs00EXj+UJwxRyfONAcnopJgzcaGICypudXBQ2Si0CatsgnBW/zyMmnXa95Fzbs7rzauizhKcATHcAoeXEIDbqEJLcDwCM/wCm/Wk/VivVsf89EVq9g5hD+wPn8A/5GT1Q==</latexit>

+d2
m2



Example: Two Blocks Free Body Diagrams

Block 1

Kinematics

Dynamics:
<latexit sha1_base64="CXyspah+qlUUfPhmhiNSUkgAc9A=">AAACDHicbVDLSsNAFJ34rPVVdelmsAh1UxIRdSMU3bisYB/QhDKZTNuhM5mQuZGWkA9w46+4caGIWz/AnX/jtM1CWw8MHM499869x48E12Db39bS8srq2npho7i5tb2zW9rbb2qVxJQ1qBIqbvtEM8FD1gAOgrWjmBHpC9byhzeTeuuBxZqr8B7GEfMk6Ye8xykBI3VLZVcnErvARpBWesoM1SdZd4SvsFGDQEE6yozLrtpT4EXi5KSMctS7pS83UDSRLAQqiNYdx47AS0kMnAqWFd1Es4jQIemzjqEhkUx76fSYDB8bJcBmFfNCwFP1d0dKpNZj6RunJDDQ87WJ+F+tk0Dv0kt5GCXAQjr7qJcIDApPksEBjxkFMTaE0JibXTEdkJhQMPkVTQjO/MmLpHladc6rzt1ZuXadx1FAh+gIVZCDLlAN3aI6aiCKHtEzekVv1pP1Yr1bHzPrkpX3HKA/sD5/AEsPmyQ=</latexit>X

(forces)x = mẍ

Block 1: <latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2

<latexit sha1_base64="Jl6U/80Y4OCqS/GzNhOvULJrz64=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh3Hf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVa9W9e4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD5y42Z</latexit>

k1
<latexit sha1_base64="rTF8T6tLw0pLZekIMTPHaz3r8sM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK1hbaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjLdYIhPdCajhUijeQoGSd1LNaRxI3g5GN1O//cS1EYl6wHHK/ZgOlIgEo2il+7Dv9as1t+7OQJaJV5AaFGj2q1+9MGFZzBUySY3pem6Kfk41Cib5pNLLDE8pG9EB71qqaMyNn89OnZATq4QkSrQthWSm/p7IaWzMOA5sZ0xxaBa9qfif180wuvJzodIMuWLzRVEmCSZk+jcJheYM5dgSyrSwtxI2pJoytOlUbAje4svL5PGs7l3UvbvzWuO6iKMMR3AMp+DBJTTgFprQAgYDeIZXeHOk8+K8Ox/z1pJTzBzCHzifP+8hjZI=</latexit>

d1

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="Pq8Y5lpI1WrAkKy2RY8QNCh0YLU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPBbY10</latexit>

F1

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="MeeW59RNc5n/WcyFwX2ZwPWPS9A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MO7X+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH7T42a</latexit>

k2
<latexit sha1_base64="WVTk2Sa48NbWsCa+TxUceyC/rvA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWw2m3bpZhN2J0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTjDdZIhPdCajhUijeRIGSd1LNaRxI3g5GtzO//cS1EYl6xHHK/ZgOlIgEo2ilh7Bf65crbtWdg6wSLycVyNHol796YcKymCtkkhrT9dwU/QnVKJjk01IvMzylbEQHvGupojE3/mR+6pScWSUkUaJtKSRz9ffEhMbGjOPAdsYUh2bZm4n/ed0Mo2t/IlSaIVdssSjKJMGEzP4modCcoRxbQpkW9lbChlRThjadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwDO8wpsjnRfn3flYtBacfOYY/sD5/AHwpY2T</latexit>

d2

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="l5q9WZht3sUz+jWYFI33L+hwNxs=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD7Jf65crXtWbA68SPycVyNHol796g5imkilLBTGm63uJDTKiLaeCTUu91LCE0DEZsq6jikhmgmx+6hSfOWWAo1i7UhbP1d8TGZHGTGToOiWxI7PszcT/vG5qo+sg4ypJLVN0sShKBbYxnv2NB1wzasXEEUI1d7diOiKaUOvSKbkQ/OWXV0mrVvUvq/79RaV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwD+W42c</latexit>m2

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2
<latexit sha1_base64="skeX6jq2/J2zA/jYJKe14f0nR54=">AAACAXicbZDLSgMxFIbPeK31NupGcBMsggspMyLqsujGZQV7gXYYMmnahmYuJGfEMtSNr+LGhSJufQt3vo1pOwtt/SHw8Z9zkpw/SKTQ6Djf1sLi0vLKamGtuL6xubVt7+zWdZwqxmsslrFqBlRzKSJeQ4GSNxPFaRhI3ggG1+N6454rLeLoDocJ90Lai0RXMIrG8u39B989Ie1OjCSnHH275JSdicg8uDmUIFfVt7/MLSwNeYRMUq1brpOgl1GFgkk+KrZTzRPKBrTHWwYjGnLtZZMNRuTIOB3SjZU5EZKJ+3sio6HWwzAwnSHFvp6tjc3/aq0Uu5deJqIkRR6x6UPdVBKMyTgO0hGKM5RDA5QpYf5KWJ8qytCEVjQhuLMrz0P9tOyel93bs1LlKo+jAAdwCMfgwgVU4AaqUAMGj/AMr/BmPVkv1rv1MW1dsPKZPfgj6/MH2liVOw==</latexit>

x1, ẋ1, ẍ1

Block 2
<latexit sha1_base64="QTvPlFewujsBhR+uv1nPt/0Uqxg=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYBBdSZoqoy6IblxXsBdphyKSZNjSTGZIzYhnqxldx40IRt76FO9/GtJ2Ftv4Q+PjPOUnOHySCa3Ccb6uwtLyyulZcL21sbm3v2Lt7TR2nirIGjUWs2gHRTHDJGsBBsHaiGIkCwVrB8HpSb90zpXks72CUMC8ifclDTgkYy7cPHvzqKe72YsA55ejbZafiTIUXwc2hjHLVffvL3ELTiEmggmjdcZ0EvIwo4FSwcambapYQOiR91jEoScS0l003GONj4/RwGCtzJOCp+3siI5HWoygwnRGBgZ6vTcz/ap0Uwksv4zJJgUk6eyhMBYYYT+LAPa4YBTEyQKji5q+YDogiFExoJROCO7/yIjSrFfe84t6elWtXeRxFdIiO0Aly0QWqoRtURw1E0SN6Rq/ozXqyXqx362PWWrDymX30R9bnD98ElT4=</latexit>

x2, ẋ2, ẍ2

Block 2:

<latexit sha1_base64="gg+k6q/IR8MO+fu7vkgKoI5Bb1E="></latexit>

F1 � kx1 + k2(x2 � x1)� d1ẋ� d2(ẋ2 � ẋ1) = m1ẍ1

<latexit sha1_base64="LoIpVShVDMU5jgVp19vn0pCFXtg=">AAACLXicbZBbS8MwGIbTeZrzVPXSm+AQJuJoh6g3wlARLye4A2ylpGm2haUHklQ2yv6QN/4VEbyYiLf+DdOuA938IOHhffMl+V4nZFRIw5houaXlldW1/HphY3Nre0ff3WuIIOKY1HHAAt5ykCCM+qQuqWSkFXKCPIeRpjO4SfzmE+GCBv6jHIXE8lDPp12KkVSSrd/e2RV4CgdqLw1THNrmMTyBbqJ03EDGw3Gqz1i5V9BTUsedubZeNMpGWnARzAyKIKuarb+p23DkEV9ihoRom0YorRhxSTEj40InEiREeIB6pK3QRx4RVpxOO4ZHSnFhN+Bq+RKm6u+OGHlCjDxHnfSQ7It5LxH/89qR7F5aMfXDSBIfTx/qRgzKACbRQZdygiUbKUCYU/VXiPuIIyxVwAUVgjk/8iI0KmXzvGw+nBWr11kceXAADkEJmOACVME9qIE6wOAZvIIJ+NBetHftU/uaHs1pWc8++FPa9w+wfqOw</latexit>

F2 � k2(x2 � x1) + d2(ẋ2 � ẋ1) = m2ẍ2

State Space Model.  Linearization

<latexit sha1_base64="tB57BLHfUrGusF2gU47HGFmWGYY=">AAAB+XicbVDJSgNBEK1xjXEb9eilMQgRJMyIqBch6MVjBLNAMoSeTk/SpGehuyYkDPkTLx4U8eqfePNv7CwHTXxQ8Hivqrvq+YkUGh3n21pZXVvf2Mxt5bd3dvf27YPDmo5TxXiVxTJWDZ9qLkXEqyhQ8kaiOA19yet+/37i1wdcaRFHTzhKuBfSbiQCwSgaqW3brU6M2XBMbklQHJ6nZ2274JScKcgyceekAHNU2vaXeYKlIY+QSap103US9DKqUDDJx/lWqnlCWZ92edPQiIZce9l08zE5NUqHBLEyFSGZqr8nMhpqPQp90xlS7OlFbyL+5zVTDG68TERJijxis4+CVBKMySQG0hGKM5QjQyhTwuxKWI8qytCElTchuIsnL5PaRcm9KrmPl4Xy3TyOHBzDCRTBhWsowwNUoAoMBvAMr/BmZdaL9W59zFpXrPnMEfyB9fkDJwOSsQ==</latexit>

ẋ = f(x, u)

<latexit sha1_base64="4gzyUjSywmw8iYp4PpN2TrLFkkM=">AAACQHicbVA5T8MwGHXKVcoVYGSxqEBMVVIhYKxgYSwSPaSmqhz3S2vVcSLbQVRRfhoLP4GNmYUBhFiZcA9BaXmSpaf3vsvPjzlT2nGerdzS8srqWn69sLG5tb1j7+7VVZRICjUa8Ug2faKAMwE1zTSHZiyBhD6Hhj+4GvmNO5CKReJWD2Noh6QnWMAo0Ubq2A3Phx4TqR8SLdl9hgsOPsYO9rxf4gWS0NTN0rDjZrPujFHOCh6I7s+cjl10Ss4YeJG4U1JEU1Q79pPXjWgSgtCUE6VarhPrdkqkZpSDmZ4oiAkdkB60DBUkBNVOxwFk+MgoXRxE0jyh8Vid7UhJqNQw9E2lua+v5r2R+J/XSnRw0U6ZiBMNgk4WBQnHOsKjNHGXSaCaDw0hVDJzK6Z9YlLRJvOCCcGd//IiqZdL7lnJvTktVi6nceTRATpEJ8hF56iCrlEV1RBFD+gFvaF369F6tT6sz0lpzpr27KM/sL6+AXF+q6g=</latexit>2
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0 0
0 0
1

m1
0

0 1
m2
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<latexit sha1_base64="yKYd9zaRmKRuhoRLv7LoARQjRjw=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlYQrZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fAM+tZoG</latexit>

@f

@x
=

<latexit sha1_base64="xSBhYHGIrVdLU0Sy2+p0sV6uu2w=">AAACCXicbZDLSsNAFIZP6q3WW9Slm8EiuCqJiLoRim5cVrAXaEOZTCft0MkkzEyEErJ146u4caGIW9/AnW/jpA2orT8MfPznnJk5vx9zprTjfFmlpeWV1bXyemVjc2t7x97da6kokYQ2ScQj2fGxopwJ2tRMc9qJJcWhz2nbH1/n9fY9lYpF4k5PYuqFeChYwAjWxurbqBdITNJejKVmmKMg++EkQ5eob1edmjMVWgS3gCoUavTtz94gIklIhSYcK9V1nVh7aX4n4TSr9BJFY0zGeEi7BgUOqfLS6SYZOjLOAAWRNEdoNHV/T6Q4VGoS+qYzxHqk5mu5+V+tm+jgwkuZiBNNBZk9FCQc6QjlsaABk5RoPjGAiWTmr4iMsIlGm/AqJgR3fuVFaJ3U3LOae3tarV8VcZThAA7hGFw4hzrcQAOaQOABnuAFXq1H69l6s95nrSWrmNmHP7I+vgE6HZoD</latexit>

@f

@u
=

<latexit sha1_base64="R8j7Rh4IqYorXGSMH8hFoHp+Avs="></latexit>2
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<latexit sha1_base64="EiE4/x1zgOrq5FEIYt0JFMb70q4=">AAACK3icbVDLTgIxFO3gC/GFunTTSExckRli1CXBjUtM5JEwZNLpXKCh05m0HQOZ8D9u/BUXuvARt/6HBUaj4E2ae3rOve29x485U9q236zcyura+kZ+s7C1vbO7V9w/aKookRQaNOKRbPtEAWcCGpppDu1YAgl9Di1/eDXVW3cgFYvErR7H0A1JX7Aeo0QbyivWXB/6TKR+SLRkowkeeQ52XZMq0+QGkU5Hkzn3fTEKiOCnxSuW7LI9C7wMnAyUUBZ1r/hkXqJJCEJTTpTqOHasuymRmlEOk4KbKIgJHZI+dAwUJATVTWe7TvCJYQLci6Q5QuMZ+7sjJaFS49A3lWa+gVrUpuR/WifRvctuykScaBB0/lEv4VhHeGocDpgEqvnYAEIlM7NiOiCSUG3sLRgTnMWVl0GzUnbOy87NWalay+zIoyN0jE6Rgy5QFV2jOmogiu7RI3pBr9aD9Wy9Wx/z0pyV9RyiP2F9fgEI6qeX</latexit>2

664

x1

x2

ẋ1

ẋ2

3
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<latexit sha1_base64="POsHS9Zg9Flblio8CSeZo/1APCc=">AAACOXicbVBLSwMxEM76rPW16tFLsAieym4R9Vj04rGCfUC3LNl02oZms0uSlZZl/5YX/4U3wYsHRbz6B0wfVNs6EPjm+2YyM18Qc6a047xYK6tr6xubua389s7u3r59cFhTUSIpVGnEI9kIiALOBFQ10xwasQQSBhzqQf9mpNcfQCoWiXs9jKEVkq5gHUaJNpRvV7wAukykQUi0ZIMMe+1Ip4PMd7HnzZLSJJmXfjUQ7dkHvl1wis448DJwp6CAplHx7WczhSYhCE05UarpOrFupURqRjlkeS9REBPaJ11oGihICKqVji/P8Klh2rgTSfOExmP2b0dKQqWGYWAqzX49taiNyP+0ZqI7V62UiTjRIOhkUCfhWEd4ZCNuMwlU86EBhEpmdsW0RySh2pidNya4iycvg1qp6F4U3bvzQvl6akcOHaMTdIZcdInK6BZVUBVR9Ihe0Tv6sJ6sN+vT+pqUrljTniM0F9b3D88ariE=</latexit>2

664

ẋ1

ẋ2

ẍ1

ẍ2

3
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<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=
<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+
<latexit sha1_base64="4gzyUjSywmw8iYp4PpN2TrLFkkM=">AAACQHicbVA5T8MwGHXKVcoVYGSxqEBMVVIhYKxgYSwSPaSmqhz3S2vVcSLbQVRRfhoLP4GNmYUBhFiZcA9BaXmSpaf3vsvPjzlT2nGerdzS8srqWn69sLG5tb1j7+7VVZRICjUa8Ug2faKAMwE1zTSHZiyBhD6Hhj+4GvmNO5CKReJWD2Noh6QnWMAo0Ubq2A3Phx4TqR8SLdl9hgsOPsYO9rxf4gWS0NTN0rDjZrPujFHOCh6I7s+cjl10Ss4YeJG4U1JEU1Q79pPXjWgSgtCUE6VarhPrdkqkZpSDmZ4oiAkdkB60DBUkBNVOxwFk+MgoXRxE0jyh8Vid7UhJqNQw9E2lua+v5r2R+J/XSnRw0U6ZiBMNgk4WBQnHOsKjNHGXSaCaDw0hVDJzK6Z9YlLRJvOCCcGd//IiqZdL7lnJvTktVi6nceTRATpEJ8hF56iCrlEV1RBFD+gFvaF369F6tT6sz0lpzpr27KM/sL6+AXF+q6g=</latexit>2
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<latexit sha1_base64="QkeONdIE7ianSsQwzRyHnbX0e3A=">AAACE3icbVBNS8NAEN3Urxq/qh69LBZBPJSkiHosCsVjBfsBTQmb7bRdutmE3Y1YQv+DF/+KFw+KePXizX/jtg2irQ8GHu/NMDMviDlT2nG+rNzS8srqWn7d3tjc2t4p7O41VJRICnUa8Ui2AqKAMwF1zTSHViyBhAGHZjC8mvjNO5CKReJWj2LohKQvWI9Roo3kF068APpMpEFItGT3Y2xXfRd7Hq76ZWx7ILo/ll8oOiVnCrxI3IwUUYaaX/j0uhFNQhCacqJU23Vi3UmJ1IxyGNteoiAmdEj60DZUkBBUJ53+NMZHRuniXiRNCY2n6u+JlIRKjcLAdJr7Bmrem4j/ee1E9y46KRNxokHQ2aJewrGO8CQg3GUSqOYjQwiVzNyK6YBIQrWJ0TYhuPMvL5JGueSeldyb02LlMosjjw7QITpGLjpHFXSNaqiOKHpAT+gFvVqP1rP1Zr3PWnNWNrOP/sD6+AY4tJ0g</latexit>
F1

F2

�

<latexit sha1_base64="Pq8Y5lpI1WrAkKy2RY8QNCh0YLU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPBbY10</latexit>

F1

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="/rZAd4lc2G6FCQIDhVAWkVLUlxw=">AAAB/3icbVDLSgMxFL1TX7W+RgU3boJFqAvLTBF1IxQFcVnBPqAdhkyaaUMzD5KMtIxd+CtuXCji1t9w59+YtrPQ6oF7OZxzL7k5XsyZVJb1ZeQWFpeWV/KrhbX1jc0tc3unIaNEEFonEY9Ey8OSchbSumKK01YsKA48Tpve4GriN++pkCwK79Qopk6AeyHzGcFKS665d+2mA7cyvtCtNHQr6BgNXfvINYtW2ZoC/SV2RoqQoeaan51uRJKAhopwLGXbtmLlpFgoRjgdFzqJpDEmA9yjbU1DHFDppNP7x+hQK13kR0JXqNBU/bmR4kDKUeDpyQCrvpz3JuJ/XjtR/rmTsjBOFA3J7CE/4UhFaBIG6jJBieIjTTARTN+KSB8LTJSOrKBDsOe//Jc0KmX7tGzfnhSrl1kcediHAyiBDWdQhRuoQR0IPMATvMCr8Wg8G2/G+2w0Z2Q7u/ALxsc3DJWULg==</latexit>

Fk2 = k2(x2 � x1)
<latexit sha1_base64="59P3Xqa0/IQN/2gVvk8rkEHi5SU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0y5JN0zY2myxJVixL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJYIb6/vfXmFldW19o7hZ2tre2d0r7x80jUo1ZQ2qhNLtiBgmuGQNy61g7UQzEkeCtaLRzdRvPTJtuJL3dpywICYDyfucEuuk5ijETyEOyxW/6s+AlgnOSQVy1MPyV7enaBozaakgxnSwn9ggI9pyKtik1E0NSwgdkQHrOCpJzEyQza6doBOn9FBfaVfSopn6eyIjsTHjOHKdMbFDs+hNxf+8Tmr7V0HGZZJaJul8UT8VyCo0fR31uGbUirEjhGrubkV0SDSh1gVUciHgxZeXSfOsii+q+O68UrvO4yjCERzDKWC4hBrcQh0aQOEBnuEV3jzlvXjv3se8teDlM4fwB97nD/0Hjr8=</latexit>

k1x1
<latexit sha1_base64="Z7gKJTPt9jmMOeI76gjFSuR0yCU=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqkxE1GXRjcsKthbaYchkMm1o5kFyRyylv+HGhSJu/Rl3/o1pOwttPRA4nHMP9+YEmZIGXffbKa2srq1vlDcrW9s7u3vV/YO2SXPNRYunKtWdgBmhZCJaKFGJTqYFiwMlHoLhzdR/eBTayDS5x1EmvJj1ExlJztBKvdCnpBemSJ586ldrbt2dgSwTWpAaFGj61S8b5XksEuSKGdOlbobemGmUXIlJpZcbkTE+ZH3RtTRhsTDeeHbzhJxYJSRRqu1LkMzU34kxi40ZxYGdjBkOzKI3Ff/zujlGV95YJlmOIuHzRVGuCKZkWgAJpRYc1cgSxrW0txI+YJpxtDVVbAl08cvLpH1Wpxd1endea1wXdZThCI7hFChcQgNuoQkt4JDBM7zCm5M7L8678zEfLTlF5hD+wPn8AbwxkNc=</latexit>

d1ẋ1
<latexit sha1_base64="3hEhl1tX+kNSTO8t0C8XHA5tNiY=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksQl1YkiLqsujGZQV7gTaEyWTSDp1cmJmIJRQ3voobF4q49Snc+TZO2yy09YeBj/+cw5nzewlnUlnWt1FYWl5ZXSuulzY2t7Z3zN29loxTQWiTxDwWHQ9LyllEm4opTjuJoDj0OG17w+tJvX1PhWRxdKdGCXVC3I9YwAhW2nLNA9+toUrPjxV60HSKcrRPXLNsVa2p0CLYOZQhV8M1v/QsSUMaKcKxlF3bSpSTYaEY4XRc6qWSJpgMcZ92NUY4pNLJpieM0bF2fBTEQr9Ioan7eyLDoZSj0NOdIVYDOV+bmP/VuqkKLp2MRUmqaERmi4KUIxWjSR7IZ4ISxUcaMBFM/xWRARaYKJ1aSYdgz5+8CK1a1T6v2rdn5fpVHkcRDuEIKmDDBdThBhrQBAKP8Ayv8GY8GS/Gu/Exay0Y+cw+/JHx+QO565UV</latexit>

d2(ẋ2 � ẋ1)

<latexit sha1_base64="/rZAd4lc2G6FCQIDhVAWkVLUlxw=">AAAB/3icbVDLSgMxFL1TX7W+RgU3boJFqAvLTBF1IxQFcVnBPqAdhkyaaUMzD5KMtIxd+CtuXCji1t9w59+YtrPQ6oF7OZxzL7k5XsyZVJb1ZeQWFpeWV/KrhbX1jc0tc3unIaNEEFonEY9Ey8OSchbSumKK01YsKA48Tpve4GriN++pkCwK79Qopk6AeyHzGcFKS665d+2mA7cyvtCtNHQr6BgNXfvINYtW2ZoC/SV2RoqQoeaan51uRJKAhopwLGXbtmLlpFgoRjgdFzqJpDEmA9yjbU1DHFDppNP7x+hQK13kR0JXqNBU/bmR4kDKUeDpyQCrvpz3JuJ/XjtR/rmTsjBOFA3J7CE/4UhFaBIG6jJBieIjTTARTN+KSB8LTJSOrKBDsOe//Jc0KmX7tGzfnhSrl1kcediHAyiBDWdQhRuoQR0IPMATvMCr8Wg8G2/G+2w0Z2Q7u/ALxsc3DJWULg==</latexit>

Fk2 = k2(x2 � x1)

<latexit sha1_base64="3hEhl1tX+kNSTO8t0C8XHA5tNiY=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksQl1YkiLqsujGZQV7gTaEyWTSDp1cmJmIJRQ3voobF4q49Snc+TZO2yy09YeBj/+cw5nzewlnUlnWt1FYWl5ZXSuulzY2t7Z3zN29loxTQWiTxDwWHQ9LyllEm4opTjuJoDj0OG17w+tJvX1PhWRxdKdGCXVC3I9YwAhW2nLNA9+toUrPjxV60HSKcrRPXLNsVa2p0CLYOZQhV8M1v/QsSUMaKcKxlF3bSpSTYaEY4XRc6qWSJpgMcZ92NUY4pNLJpieM0bF2fBTEQr9Ioan7eyLDoZSj0NOdIVYDOV+bmP/VuqkKLp2MRUmqaERmi4KUIxWjSR7IZ4ISxUcaMBFM/xWRARaYKJ1aSYdgz5+8CK1a1T6v2rdn5fpVHkcRDuEIKmDDBdThBhrQBAKP8Ayv8GY8GS/Gu/Exay0Y+cw+/JHx+QO565UV</latexit>

d2(ẋ2 � ẋ1)

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2
<latexit sha1_base64="PTi5Db8rfkZTze8AwNFpHEedC2o=">AAAB7XicbVBNS8NAEJ3Urxq/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3btbjbsboQS+h+8eFDEq//Hm//GTZuDtj4YeLw3w8y8MOFMG8/7dkpr6xubW+Vtd2d3b/+gcnjU1jJVhLaI5FJ1Q6wpZzFtGWY47SaKYhFy2gknt7nfeaJKMxk/mGlCA4FHMYsYwcZKbTGou647qFS9mjcHWiV+QapQoDmofPWHkqSCxoZwrHXP9xITZFgZRjiduf1U0wSTCR7RnqUxFlQH2fzaGTqzyhBFUtmKDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjcZIaGpPFoijlyEiUv46GTFFi+NQSTBSztyIyxgoTYwPKQ/CXX14l7XrNv6z59xfVxk0RRxlO4BTOwYcraMAdNKEFBB7hGV7hzZHOi/PufCxaS04xcwx/4Hz+AJ24jdg=</latexit>m2

<latexit sha1_base64="KTcTtUnmZcm/a2cj2dg6AHoG/wY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUP++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSvKh4VxWvflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPdoWMtw==</latexit>�

C<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+
<latexit sha1_base64="JdQ4cPcaoZdSumoHX8bv++Abr/o=">AAACFnicbVDLSgMxFM34rPVVdekmWISKtMwUUZdFQVxWsA9oy5DJZNrQTGZIMtIy9Cvc+CtuXCjiVtz5N94+Ftp64SbnnnMvyT1eLLg2tv1tLS2vrK6tZzaym1vbO7u5vf26jhJFWY1GIlJNj2gmuGQ1w41gzVgxEnqCNbz+9VhvPDCleSTvzTBmnZB0JQ84JQYoN1e8cR1cxH04B5CngMqFgVsGDuoTuHyg235kxrWby9slexJ4ETgzkEezqLq5LxilScikoYJo3XLs2HRSogyngo2y7USzmNA+6bIWQElCpjvpZK0RPgbGx0GkIKXBE/b3REpCrYehB50hMT09r43J/7RWYoLLTsplnBgm6fShIBHYRHjsEfa5YtSIIQBCFYe/YtojilADTmbBBGd+5UVQL5ec85Jzd5avXM3syKBDdIQKyEEXqIJuURXVEEWP6Bm9ojfryXqx3q2PaeuSNZs5QH/C+vwBFHmaWw==</latexit>

F1 � k1x1 + k2(x2 � x1)� d1ẋ1

<latexit sha1_base64="KTcTtUnmZcm/a2cj2dg6AHoG/wY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUP++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSvKh4VxWvflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPdoWMtw==</latexit>� C
<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+

<latexit sha1_base64="KTcTtUnmZcm/a2cj2dg6AHoG/wY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUP++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSvKh4VxWvflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPdoWMtw==</latexit>�

<latexit sha1_base64="R8j7Rh4IqYorXGSMH8hFoHp+Avs="></latexit>2
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775<latexit sha1_base64="KTcTtUnmZcm/a2cj2dg6AHoG/wY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUP++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSvKh4VxWvflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPdoWMtw==</latexit>� C
<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+

<latexit sha1_base64="KTcTtUnmZcm/a2cj2dg6AHoG/wY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUP++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSvKh4VxWvflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPdoWMtw==</latexit>�

Linearization Stability: Case 1Linearization Stability: Case 1
<latexit sha1_base64="Iw/nfGChkdg58eNDuwBPKTOnKv4=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqkyKqBuh6MZlBfuAdhgyaaYNzWTGJFMoQ7/DjQtF3Pox7vwb03YW2nrgXg7n3EtuTpAIro3rfjuFtfWNza3idmlnd2//oHx41NJxqihr0ljEqhMQzQSXrGm4EayTKEaiQLB2MLqb+e0xU5rH8tFMEuZFZCB5yCkxVvJGPkY3aOTXbMd+ueJW3TnQKsE5qUCOhl/+6vVjmkZMGiqI1l3sJsbLiDKcCjYt9VLNEkJHZMC6lkoSMe1l86On6MwqfRTGypY0aK7+3shIpPUkCuxkRMxQL3sz8T+vm5rw2su4TFLDJF08FKYCmRjNEkB9rhg1YmIJoYrbWxEdEkWosTmVbAh4+curpFWr4ssqfrio1G/zOIpwAqdwDhiuoA730IAmUHiCZ3iFN2fsvDjvzsditODkO8fwB87nD8JxkCQ=</latexit>

k1 = k2 = 1
<latexit sha1_base64="jufQcY+k/L0ZdVKCkrrZp3bQFME=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqkyKqBuh6MZlBfuAdhgyaaYNTWbGJFMoQ7/DjQtF3Pox7vwb03YW2nrgXg7n3EtuTpAIro3rfjuFtfWNza3idmlnd2//oHx41NJxqihr0ljEqhMQzQSPWNNwI1gnUYzIQLB2MLqb+e0xU5rH0aOZJMyTZBDxkFNirORJH6MbJP2a7dgvV9yqOwdaJTgnFcjR8MtfvX5MU8kiQwXRuovdxHgZUYZTwaalXqpZQuiIDFjX0ohIpr1sfvQUnVmlj8JY2YoMmqu/NzIitZ7IwE5KYoZ62ZuJ/3nd1ITXXsajJDUsoouHwlQgE6NZAqjPFaNGTCwhVHF7K6JDogg1NqeSDQEvf3mVtGpVfFnFDxeV+m0eRxFO4BTOAcMV1OEeGtAECk/wDK/w5oydF+fd+ViMFpx85xj+wPn8AcilkCg=</latexit>

m1 = m2 = 1
<latexit sha1_base64="MnTcy9I9FSpQBjePBN+jkysnErY=">AAAB+nicbVDLSgMxFL3js9ZXq0s3wSK4KpMi6kYounFZwT6gHYZMJtOGZh4kGaWM/RQ3LhRx65e482/MtLPQ1gPJPZxzL7k5XiK40rb9ba2srq1vbJa2yts7u3v7lepBR8WppKxNYxHLnkcUEzxibc21YL1EMhJ6gnW98U3udx+YVDyO7vUkYU5IhhEPOCXaSG6l6rsYXSHfbZjbrts2diu1vOZAywQXpAYFWm7la+DHNA1ZpKkgSvWxnWgnI1JzKti0PEgVSwgdkyHrGxqRkCknm60+RSdG8VEQS3MijWbq74mMhEpNQs90hkSP1KKXi/95/VQHl07GoyTVLKLzh4JUIB2jPAfkc8moFhNDCJXc7IroiEhCtUmrbELAi19eJp1GHZ/X8d1ZrXldxFGCIziGU8BwAU24hRa0gcIjPMMrvFlP1ov1bn3MW1esYuYQ/sD6/AHmJpEt</latexit>

d1 = d2 = 0.001

C
<latexit sha1_base64="ALqLyhmDW2arKz1BuA0uekf07Iw=">AAAB+nicbVDLSsNAFL3xWesr1aWbYBEEoSRF1GXRjcsK9gFtCJPJpB06MwkzE6XEfoobF4q49Uvc+TdO2yy09cC9HM65l7lzwpRRpV3321pZXVvf2Cxtlbd3dvf27cpBWyWZxKSFE5bIbogUYVSQlqaakW4qCeIhI51wdDP1Ow9EKpqIez1Oic/RQNCYYqSNFNiVvo4lwvlZFNQnOTctsKtuzZ3BWSZeQapQoBnYX/0owRknQmOGlOp5bqr9HElNMSOTcj9TJEV4hAakZ6hAnCg/n50+cU6MEjlxIk0J7czU3xs54kqNeWgmOdJDtehNxf+8XqbjKz+nIs00EXj+UJwxRyfONAcnopJgzcaGICypudXBQ2Si0CatsgnBW/zyMmnXa95Fzbs7rzauizhKcATHcAoeXEIDbqEJLcDwCM/wCm/Wk/VivVsf89EVq9g5hD+wPn8A/5GT1Q==</latexit>

+d2
m2

C
<latexit sha1_base64="ALqLyhmDW2arKz1BuA0uekf07Iw=">AAAB+nicbVDLSsNAFL3xWesr1aWbYBEEoSRF1GXRjcsK9gFtCJPJpB06MwkzE6XEfoobF4q49Uvc+TdO2yy09cC9HM65l7lzwpRRpV3321pZXVvf2Cxtlbd3dvf27cpBWyWZxKSFE5bIbogUYVSQlqaakW4qCeIhI51wdDP1Ow9EKpqIez1Oic/RQNCYYqSNFNiVvo4lwvlZFNQnOTctsKtuzZ3BWSZeQapQoBnYX/0owRknQmOGlOp5bqr9HElNMSOTcj9TJEV4hAakZ6hAnCg/n50+cU6MEjlxIk0J7czU3xs54kqNeWgmOdJDtehNxf+8XqbjKz+nIs00EXj+UJwxRyfONAcnopJgzcaGICypudXBQ2Si0CatsgnBW/zyMmnXa95Fzbs7rzauizhKcATHcAoeXEIDbqEJLcDwCM/wCm/Wk/VivVsf89EVq9g5hD+wPn8A/5GT1Q==</latexit>

+d2
m2

<latexit sha1_base64="9HQIWq8LgkmEAJ89wgxQtKag70I=">AAACC3icbVDLSgMxFM3UV62vqks3oUVwocOkSu1GKLpxWcE+oDMMmUymDc08SDJCGbp346+4caGIW3/AnX9jpu1CWw8EDuecy809XsKZVJb1bRRWVtfWN4qbpa3tnd298v5BR8apILRNYh6Lnocl5SyibcUUp71EUBx6nHa90U3udx+okCyO7tU4oU6IBxELGMFKS265YnMd9rGbodPaBF7BM8u0LHQO7SSEyKyjBnPL1VzLAZcJmpMqmKPllr9sPyZpSCNFOJayj6xEORkWihFOJyU7lTTBZIQHtK9phEMqnWx6ywQea8WHQSz0ixScqr8nMhxKOQ49nQyxGspFLxf/8/qpChpOxqIkVTQis0VByqGKYV4M9JmgRPGxJpgIpv8KyRALTJSur6RLQIsnL5NOzUR1E91dVJvX8zqK4AhUwAlA4BI0wS1ogTYg4BE8g1fwZjwZL8a78TGLFoz5zCH4A+PzBzfKl1Q=</latexit>

�1,2 = �0.0013± 1.618i

Eigenvalues

<latexit sha1_base64="osTHqP0Hg3PPx4IIsSl9NoVhefU=">AAACDHicbVDLSgMxFM3UV62vqks3wSK40CHRUutCKLpxWcE+oDOUTCbThmYeJBmhDP0AN/6KGxeKuPUD3Pk3po+Fth4IHM45l5t7vERwpRH6tnJLyyura/n1wsbm1vZOcXevqeJUUtagsYhl2yOKCR6xhuZasHYiGQk9wVre4Gbstx6YVDyO7vUwYW5IehEPOCXaSN1iyREm7JNudn5SHsEreIpshBC+hE4SQmRXcJWb1EQ0gIsEz0gJzFDvFr8cP6ZpyCJNBVGqg1Gi3YxIzalgo4KTKpYQOiA91jE0IiFTbjY5ZgSPjOLDIJbmRRpO1N8TGQmVGoaeSYZE99W8Nxb/8zqpDqpuxqMk1Syi00VBKqCO4bgZ6HPJqBZDQwiV3PwV0j6RhGrTX8GUgOdPXiTNMxtXbHxXLtWuZ3XkwQE4BMcAgwtQA7egDhqAgkfwDF7Bm/VkvVjv1sc0mrNmM/vgD6zPH7yLl5c=</latexit>

�3,4 = �0.00019± 0.618i

<latexit sha1_base64="9VpGIm5xA59gPAzr5DsZ7QnQl20="></latexit>2

664

0. 0. 1. 0.
0. 0. 0. 1.
�2. 1. �0.002 0.001
1. �1. 0.001 �0.001

3

775

<latexit sha1_base64="gDDq6kUjIHp+MZjLjudjW5AXHk8=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAiuCqJiLoRim5cVrAXaEKZTCft0MmFmROxhOzd+CpuXCji1hdw59s4aQNq6w8DH/85Z2bO78WCK7CsL6O0tLyyulZer2xsbm3vmLt7bRUlkrIWjUQkux5RTPCQtYCDYN1YMhJ4gnW88VVe79wxqXgU3sIkZm5AhiH3OSWgrb5ZdcCXhKZOTCRwIrCf/fB9hi9wpW/WrLo1FV4Eu4AaKtTsm5/OIKJJwEKggijVs60Y3DS/lAqWVZxEsZjQMRmynsaQBEy56XSXDB9qZ4D9SOoTAp66vydSEig1CTzdGRAYqflabv5X6yXgn7spD+MEWEhnD/mJwBDhPBg84JJREBMNhEqu/4rpiOhsQMeXh2DPr7wI7eO6fVq3b05qjcsijjI6QFV0hGx0hhroGjVRC1H0gJ7QC3o1Ho1n4814n7WWjGJmH/2R8fENYzGamA==</latexit>

@f
@x =

Comments
Since the damping is small, the system decays slowly,

ie. The real parts of the eigenvalues are negative with small magnitude  
The complex eigenvalues means that the system will oscillate back and forth

(to be expected with springs with not much damping)



Example: Two Blocks Free Body Diagrams

Block 1

Kinematics

Dynamics:
<latexit sha1_base64="CXyspah+qlUUfPhmhiNSUkgAc9A=">AAACDHicbVDLSsNAFJ34rPVVdelmsAh1UxIRdSMU3bisYB/QhDKZTNuhM5mQuZGWkA9w46+4caGIWz/AnX/jtM1CWw8MHM499869x48E12Db39bS8srq2npho7i5tb2zW9rbb2qVxJQ1qBIqbvtEM8FD1gAOgrWjmBHpC9byhzeTeuuBxZqr8B7GEfMk6Ye8xykBI3VLZVcnErvARpBWesoM1SdZd4SvsFGDQEE6yozLrtpT4EXi5KSMctS7pS83UDSRLAQqiNYdx47AS0kMnAqWFd1Es4jQIemzjqEhkUx76fSYDB8bJcBmFfNCwFP1d0dKpNZj6RunJDDQ87WJ+F+tk0Dv0kt5GCXAQjr7qJcIDApPksEBjxkFMTaE0JibXTEdkJhQMPkVTQjO/MmLpHladc6rzt1ZuXadx1FAh+gIVZCDLlAN3aI6aiCKHtEzekVv1pP1Yr1bHzPrkpX3HKA/sD5/AEsPmyQ=</latexit>X

(forces)x = mẍ

Block 1: <latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2

<latexit sha1_base64="Jl6U/80Y4OCqS/GzNhOvULJrz64=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh3Hf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVa9W9e4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD5y42Z</latexit>

k1
<latexit sha1_base64="rTF8T6tLw0pLZekIMTPHaz3r8sM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK1hbaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjLdYIhPdCajhUijeQoGSd1LNaRxI3g5GN1O//cS1EYl6wHHK/ZgOlIgEo2il+7Dv9as1t+7OQJaJV5AaFGj2q1+9MGFZzBUySY3pem6Kfk41Cib5pNLLDE8pG9EB71qqaMyNn89OnZATq4QkSrQthWSm/p7IaWzMOA5sZ0xxaBa9qfif180wuvJzodIMuWLzRVEmCSZk+jcJheYM5dgSyrSwtxI2pJoytOlUbAje4svL5PGs7l3UvbvzWuO6iKMMR3AMp+DBJTTgFprQAgYDeIZXeHOk8+K8Ox/z1pJTzBzCHzifP+8hjZI=</latexit>

d1

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="Pq8Y5lpI1WrAkKy2RY8QNCh0YLU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPBbY10</latexit>

F1

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="MeeW59RNc5n/WcyFwX2ZwPWPS9A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MO7X+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH7T42a</latexit>

k2
<latexit sha1_base64="WVTk2Sa48NbWsCa+TxUceyC/rvA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWw2m3bpZhN2J0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTjDdZIhPdCajhUijeRIGSd1LNaRxI3g5GtzO//cS1EYl6xHHK/ZgOlIgEo2ilh7Bf65crbtWdg6wSLycVyNHol796YcKymCtkkhrT9dwU/QnVKJjk01IvMzylbEQHvGupojE3/mR+6pScWSUkUaJtKSRz9ffEhMbGjOPAdsYUh2bZm4n/ed0Mo2t/IlSaIVdssSjKJMGEzP4modCcoRxbQpkW9lbChlRThjadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwDO8wpsjnRfn3flYtBacfOYY/sD5/AHwpY2T</latexit>

d2

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="l5q9WZht3sUz+jWYFI33L+hwNxs=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD7Jf65crXtWbA68SPycVyNHol796g5imkilLBTGm63uJDTKiLaeCTUu91LCE0DEZsq6jikhmgmx+6hSfOWWAo1i7UhbP1d8TGZHGTGToOiWxI7PszcT/vG5qo+sg4ypJLVN0sShKBbYxnv2NB1wzasXEEUI1d7diOiKaUOvSKbkQ/OWXV0mrVvUvq/79RaV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwD+W42c</latexit>m2

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2
<latexit sha1_base64="skeX6jq2/J2zA/jYJKe14f0nR54=">AAACAXicbZDLSgMxFIbPeK31NupGcBMsggspMyLqsujGZQV7gXYYMmnahmYuJGfEMtSNr+LGhSJufQt3vo1pOwtt/SHw8Z9zkpw/SKTQ6Djf1sLi0vLKamGtuL6xubVt7+zWdZwqxmsslrFqBlRzKSJeQ4GSNxPFaRhI3ggG1+N6454rLeLoDocJ90Lai0RXMIrG8u39B989Ie1OjCSnHH275JSdicg8uDmUIFfVt7/MLSwNeYRMUq1brpOgl1GFgkk+KrZTzRPKBrTHWwYjGnLtZZMNRuTIOB3SjZU5EZKJ+3sio6HWwzAwnSHFvp6tjc3/aq0Uu5deJqIkRR6x6UPdVBKMyTgO0hGKM5RDA5QpYf5KWJ8qytCEVjQhuLMrz0P9tOyel93bs1LlKo+jAAdwCMfgwgVU4AaqUAMGj/AMr/BmPVkv1rv1MW1dsPKZPfgj6/MH2liVOw==</latexit>

x1, ẋ1, ẍ1

Block 2
<latexit sha1_base64="QTvPlFewujsBhR+uv1nPt/0Uqxg=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYBBdSZoqoy6IblxXsBdphyKSZNjSTGZIzYhnqxldx40IRt76FO9/GtJ2Ftv4Q+PjPOUnOHySCa3Ccb6uwtLyyulZcL21sbm3v2Lt7TR2nirIGjUWs2gHRTHDJGsBBsHaiGIkCwVrB8HpSb90zpXks72CUMC8ifclDTgkYy7cPHvzqKe72YsA55ejbZafiTIUXwc2hjHLVffvL3ELTiEmggmjdcZ0EvIwo4FSwcambapYQOiR91jEoScS0l003GONj4/RwGCtzJOCp+3siI5HWoygwnRGBgZ6vTcz/ap0Uwksv4zJJgUk6eyhMBYYYT+LAPa4YBTEyQKji5q+YDogiFExoJROCO7/yIjSrFfe84t6elWtXeRxFdIiO0Aly0QWqoRtURw1E0SN6Rq/ozXqyXqx362PWWrDymX30R9bnD98ElT4=</latexit>

x2, ẋ2, ẍ2

Block 2:

<latexit sha1_base64="gg+k6q/IR8MO+fu7vkgKoI5Bb1E="></latexit>

F1 � kx1 + k2(x2 � x1)� d1ẋ� d2(ẋ2 � ẋ1) = m1ẍ1

<latexit sha1_base64="LoIpVShVDMU5jgVp19vn0pCFXtg=">AAACLXicbZBbS8MwGIbTeZrzVPXSm+AQJuJoh6g3wlARLye4A2ylpGm2haUHklQ2yv6QN/4VEbyYiLf+DdOuA938IOHhffMl+V4nZFRIw5houaXlldW1/HphY3Nre0ff3WuIIOKY1HHAAt5ykCCM+qQuqWSkFXKCPIeRpjO4SfzmE+GCBv6jHIXE8lDPp12KkVSSrd/e2RV4CgdqLw1THNrmMTyBbqJ03EDGw3Gqz1i5V9BTUsedubZeNMpGWnARzAyKIKuarb+p23DkEV9ihoRom0YorRhxSTEj40InEiREeIB6pK3QRx4RVpxOO4ZHSnFhN+Bq+RKm6u+OGHlCjDxHnfSQ7It5LxH/89qR7F5aMfXDSBIfTx/qRgzKACbRQZdygiUbKUCYU/VXiPuIIyxVwAUVgjk/8iI0KmXzvGw+nBWr11kceXAADkEJmOACVME9qIE6wOAZvIIJ+NBetHftU/uaHs1pWc8++FPa9w+wfqOw</latexit>

F2 � k2(x2 � x1) + d2(ẋ2 � ẋ1) = m2ẍ2

State Space Model.  Linearization

<latexit sha1_base64="tB57BLHfUrGusF2gU47HGFmWGYY=">AAAB+XicbVDJSgNBEK1xjXEb9eilMQgRJMyIqBch6MVjBLNAMoSeTk/SpGehuyYkDPkTLx4U8eqfePNv7CwHTXxQ8Hivqrvq+YkUGh3n21pZXVvf2Mxt5bd3dvf27YPDmo5TxXiVxTJWDZ9qLkXEqyhQ8kaiOA19yet+/37i1wdcaRFHTzhKuBfSbiQCwSgaqW3brU6M2XBMbklQHJ6nZ2274JScKcgyceekAHNU2vaXeYKlIY+QSap103US9DKqUDDJx/lWqnlCWZ92edPQiIZce9l08zE5NUqHBLEyFSGZqr8nMhpqPQp90xlS7OlFbyL+5zVTDG68TERJijxis4+CVBKMySQG0hGKM5QjQyhTwuxKWI8qytCElTchuIsnL5PaRcm9KrmPl4Xy3TyOHBzDCRTBhWsowwNUoAoMBvAMr/BmZdaL9W59zFpXrPnMEfyB9fkDJwOSsQ==</latexit>

ẋ = f(x, u)

<latexit sha1_base64="4gzyUjSywmw8iYp4PpN2TrLFkkM=">AAACQHicbVA5T8MwGHXKVcoVYGSxqEBMVVIhYKxgYSwSPaSmqhz3S2vVcSLbQVRRfhoLP4GNmYUBhFiZcA9BaXmSpaf3vsvPjzlT2nGerdzS8srqWn69sLG5tb1j7+7VVZRICjUa8Ug2faKAMwE1zTSHZiyBhD6Hhj+4GvmNO5CKReJWD2Noh6QnWMAo0Ubq2A3Phx4TqR8SLdl9hgsOPsYO9rxf4gWS0NTN0rDjZrPujFHOCh6I7s+cjl10Ss4YeJG4U1JEU1Q79pPXjWgSgtCUE6VarhPrdkqkZpSDmZ4oiAkdkB60DBUkBNVOxwFk+MgoXRxE0jyh8Vid7UhJqNQw9E2lua+v5r2R+J/XSnRw0U6ZiBMNgk4WBQnHOsKjNHGXSaCaDw0hVDJzK6Z9YlLRJvOCCcGd//IiqZdL7lnJvTktVi6nceTRATpEJ8hF56iCrlEV1RBFD+gFvaF369F6tT6sz0lpzpr27KM/sL6+AXF+q6g=</latexit>2
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<latexit sha1_base64="yKYd9zaRmKRuhoRLv7LoARQjRjw=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlYQrZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fAM+tZoG</latexit>

@f

@x
=

<latexit sha1_base64="xSBhYHGIrVdLU0Sy2+p0sV6uu2w=">AAACCXicbZDLSsNAFIZP6q3WW9Slm8EiuCqJiLoRim5cVrAXaEOZTCft0MkkzEyEErJ146u4caGIW9/AnW/jpA2orT8MfPznnJk5vx9zprTjfFmlpeWV1bXyemVjc2t7x97da6kokYQ2ScQj2fGxopwJ2tRMc9qJJcWhz2nbH1/n9fY9lYpF4k5PYuqFeChYwAjWxurbqBdITNJejKVmmKMg++EkQ5eob1edmjMVWgS3gCoUavTtz94gIklIhSYcK9V1nVh7aX4n4TSr9BJFY0zGeEi7BgUOqfLS6SYZOjLOAAWRNEdoNHV/T6Q4VGoS+qYzxHqk5mu5+V+tm+jgwkuZiBNNBZk9FCQc6QjlsaABk5RoPjGAiWTmr4iMsIlGm/AqJgR3fuVFaJ3U3LOae3tarV8VcZThAA7hGFw4hzrcQAOaQOABnuAFXq1H69l6s95nrSWrmNmHP7I+vgE6HZoD</latexit>

@f

@u
=

<latexit sha1_base64="R8j7Rh4IqYorXGSMH8hFoHp+Avs="></latexit>2
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<latexit sha1_base64="EiE4/x1zgOrq5FEIYt0JFMb70q4=">AAACK3icbVDLTgIxFO3gC/GFunTTSExckRli1CXBjUtM5JEwZNLpXKCh05m0HQOZ8D9u/BUXuvARt/6HBUaj4E2ae3rOve29x485U9q236zcyura+kZ+s7C1vbO7V9w/aKookRQaNOKRbPtEAWcCGpppDu1YAgl9Di1/eDXVW3cgFYvErR7H0A1JX7Aeo0QbyivWXB/6TKR+SLRkowkeeQ52XZMq0+QGkU5Hkzn3fTEKiOCnxSuW7LI9C7wMnAyUUBZ1r/hkXqJJCEJTTpTqOHasuymRmlEOk4KbKIgJHZI+dAwUJATVTWe7TvCJYQLci6Q5QuMZ+7sjJaFS49A3lWa+gVrUpuR/WifRvctuykScaBB0/lEv4VhHeGocDpgEqvnYAEIlM7NiOiCSUG3sLRgTnMWVl0GzUnbOy87NWalay+zIoyN0jE6Rgy5QFV2jOmogiu7RI3pBr9aD9Wy9Wx/z0pyV9RyiP2F9fgEI6qeX</latexit>2
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<latexit sha1_base64="POsHS9Zg9Flblio8CSeZo/1APCc=">AAACOXicbVBLSwMxEM76rPW16tFLsAieym4R9Vj04rGCfUC3LNl02oZms0uSlZZl/5YX/4U3wYsHRbz6B0wfVNs6EPjm+2YyM18Qc6a047xYK6tr6xubua389s7u3r59cFhTUSIpVGnEI9kIiALOBFQ10xwasQQSBhzqQf9mpNcfQCoWiXs9jKEVkq5gHUaJNpRvV7wAukykQUi0ZIMMe+1Ip4PMd7HnzZLSJJmXfjUQ7dkHvl1wis448DJwp6CAplHx7WczhSYhCE05UarpOrFupURqRjlkeS9REBPaJ11oGihICKqVji/P8Klh2rgTSfOExmP2b0dKQqWGYWAqzX49taiNyP+0ZqI7V62UiTjRIOhkUCfhWEd4ZCNuMwlU86EBhEpmdsW0RySh2pidNya4iycvg1qp6F4U3bvzQvl6akcOHaMTdIZcdInK6BZVUBVR9Ihe0Tv6sJ6sN+vT+pqUrljTniM0F9b3D88ariE=</latexit>2
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<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=
<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+
<latexit sha1_base64="4gzyUjSywmw8iYp4PpN2TrLFkkM=">AAACQHicbVA5T8MwGHXKVcoVYGSxqEBMVVIhYKxgYSwSPaSmqhz3S2vVcSLbQVRRfhoLP4GNmYUBhFiZcA9BaXmSpaf3vsvPjzlT2nGerdzS8srqWn69sLG5tb1j7+7VVZRICjUa8Ug2faKAMwE1zTSHZiyBhD6Hhj+4GvmNO5CKReJWD2Noh6QnWMAo0Ubq2A3Phx4TqR8SLdl9hgsOPsYO9rxf4gWS0NTN0rDjZrPujFHOCh6I7s+cjl10Ss4YeJG4U1JEU1Q79pPXjWgSgtCUE6VarhPrdkqkZpSDmZ4oiAkdkB60DBUkBNVOxwFk+MgoXRxE0jyh8Vid7UhJqNQw9E2lua+v5r2R+J/XSnRw0U6ZiBMNgk4WBQnHOsKjNHGXSaCaDw0hVDJzK6Z9YlLRJvOCCcGd//IiqZdL7lnJvTktVi6nceTRATpEJ8hF56iCrlEV1RBFD+gFvaF369F6tT6sz0lpzpr27KM/sL6+AXF+q6g=</latexit>2
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<latexit sha1_base64="QkeONdIE7ianSsQwzRyHnbX0e3A=">AAACE3icbVBNS8NAEN3Urxq/qh69LBZBPJSkiHosCsVjBfsBTQmb7bRdutmE3Y1YQv+DF/+KFw+KePXizX/jtg2irQ8GHu/NMDMviDlT2nG+rNzS8srqWn7d3tjc2t4p7O41VJRICnUa8Ui2AqKAMwF1zTSHViyBhAGHZjC8mvjNO5CKReJWj2LohKQvWI9Roo3kF068APpMpEFItGT3Y2xXfRd7Hq76ZWx7ILo/ll8oOiVnCrxI3IwUUYaaX/j0uhFNQhCacqJU23Vi3UmJ1IxyGNteoiAmdEj60DZUkBBUJ53+NMZHRuniXiRNCY2n6u+JlIRKjcLAdJr7Bmrem4j/ee1E9y46KRNxokHQ2aJewrGO8CQg3GUSqOYjQwiVzNyK6YBIQrWJ0TYhuPMvL5JGueSeldyb02LlMosjjw7QITpGLjpHFXSNaqiOKHpAT+gFvVqP1rP1Zr3PWnNWNrOP/sD6+AY4tJ0g</latexit>
F1

F2

�

<latexit sha1_base64="Pq8Y5lpI1WrAkKy2RY8QNCh0YLU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPBbY10</latexit>

F1

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="/rZAd4lc2G6FCQIDhVAWkVLUlxw=">AAAB/3icbVDLSgMxFL1TX7W+RgU3boJFqAvLTBF1IxQFcVnBPqAdhkyaaUMzD5KMtIxd+CtuXCji1t9w59+YtrPQ6oF7OZxzL7k5XsyZVJb1ZeQWFpeWV/KrhbX1jc0tc3unIaNEEFonEY9Ey8OSchbSumKK01YsKA48Tpve4GriN++pkCwK79Qopk6AeyHzGcFKS665d+2mA7cyvtCtNHQr6BgNXfvINYtW2ZoC/SV2RoqQoeaan51uRJKAhopwLGXbtmLlpFgoRjgdFzqJpDEmA9yjbU1DHFDppNP7x+hQK13kR0JXqNBU/bmR4kDKUeDpyQCrvpz3JuJ/XjtR/rmTsjBOFA3J7CE/4UhFaBIG6jJBieIjTTARTN+KSB8LTJSOrKBDsOe//Jc0KmX7tGzfnhSrl1kcediHAyiBDWdQhRuoQR0IPMATvMCr8Wg8G2/G+2w0Z2Q7u/ALxsc3DJWULg==</latexit>

Fk2 = k2(x2 � x1)
<latexit sha1_base64="59P3Xqa0/IQN/2gVvk8rkEHi5SU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0y5JN0zY2myxJVixL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJYIb6/vfXmFldW19o7hZ2tre2d0r7x80jUo1ZQ2qhNLtiBgmuGQNy61g7UQzEkeCtaLRzdRvPTJtuJL3dpywICYDyfucEuuk5ijETyEOyxW/6s+AlgnOSQVy1MPyV7enaBozaakgxnSwn9ggI9pyKtik1E0NSwgdkQHrOCpJzEyQza6doBOn9FBfaVfSopn6eyIjsTHjOHKdMbFDs+hNxf+8Tmr7V0HGZZJaJul8UT8VyCo0fR31uGbUirEjhGrubkV0SDSh1gVUciHgxZeXSfOsii+q+O68UrvO4yjCERzDKWC4hBrcQh0aQOEBnuEV3jzlvXjv3se8teDlM4fwB97nD/0Hjr8=</latexit>

k1x1
<latexit sha1_base64="Z7gKJTPt9jmMOeI76gjFSuR0yCU=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqkxE1GXRjcsKthbaYchkMm1o5kFyRyylv+HGhSJu/Rl3/o1pOwttPRA4nHMP9+YEmZIGXffbKa2srq1vlDcrW9s7u3vV/YO2SXPNRYunKtWdgBmhZCJaKFGJTqYFiwMlHoLhzdR/eBTayDS5x1EmvJj1ExlJztBKvdCnpBemSJ586ldrbt2dgSwTWpAaFGj61S8b5XksEuSKGdOlbobemGmUXIlJpZcbkTE+ZH3RtTRhsTDeeHbzhJxYJSRRqu1LkMzU34kxi40ZxYGdjBkOzKI3Ff/zujlGV95YJlmOIuHzRVGuCKZkWgAJpRYc1cgSxrW0txI+YJpxtDVVbAl08cvLpH1Wpxd1endea1wXdZThCI7hFChcQgNuoQkt4JDBM7zCm5M7L8678zEfLTlF5hD+wPn8AbwxkNc=</latexit>

d1ẋ1
<latexit sha1_base64="3hEhl1tX+kNSTO8t0C8XHA5tNiY=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksQl1YkiLqsujGZQV7gTaEyWTSDp1cmJmIJRQ3voobF4q49Snc+TZO2yy09YeBj/+cw5nzewlnUlnWt1FYWl5ZXSuulzY2t7Z3zN29loxTQWiTxDwWHQ9LyllEm4opTjuJoDj0OG17w+tJvX1PhWRxdKdGCXVC3I9YwAhW2nLNA9+toUrPjxV60HSKcrRPXLNsVa2p0CLYOZQhV8M1v/QsSUMaKcKxlF3bSpSTYaEY4XRc6qWSJpgMcZ92NUY4pNLJpieM0bF2fBTEQr9Ioan7eyLDoZSj0NOdIVYDOV+bmP/VuqkKLp2MRUmqaERmi4KUIxWjSR7IZ4ISxUcaMBFM/xWRARaYKJ1aSYdgz5+8CK1a1T6v2rdn5fpVHkcRDuEIKmDDBdThBhrQBAKP8Ayv8GY8GS/Gu/Exay0Y+cw+/JHx+QO565UV</latexit>

d2(ẋ2 � ẋ1)

<latexit sha1_base64="/rZAd4lc2G6FCQIDhVAWkVLUlxw=">AAAB/3icbVDLSgMxFL1TX7W+RgU3boJFqAvLTBF1IxQFcVnBPqAdhkyaaUMzD5KMtIxd+CtuXCji1t9w59+YtrPQ6oF7OZxzL7k5XsyZVJb1ZeQWFpeWV/KrhbX1jc0tc3unIaNEEFonEY9Ey8OSchbSumKK01YsKA48Tpve4GriN++pkCwK79Qopk6AeyHzGcFKS665d+2mA7cyvtCtNHQr6BgNXfvINYtW2ZoC/SV2RoqQoeaan51uRJKAhopwLGXbtmLlpFgoRjgdFzqJpDEmA9yjbU1DHFDppNP7x+hQK13kR0JXqNBU/bmR4kDKUeDpyQCrvpz3JuJ/XjtR/rmTsjBOFA3J7CE/4UhFaBIG6jJBieIjTTARTN+KSB8LTJSOrKBDsOe//Jc0KmX7tGzfnhSrl1kcediHAyiBDWdQhRuoQR0IPMATvMCr8Wg8G2/G+2w0Z2Q7u/ALxsc3DJWULg==</latexit>

Fk2 = k2(x2 � x1)

<latexit sha1_base64="3hEhl1tX+kNSTO8t0C8XHA5tNiY=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksQl1YkiLqsujGZQV7gTaEyWTSDp1cmJmIJRQ3voobF4q49Snc+TZO2yy09YeBj/+cw5nzewlnUlnWt1FYWl5ZXSuulzY2t7Z3zN29loxTQWiTxDwWHQ9LyllEm4opTjuJoDj0OG17w+tJvX1PhWRxdKdGCXVC3I9YwAhW2nLNA9+toUrPjxV60HSKcrRPXLNsVa2p0CLYOZQhV8M1v/QsSUMaKcKxlF3bSpSTYaEY4XRc6qWSJpgMcZ92NUY4pNLJpieM0bF2fBTEQr9Ioan7eyLDoZSj0NOdIVYDOV+bmP/VuqkKLp2MRUmqaERmi4KUIxWjSR7IZ4ISxUcaMBFM/xWRARaYKJ1aSYdgz5+8CK1a1T6v2rdn5fpVHkcRDuEIKmDDBdThBhrQBAKP8Ayv8GY8GS/Gu/Exay0Y+cw+/JHx+QO565UV</latexit>

d2(ẋ2 � ẋ1)

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2
<latexit sha1_base64="PTi5Db8rfkZTze8AwNFpHEedC2o=">AAAB7XicbVBNS8NAEJ3Urxq/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3btbjbsboQS+h+8eFDEq//Hm//GTZuDtj4YeLw3w8y8MOFMG8/7dkpr6xubW+Vtd2d3b/+gcnjU1jJVhLaI5FJ1Q6wpZzFtGWY47SaKYhFy2gknt7nfeaJKMxk/mGlCA4FHMYsYwcZKbTGou647qFS9mjcHWiV+QapQoDmofPWHkqSCxoZwrHXP9xITZFgZRjiduf1U0wSTCR7RnqUxFlQH2fzaGTqzyhBFUtmKDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjcZIaGpPFoijlyEiUv46GTFFi+NQSTBSztyIyxgoTYwPKQ/CXX14l7XrNv6z59xfVxk0RRxlO4BTOwYcraMAdNKEFBB7hGV7hzZHOi/PufCxaS04xcwx/4Hz+AJ24jdg=</latexit>m2

<latexit sha1_base64="KTcTtUnmZcm/a2cj2dg6AHoG/wY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUP++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSvKh4VxWvflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPdoWMtw==</latexit>�

C<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+
<latexit sha1_base64="JdQ4cPcaoZdSumoHX8bv++Abr/o=">AAACFnicbVDLSgMxFM34rPVVdekmWISKtMwUUZdFQVxWsA9oy5DJZNrQTGZIMtIy9Cvc+CtuXCjiVtz5N94+Ftp64SbnnnMvyT1eLLg2tv1tLS2vrK6tZzaym1vbO7u5vf26jhJFWY1GIlJNj2gmuGQ1w41gzVgxEnqCNbz+9VhvPDCleSTvzTBmnZB0JQ84JQYoN1e8cR1cxH04B5CngMqFgVsGDuoTuHyg235kxrWby9slexJ4ETgzkEezqLq5LxilScikoYJo3XLs2HRSogyngo2y7USzmNA+6bIWQElCpjvpZK0RPgbGx0GkIKXBE/b3REpCrYehB50hMT09r43J/7RWYoLLTsplnBgm6fShIBHYRHjsEfa5YtSIIQBCFYe/YtojilADTmbBBGd+5UVQL5ec85Jzd5avXM3syKBDdIQKyEEXqIJuURXVEEWP6Bm9ojfryXqx3q2PaeuSNZs5QH/C+vwBFHmaWw==</latexit>

F1 � k1x1 + k2(x2 � x1)� d1ẋ1

<latexit sha1_base64="KTcTtUnmZcm/a2cj2dg6AHoG/wY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUP++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSvKh4VxWvflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPdoWMtw==</latexit>� C
<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+

<latexit sha1_base64="KTcTtUnmZcm/a2cj2dg6AHoG/wY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUP++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSvKh4VxWvflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPdoWMtw==</latexit>�

<latexit sha1_base64="R8j7Rh4IqYorXGSMH8hFoHp+Avs="></latexit>2

664

0 0 1 0
0 0 0 1

�k1�k2
m1

k2
m1

�d1+d2
m1

�d2
m1

k2
m2

�k2
m2

�d2
m1

d2
m2

3

775<latexit sha1_base64="KTcTtUnmZcm/a2cj2dg6AHoG/wY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUP++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSvKh4VxWvflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPdoWMtw==</latexit>� C
<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+

<latexit sha1_base64="KTcTtUnmZcm/a2cj2dg6AHoG/wY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUP++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSvKh4VxWvflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPdoWMtw==</latexit>�

Linearization Stability: Case 1Linearization Stability: Case 1
<latexit sha1_base64="Iw/nfGChkdg58eNDuwBPKTOnKv4=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqkyKqBuh6MZlBfuAdhgyaaYNzWTGJFMoQ7/DjQtF3Pox7vwb03YW2nrgXg7n3EtuTpAIro3rfjuFtfWNza3idmlnd2//oHx41NJxqihr0ljEqhMQzQSXrGm4EayTKEaiQLB2MLqb+e0xU5rH8tFMEuZFZCB5yCkxVvJGPkY3aOTXbMd+ueJW3TnQKsE5qUCOhl/+6vVjmkZMGiqI1l3sJsbLiDKcCjYt9VLNEkJHZMC6lkoSMe1l86On6MwqfRTGypY0aK7+3shIpPUkCuxkRMxQL3sz8T+vm5rw2su4TFLDJF08FKYCmRjNEkB9rhg1YmIJoYrbWxEdEkWosTmVbAh4+curpFWr4ssqfrio1G/zOIpwAqdwDhiuoA730IAmUHiCZ3iFN2fsvDjvzsditODkO8fwB87nD8JxkCQ=</latexit>

k1 = k2 = 1
<latexit sha1_base64="jufQcY+k/L0ZdVKCkrrZp3bQFME=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqkyKqBuh6MZlBfuAdhgyaaYNTWbGJFMoQ7/DjQtF3Pox7vwb03YW2nrgXg7n3EtuTpAIro3rfjuFtfWNza3idmlnd2//oHx41NJxqihr0ljEqhMQzQSPWNNwI1gnUYzIQLB2MLqb+e0xU5rH0aOZJMyTZBDxkFNirORJH6MbJP2a7dgvV9yqOwdaJTgnFcjR8MtfvX5MU8kiQwXRuovdxHgZUYZTwaalXqpZQuiIDFjX0ohIpr1sfvQUnVmlj8JY2YoMmqu/NzIitZ7IwE5KYoZ62ZuJ/3nd1ITXXsajJDUsoouHwlQgE6NZAqjPFaNGTCwhVHF7K6JDogg1NqeSDQEvf3mVtGpVfFnFDxeV+m0eRxFO4BTOAcMV1OEeGtAECk/wDK/w5oydF+fd+ViMFpx85xj+wPn8AcilkCg=</latexit>

m1 = m2 = 1

C
<latexit sha1_base64="ALqLyhmDW2arKz1BuA0uekf07Iw=">AAAB+nicbVDLSsNAFL3xWesr1aWbYBEEoSRF1GXRjcsK9gFtCJPJpB06MwkzE6XEfoobF4q49Uvc+TdO2yy09cC9HM65l7lzwpRRpV3321pZXVvf2Cxtlbd3dvf27cpBWyWZxKSFE5bIbogUYVSQlqaakW4qCeIhI51wdDP1Ow9EKpqIez1Oic/RQNCYYqSNFNiVvo4lwvlZFNQnOTctsKtuzZ3BWSZeQapQoBnYX/0owRknQmOGlOp5bqr9HElNMSOTcj9TJEV4hAakZ6hAnCg/n50+cU6MEjlxIk0J7czU3xs54kqNeWgmOdJDtehNxf+8XqbjKz+nIs00EXj+UJwxRyfONAcnopJgzcaGICypudXBQ2Si0CatsgnBW/zyMmnXa95Fzbs7rzauizhKcATHcAoeXEIDbqEJLcDwCM/wCm/Wk/VivVsf89EVq9g5hD+wPn8A/5GT1Q==</latexit>

+d2
m2

C
<latexit sha1_base64="ALqLyhmDW2arKz1BuA0uekf07Iw=">AAAB+nicbVDLSsNAFL3xWesr1aWbYBEEoSRF1GXRjcsK9gFtCJPJpB06MwkzE6XEfoobF4q49Uvc+TdO2yy09cC9HM65l7lzwpRRpV3321pZXVvf2Cxtlbd3dvf27cpBWyWZxKSFE5bIbogUYVSQlqaakW4qCeIhI51wdDP1Ow9EKpqIez1Oic/RQNCYYqSNFNiVvo4lwvlZFNQnOTctsKtuzZ3BWSZeQapQoBnYX/0owRknQmOGlOp5bqr9HElNMSOTcj9TJEV4hAakZ6hAnCg/n50+cU6MEjlxIk0J7czU3xs54kqNeWgmOdJDtehNxf+8XqbjKz+nIs00EXj+UJwxRyfONAcnopJgzcaGICypudXBQ2Si0CatsgnBW/zyMmnXa95Fzbs7rzauizhKcATHcAoeXEIDbqEJLcDwCM/wCm/Wk/VivVsf89EVq9g5hD+wPn8A/5GT1Q==</latexit>

+d2
m2

Eigenvalues
<latexit sha1_base64="gDDq6kUjIHp+MZjLjudjW5AXHk8=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAiuCqJiLoRim5cVrAXaEKZTCft0MmFmROxhOzd+CpuXCji1hdw59s4aQNq6w8DH/85Z2bO78WCK7CsL6O0tLyyulZer2xsbm3vmLt7bRUlkrIWjUQkux5RTPCQtYCDYN1YMhJ4gnW88VVe79wxqXgU3sIkZm5AhiH3OSWgrb5ZdcCXhKZOTCRwIrCf/fB9hi9wpW/WrLo1FV4Eu4AaKtTsm5/OIKJJwEKggijVs60Y3DS/lAqWVZxEsZjQMRmynsaQBEy56XSXDB9qZ4D9SOoTAp66vydSEig1CTzdGRAYqflabv5X6yXgn7spD+MEWEhnD/mJwBDhPBg84JJREBMNhEqu/4rpiOhsQMeXh2DPr7wI7eO6fVq3b05qjcsijjI6QFV0hGx0hhroGjVRC1H0gJ7QC3o1Ho1n4814n7WWjGJmH/2R8fENYzGamA==</latexit>

@f
@x =

Comments
Since the damping is large, the system is over damped and the system does  
not oscillate (all real eigenvalues).  There are some slow modes (3 & 4) but the system  
settles down very quickly due to the large damping, ie. Two of the eigenvalues

are very negative.


<latexit sha1_base64="okP4MoxY11BC4yuC/hFNlZmgHjM=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqkiLoRim5cVrAPaIchk8m0oZkHSUaoQ7/EjQtF3Pop7vwb03YW2nrgXg7n3Etujp8KrrTjfFultfWNza3ydmVnd2+/ah8cdlSSScraNBGJ7PlEMcFj1tZcC9ZLJSORL1jXH9/O/O4jk4on8YOepMyNyDDmIadEG8mzq4GH0TUKvIbp2HE8u+bUnTnQKsEFqUGBlmd/DYKEZhGLNRVEqT52Uu3mRGpOBZtWBpliKaFjMmR9Q2MSMeXm88On6NQoAQoTaSrWaK7+3shJpNQk8s1kRPRILXsz8T+vn+nwys15nGaaxXTxUJgJpBM0SwEFXDKqxcQQQiU3tyI6IpJQbbKqmBDw8pdXSadRxxd1fH9ea94UcZThGE7gDDBcQhPuoAVtoJDBM7zCm/VkvVjv1sditGQVO0fwB9bnDwZgkLs=</latexit>

d1 = d2 = 100

<latexit sha1_base64="9MABMAjlarMz1pfbj2BxgMKkpvo=">AAAB+3icbVDLSgMxFM34rPU11qWbYBHcOEyK1G6EohuXFewD2mHIZDJtaCYzJBmxDP0VNy4UceuPuPNvTNtZaOuBwOGcc7k3J0g5U9p1v6219Y3Nre3STnl3b//g0D6qdFSSSULbJOGJ7AVYUc4EbWumOe2lkuI44LQbjG9nfveRSsUS8aAnKfViPBQsYgRrI/l2ZcBNOMQ+gtfwolZHTsO3q67jzgFXCSpIFRRo+fbXIExIFlOhCcdK9ZGbai/HUjPC6bQ8yBRNMRnjIe0bKnBMlZfPb5/CM6OEMEqkeULDufp7IsexUpM4MMkY65Fa9mbif14/01HDy5lIM00FWSyKMg51AmdFwJBJSjSfGIKJZOZWSEZYYqJNXWVTAlr+8irp1BxUd9D9ZbV5U9RRAifgFJwDBK5AE9yBFmgDAp7AM3gFb9bUerHerY9FdM0qZo7BH1ifP9YQkls=</latexit>

�1 = �261.8
<latexit sha1_base64="x7nUmkCbWimAZVeNeIRmRP+cfFs=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBjSGponUhFN24rGAf0IYwmUzboZMHMxOxhP6KGxeKuPVH3Pk3TtsstPXAwOGcc7l3jp9wJpVtfxuFldW19Y3iZmlre2d3z9wvt2ScCkKbJOax6PhYUs4i2lRMcdpJBMWhz2nbH91O/fYjFZLF0YMaJ9QN8SBifUaw0pJnlntchwPsVdE1Oj2rWc6VZ1Zsy54BLRMnJxXI0fDMr14QkzSkkSIcS9l17ES5GRaKEU4npV4qaYLJCA9oV9MIh1S62ez2CTrWSoD6sdAvUmim/p7IcCjlOPR1MsRqKBe9qfif101Vv+ZmLEpSRSMyX9RPOVIxmhaBAiYoUXysCSaC6VsRGWKBidJ1lXQJzuKXl0mrajkXlnN/Xqnf5HUU4RCO4AQcuIQ63EEDmkDgCZ7hFd6MifFivBsf82jByGcO4A+Mzx/dtJJg</latexit>

�2 = �38.19

<latexit sha1_base64="TZaFexXllVEUzmIpk5z7XdNbJaY=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWwYWWRIu6EYpuXFawD2hDmEwm7dDJg5mJUEI2/oobF4q49TPc+TdO2yy0emDgcM653LnHSziTyrK+jNLC4tLySnm1sra+sbllbu+0ZZwKQlsk5rHoelhSziLaUkxx2k0ExaHHaccb3Uz8zgMVksXRvRon1AnxIGIBI1hpyTX3+lyHfexmZ8f1HF2hE6tm2ZblmlVNpkB/iV2QKhRouuZn349JGtJIEY6l7NlWopwMC8UIp3mln0qaYDLCA9rTNMIhlU42PSBHh1rxURAL/SKFpurPiQyHUo5DTydDrIZy3puI/3m9VAWXTsaiJFU0IrNFQcqRitGkDeQzQYniY00wEUz/FZEhFpgo3VlFl2DPn/yXtE9r9nnNvqtXG9dFHWXYhwM4AhsuoAG30IQWEMjhCV7g1Xg0no03430WLRnFzC78gvHxDe6+lAc=</latexit>

�3,4 = �0.0100

<latexit sha1_base64="vmMqpRYaemWc7vwsN7+xsuXli7Y="></latexit>2

664

0. 0. 1. 0.
0. 0. 0. 1.
�2. 1. �200 100
1. �1. 100 �100

3

775



Example: Two Blocks - Oblique Connection Free Body Diagrams

Block 1

Kinematics
<latexit sha1_base64="skeX6jq2/J2zA/jYJKe14f0nR54=">AAACAXicbZDLSgMxFIbPeK31NupGcBMsggspMyLqsujGZQV7gXYYMmnahmYuJGfEMtSNr+LGhSJufQt3vo1pOwtt/SHw8Z9zkpw/SKTQ6Djf1sLi0vLKamGtuL6xubVt7+zWdZwqxmsslrFqBlRzKSJeQ4GSNxPFaRhI3ggG1+N6454rLeLoDocJ90Lai0RXMIrG8u39B989Ie1OjCSnHH275JSdicg8uDmUIFfVt7/MLSwNeYRMUq1brpOgl1GFgkk+KrZTzRPKBrTHWwYjGnLtZZMNRuTIOB3SjZU5EZKJ+3sio6HWwzAwnSHFvp6tjc3/aq0Uu5deJqIkRR6x6UPdVBKMyTgO0hGKM5RDA5QpYf5KWJ8qytCEVjQhuLMrz0P9tOyel93bs1LlKo+jAAdwCMfgwgVU4AaqUAMGj/AMr/BmPVkv1rv1MW1dsPKZPfgj6/MH2liVOw==</latexit>

x1, ẋ1, ẍ1

Block 2
<latexit sha1_base64="QTvPlFewujsBhR+uv1nPt/0Uqxg=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYBBdSZoqoy6IblxXsBdphyKSZNjSTGZIzYhnqxldx40IRt76FO9/GtJ2Ftv4Q+PjPOUnOHySCa3Ccb6uwtLyyulZcL21sbm3v2Lt7TR2nirIGjUWs2gHRTHDJGsBBsHaiGIkCwVrB8HpSb90zpXks72CUMC8ifclDTgkYy7cPHvzqKe72YsA55ejbZafiTIUXwc2hjHLVffvL3ELTiEmggmjdcZ0EvIwo4FSwcambapYQOiR91jEoScS0l003GONj4/RwGCtzJOCp+3siI5HWoygwnRGBgZ6vTcz/ap0Uwksv4zJJgUk6eyhMBYYYT+LAPa4YBTEyQKji5q+YDogiFExoJROCO7/yIjSrFfe84t6elWtXeRxFdIiO0Aly0QWqoRtURw1E0SN6Rq/ozXqyXqx362PWWrDymX30R9bnD98ElT4=</latexit>

x2, ẋ2, ẍ2

Spring length:

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="Pq8Y5lpI1WrAkKy2RY8QNCh0YLU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPBbY10</latexit>

F1

<latexit sha1_base64="Xh4Xc41jus8oyAFvcAsLe257fk4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDv1W09MG67kgx0nLIjJQPKIU2Kd1Byga4T9XrniV/0Z0DLBOalAjnqv/NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ+jEKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gkgsBL768TJpnVXxRxffnldpNHkcRjuAYTgHDJdTgDurQAAqP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwDbNo4B</latexit>

g = 10

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1
<latexit sha1_base64="Jl6U/80Y4OCqS/GzNhOvULJrz64=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh3Hf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVa9W9e4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD5y42Z</latexit>

k1

<latexit sha1_base64="rTF8T6tLw0pLZekIMTPHaz3r8sM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK1hbaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjLdYIhPdCajhUijeQoGSd1LNaRxI3g5GN1O//cS1EYl6wHHK/ZgOlIgEo2il+7Dv9as1t+7OQJaJV5AaFGj2q1+9MGFZzBUySY3pem6Kfk41Cib5pNLLDE8pG9EB71qqaMyNn89OnZATq4QkSrQthWSm/p7IaWzMOA5sZ0xxaBa9qfif180wuvJzodIMuWLzRVEmCSZk+jcJheYM5dgSyrSwtxI2pJoytOlUbAje4svL5PGs7l3UvbvzWuO6iKMMR3AMp+DBJTTgFprQAgYDeIZXeHOk8+K8Ox/z1pJTzBzCHzifP+8hjZI=</latexit>

d1 <latexit sha1_base64="MeeW59RNc5n/WcyFwX2ZwPWPS9A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MO7X+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH7T42a</latexit>

k2

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="Pq8Y5lpI1WrAkKy2RY8QNCh0YLU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPBbY10</latexit>

F1

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="YewIaV00TYXgdnUYJ74XOmFep+k=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdVl047KCfUA7lEwm04ZmMmNyp1hKv8ONC0Xc+jHu/BvTdhbaeiBwOOce7s0JUikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJsk043WWyES3Amq4FIrXUaDkrVRzGgeSN4PB7dRvDrk2IlEPOEq5H9OeEpFgFK3kh12PdMIEyZMl3VLZrbgzkGXi5aQMOWrd0pfNsizmCpmkxrQ9N0V/TDUKJvmk2MkMTykb0B5vW6pozI0/nh09IadWCUmUaPsUkpn6OzGmsTGjOLCTMcW+WfSm4n9eO8Po2h8LlWbIFZsvijJJMCHTBkgoNGcoR5ZQpoW9lbA+1ZSh7aloS/AWv7xMGucV77Li3V+Uqzd5HQU4hhM4Aw+uoAp3UIM6MHiEZ3iFN2fovDjvzsd8dMXJM0fwB87nDxWZkQE=</latexit>

d1ẋ1
<latexit sha1_base64="Wtzw9EpGsCV1IzP+bUADSGaBHJs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0s4m7G7GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+W9GSfoR3QgecgZNVZqj3oeebLVK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m907ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZPk/6XCEzYmwJZYrbWwkbUkWZsRGVbAje4svLpHlW9S6q3t15pXadx1GEIziGU/DgEmpwC3VoAAMBz/AKb86D8+K8Ox/z1oKTzxzCHzifP6tyjxM=</latexit>

k1x1

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2
<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="gg+Bkn7RnYX4BoCQllMUcLQ+tYg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btbhJ2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4bua3n1BpHkcPZpKgL+kw4iFn1FipIfvlilt15yCrxMtJBXLU++Wv3iBmqcTIMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtjahE7WfzQ6fkzCoDEsbKVmTIXP09kVGp9UQGtlNSM9LL3kz8z+umJrzxMx4lqcGILRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB14WM9w==</latexit>m

<latexit sha1_base64="Sv8BT+dsvuVxy/R+C35hx8Sczh0=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKe5KUC9C0IvHCOYB2TXMTnqTIbMPZnqVsOQ/vHhQxKv/4s2/cZLsQaMFDUVVN91dfiKFRtv+sgpLyyura8X10sbm1vZOeXevpeNUcWjyWMaq4zMNUkTQRIESOokCFvoS2v7oeuq3H0BpEUd3OE7AC9kgEoHgDI107+IQkNFL6ibipNYrV+yqPQP9S5ycVEiORq/86fZjnoYQIZdM665jJ+hlTKHgEiYlN9WQMD5iA+gaGrEQtJfNrp7QI6P0aRArUxHSmfpzImOh1uPQN50hw6Fe9Kbif143xeDCy0SUpAgRny8KUkkxptMIaF8o4CjHhjCuhLmV8iFTjKMJqmRCcBZf/ktap1XnrOrc1ir1qzyOIjkgh+SYOOSc1MkNaZAm4USRJ/JCXq1H69l6s97nrQUrn9knv2B9fAMP9ZGT</latexit>

✓ = ⇡/4

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="l5q9WZht3sUz+jWYFI33L+hwNxs=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD7Jf65crXtWbA68SPycVyNHol796g5imkilLBTGm63uJDTKiLaeCTUu91LCE0DEZsq6jikhmgmx+6hSfOWWAo1i7UhbP1d8TGZHGTGToOiWxI7PszcT/vG5qo+sg4ypJLVN0sShKBbYxnv2NB1wzasXEEUI1d7diOiKaUOvSKbkQ/OWXV0mrVvUvq/79RaV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwD+W42c</latexit>m2

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="zCz39/UIPWSCc2GsZX4DvhemZTw=">AAAB7HicbVBNSwMxEJ34WetX1aOXYBE8ld0i6rHoxWMFty20S8mm2TY0yS5JVihLf4MXD4p49Qd589+YtnvQ1gcDj/dmmJkXpYIb63nfaG19Y3Nru7RT3t3bPzisHB23TJJpygKaiER3ImKY4IoFllvBOqlmREaCtaPx3cxvPzFteKIe7SRloSRDxWNOiXVSIPt1POxXql7NmwOvEr8gVSjQ7Fe+eoOEZpIpSwUxput7qQ1zoi2ngk3LvcywlNAxGbKuo4pIZsJ8fuwUnztlgONEu1IWz9XfEzmRxkxk5DolsSOz7M3E/7xuZuObMOcqzSxTdLEozgS2CZ59jgdcM2rFxBFCNXe3YjoimlDr8im7EPzll1dJq17zr2r+w2W1cVvEUYJTOIML8OEaGnAPTQiAAodneIU3pNALekcfi9Y1VMycwB+gzx8XA443</latexit>m2g

Nonlinear spring setup: 
<latexit sha1_base64="QCGs5lTqakKS1y8rIz/3551ksHM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTSffdJ9MoVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5udOiEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2nZEPwFl9eJs2zqndR9e7OK7XrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBd3Y3b</latexit>

⇠

unstretched length
<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="vpSv5jd6VTgUYfeeTBTLOJxE8fo=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0VwVZJS1I1QdOOygn1AU8JkOmmHTh7O3Igl5C/c+CtuXCjiVnf+jdM2grYeuHA4517uvceLBVdgWV9GYWl5ZXWtuF7a2Nza3jF391oqSiRlTRqJSHY8opjgIWsCB8E6sWQk8ARre6PLid++Y1LxKLyBccx6ARmE3OeUgJZcs3LvVh0aKeyALwlNnZhnaS3D5z+C9rPUUbcS0mqWuWbZqlhT4EVi56SMcjRc89PpRzQJWAhUEKW6thVDLyUSOBUsKzmJYjGhIzJgXU1DEjDVS6d/ZfhIK33sR1JXCHiq/p5ISaDUOPB0Z0BgqOa9ifif103AP+ulPIwTYCGdLfITgSHCk5Bwn0tGQYw1IVRyfSumQ6LjAB1lSYdgz7+8SFrVin1Ssa9r5fpFHkcRHaBDdIxsdIrq6Ao1UBNR9ICe0At6NR6NZ+PNeJ+1Fox8Zh/9gfHxDaE8oD4=</latexit>

x2 cos
⇡
4 = x2p

2

<latexit sha1_base64="843d+D/2jfEiaCFOaSD1f23LRzY=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0VwVZJS1I1QdOOygn1AU8pkOmmHTiZx5kYsIX/hxl9x40IRt7rzb5w+BG09cOFwzr3ce48fC67Bcb6s3NLyyupafr2wsbm1vWPv7jV0lCjK6jQSkWr5RDPBJasDB8FasWIk9AVr+sPLsd+8Y0rzSN7AKGadkPQlDzglYKSuXbrvlj3NJfYgUISmXsyztJLh8x/B+Fnq6VsFaTnLunbRKTkT4EXizkgRzVDr2p9eL6JJyCRQQbRuu04MnZQo4FSwrOAlmsWEDkmftQ2VJGS6k07+yvCRUXo4iJQpCXii/p5ISaj1KPRNZ0hgoOe9sfif104gOOukXMYJMEmni4JEYIjwOCTc44pRECNDCFXc3IrpgJg4wERZMCG48y8vkka55J6U3OtKsXoxiyOPDtAhOkYuOkVVdIVqqI4oekBP6AW9Wo/Ws/VmvU9bc9ZsZh/9gfXxDamtoEM=</latexit>

x2 sin
⇡
4 = x2p

2

<latexit sha1_base64="f5NrmU0LCNgBXKtmZNV78UH5SLc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDZOIjeoNt+kWQKvEK0kDSrRH9a/hOCapoNIQjrUeeG5i/Awrwwin89ow1TTBZIondGCpxIJqPytunaMzq4xRGCtb0qBC/T2RYaH1TAS2U2AT6WUvF//zBqkJb/yMySQ1VJLFojDlyMQofxyNmaLE8JklmChmb0UkwgoTY+Op2RC85ZdXSfei6V01vYfLRuu2jKMKJ3AK5+DBNbTgHtrQAQIRPMMrvDnCeXHenY9Fa8UpZ47hD5zPHxWAjkU=</latexit>

�

<latexit sha1_base64="f5NrmU0LCNgBXKtmZNV78UH5SLc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDZOIjeoNt+kWQKvEK0kDSrRH9a/hOCapoNIQjrUeeG5i/Awrwwin89ow1TTBZIondGCpxIJqPytunaMzq4xRGCtb0qBC/T2RYaH1TAS2U2AT6WUvF//zBqkJb/yMySQ1VJLFojDlyMQofxyNmaLE8JklmChmb0UkwgoTY+Op2RC85ZdXSfei6V01vYfLRuu2jKMKJ3AK5+DBNbTgHtrQAQIRPMMrvDnCeXHenY9Fa8UpZ47hD5zPHxWAjkU=</latexit>

�
<latexit sha1_base64="f5NrmU0LCNgBXKtmZNV78UH5SLc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDZOIjeoNt+kWQKvEK0kDSrRH9a/hOCapoNIQjrUeeG5i/Awrwwin89ow1TTBZIondGCpxIJqPytunaMzq4xRGCtb0qBC/T2RYaH1TAS2U2AT6WUvF//zBqkJb/yMySQ1VJLFojDlyMQofxyNmaLE8JklmChmb0UkwgoTY+Op2RC85ZdXSfei6V01vYfLRuu2jKMKJ3AK5+DBNbTgHtrQAQIRPMMrvDnCeXHenY9Fa8UpZ47hD5zPHxWAjkU=</latexit>

�

<latexit sha1_base64="XkhY5tcTAJ0N9CkMSEkhR8YXmQg=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuKeqx6MVjBfsB7VKyabaNzSZLkhXL0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfDPz249UaSbFvZnE1I/wULCQEWys1BqWn/rV836x5FbcOdAq8TJSggyNfvGrN5AkiagwhGOtu54bGz/FyjDC6bTQSzSNMRnjIe1aKnBEtZ/Or52iM6sMUCiVLWHQXP09keJI60kU2M4Im5Fe9mbif143MeGVnzIRJ4YKslgUJhwZiWavowFTlBg+sQQTxeytiIywwsTYgAo2BG/55VXSqla8i4p3VyvVr7M48nACp1AGDy6hDrfQgCYQeIBneIU3RzovzrvzsWjNOdnMMfyB8/kDmIWOfQ==</latexit>

g(x2)

Spring angle

<latexit sha1_base64="QCGs5lTqakKS1y8rIz/3551ksHM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTSffdJ9MoVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5udOiEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2nZEPwFl9eJs2zqndR9e7OK7XrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBd3Y3b</latexit>

⇠

<latexit sha1_base64="uP73sTod2XHT/SUAF8z6pJIA6rs="></latexit>����

����


⇠ � x1 + x2/

p
2

x2/
p
2

�����

����
2

=
<latexit sha1_base64="aHHWAymv9H7Q5L7xEuxxYcYvVYk=">AAAB+nicbVDLSgNBEOz1GeNro0cvg0GIEMJuEPUiBL14jGAekCzL7GQ2GTL7YGZWE9Z8ihcPinj1S7z5N06SPWhiQUNR1U13lxdzJpVlfRsrq2vrG5u5rfz2zu7evlk4aMooEYQ2SMQj0fawpJyFtKGY4rQdC4oDj9OWN7yZ+q0HKiSLwns1jqkT4H7IfEaw0pJrFvqlkWuXR2613B2xU3SFXLNoVawZ0DKxM1KEDHXX/Or2IpIENFSEYyk7thUrJ8VCMcLpJN9NJI0xGeI+7Wga4oBKJ52dPkEnWukhPxK6QoVm6u+JFAdSjgNPdwZYDeSiNxX/8zqJ8i+dlIVxomhI5ov8hCMVoWkOqMcEJYqPNcFEMH0rIgMsMFE6rbwOwV58eZk0qxX7vGLfnRVr11kcOTiCYyiBDRdQg1uoQwMIPMIzvMKb8WS8GO/Gx7x1xchmDuEPjM8fgDiSNg==</latexit>

g(x1, x2, ⇠) =

<latexit sha1_base64="wMnbNi+282NLtDF1k+UmsVt/BKo=">AAAB/XicbVDJSgNBEK1xjXEbl5uXxiBECGEmiHoRgl48RjALZIahp9OTNOlZ6O6RxBD8FS8eFPHqf3jzb+wkc9DEBwWP96qoqucnnEllWd/G0vLK6tp6biO/ubW9s2vu7TdknApC6yTmsWj5WFLOIlpXTHHaSgTFoc9p0+/fTPzmAxWSxdG9GibUDXE3YgEjWGnJMw+dpMeKA88uDbxKyRmwU3SFPLNgla0p0CKxM1KADDXP/HI6MUlDGinCsZRt20qUO8JCMcLpOO+kkiaY9HGXtjWNcEilO5peP0YnWumgIBa6IoWm6u+JEQ6lHIa+7gyx6sl5byL+57VTFVy6IxYlqaIRmS0KUo5UjCZRoA4TlCg+1AQTwfStiPSwwETpwPI6BHv+5UXSqJTt87J9d1aoXmdx5OAIjqEINlxAFW6hBnUg8AjP8ApvxpPxYrwbH7PWJSObOYA/MD5/ANtZk4o=</latexit>

�(x1, x2, ⇠) =

<latexit sha1_base64="25viCpbjC7Jc1LZQkIehHh6au1g="></latexit>

tan�1

✓
x2p

2(⇠ � x1) + x2

◆

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

Dynamics:

Block 1:

<latexit sha1_base64="CXyspah+qlUUfPhmhiNSUkgAc9A=">AAACDHicbVDLSsNAFJ34rPVVdelmsAh1UxIRdSMU3bisYB/QhDKZTNuhM5mQuZGWkA9w46+4caGIWz/AnX/jtM1CWw8MHM499869x48E12Db39bS8srq2npho7i5tb2zW9rbb2qVxJQ1qBIqbvtEM8FD1gAOgrWjmBHpC9byhzeTeuuBxZqr8B7GEfMk6Ye8xykBI3VLZVcnErvARpBWesoM1SdZd4SvsFGDQEE6yozLrtpT4EXi5KSMctS7pS83UDSRLAQqiNYdx47AS0kMnAqWFd1Es4jQIemzjqEhkUx76fSYDB8bJcBmFfNCwFP1d0dKpNZj6RunJDDQ87WJ+F+tk0Dv0kt5GCXAQjr7qJcIDApPksEBjxkFMTaE0JibXTEdkJhQMPkVTQjO/MmLpHladc6rzt1ZuXadx1FAh+gIVZCDLlAN3aI6aiCKHtEzekVv1pP1Yr1bHzPrkpX3HKA/sD5/AEsPmyQ=</latexit>X
(forces)x = mẍ

<latexit sha1_base64="YbE5rJ5ozFzqfEfHyvJK1MOlbNM="></latexit>

m1ẍ1 = F1 + k2
⇣
g(x1, x2, ⇠)� ⇠

⌘
cos(�)� k1x1 � d1ẋ1

Spring force:
<latexit sha1_base64="w+csshqO6XQ21YgRfwaPDNC6AAU=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0VpoZakiLoRioK4rGAf0IQwmU7aoZMHMxNpCf0DN/6KGxeKuHXrzr9x0mahrQfu5XDOvczc40aMCmkY31puaXlldS2/XtjY3Nre0Xf3WiKMOSZNHLKQd1wkCKMBaUoqGelEnCDfZaTtDq9Tv/1AuKBhcC/HEbF91A+oRzGSSnL04xtHwEs4dGrQcmm/1C+NHLMycmoVa0TLJ6qlctnRi0bVmAIuEjMjRZCh4ehfVi/EsU8CiRkSomsakbQTxCXFjEwKVixIhPAQ9UlX0QD5RNjJ9J4JPFJKD3ohVxVIOFV/byTIF2Lsu2rSR3Ig5r1U/M/rxtK7sBMaRLEkAZ495MUMyhCm4cAe5QRLNlYEYU7VXyEeII6wVBEWVAjm/MmLpFWrmmdV8+60WL/K4siDA3AISsAE56AObkEDNAEGj+AZvII37Ul70d61j9loTst29sEfaJ8/5UKaEw==</latexit>

Fs = k2
�
g(x1, x2, ⇠)� ⇠

�

<latexit sha1_base64="G7t2Epe0d5lCIQMIw73/h3tiTX0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvTvXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t2fV2rXeRxFOIJjOAUPLqEGd1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AElhI22</latexit>

Fs

<latexit sha1_base64="G7t2Epe0d5lCIQMIw73/h3tiTX0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvTvXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t2fV2rXeRxFOIJjOAUPLqEGd1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AElhI22</latexit>

Fs
<latexit sha1_base64="Sv8BT+dsvuVxy/R+C35hx8Sczh0=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKe5KUC9C0IvHCOYB2TXMTnqTIbMPZnqVsOQ/vHhQxKv/4s2/cZLsQaMFDUVVN91dfiKFRtv+sgpLyyura8X10sbm1vZOeXevpeNUcWjyWMaq4zMNUkTQRIESOokCFvoS2v7oeuq3H0BpEUd3OE7AC9kgEoHgDI107+IQkNFL6ibipNYrV+yqPQP9S5ycVEiORq/86fZjnoYQIZdM665jJ+hlTKHgEiYlN9WQMD5iA+gaGrEQtJfNrp7QI6P0aRArUxHSmfpzImOh1uPQN50hw6Fe9Kbif143xeDCy0SUpAgRny8KUkkxptMIaF8o4CjHhjCuhLmV8iFTjKMJqmRCcBZf/ktap1XnrOrc1ir1qzyOIjkgh+SYOOSc1MkNaZAm4USRJ/JCXq1H69l6s97nrQUrn9knv2B9fAMP9ZGT</latexit>

✓ = ⇡/4

<latexit sha1_base64="pVJgVKWRCQ6bUNAtj+2GFD+T824="></latexit>

m2ẍ2 = F2 �m2g sin ✓ � Fs cos(✓ � �)
<latexit sha1_base64="TMPlu7zZ8vjYujI4zgV1DhxVMhE="></latexit>

= F2 �m2g
1p
2
� k2

�
g(x1, x2, ⇠)� ⇠

�
cos

�
⇡
4 � �

�

<latexit sha1_base64="xjNEMyRX6H7hxVft9EtcWvFj5gQ=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURUY9FLx4rWFtIQtlsN83SzW7YnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5USa4Adf9diorq2vrG9XN2tb2zu5eff/g0ahcU9ahSijdi4hhgkvWAQ6C9TLNSBoJ1o1Gt1O/+8S04Uo+wDhjYUqGksecErCSH0DCgJwFWcL79YbbdGfAy8QrSQOVaPfrX8FA0TxlEqggxviem0FYEA2cCjapBblhGaEjMmS+pZKkzITF7OQJPrHKAMdK25KAZ+rviYKkxozTyHamBBKz6E3F/zw/h/g6LLjMcmCSzhfFucCg8PR/POCaURBjSwjV3N6KaUI0oWBTqtkQvMWXl8njedO7bHr3F43WTRlHFR2hY3SKPHSFWugOtVEHUaTQM3pFbw44L8678zFvrTjlzCH6A+fzByRXkSo=</latexit>

✓ � �

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=
Block 2:

Dynamics
<latexit sha1_base64="XPfrXNTtTAasPNDjpJnq/5PJCRY=">AAACGXicbVDLSgMxFM34rPU16tJNsFhclZki6rLoxmUF+4BOKZn0tg1NMkOSEcvQ33Djr7hxoYhLXfk3pu0g2nog4eTcc8m9J4w508bzvpyl5ZXVtfXcRn5za3tn193br+soURRqNOKRaoZEA2cSaoYZDs1YAREhh0Y4vJrUG3egNIvkrRnF0BakL1mPUWKs1HG9IIQ+k2koiFHsfoxFx8dF7OEgsFfRPss4ANn9MXTcglfypsCLxM9IAWWodtyPoBvRRIA0lBOtW74Xm3ZKlGGUwzgfJBpiQoekDy1LJRGg2+l0szE+tkoX9yJljzR4qv7uSInQeiRC67TzDfR8bSL+V2slpnfRTpmMEwOSzj7qJRybCE9iwl2mgBo+soRQxeysmA6IItTYMPM2BH9+5UVSL5f8s5J/c1qoXGZx5NAhOkInyEfnqIKuURXVEEUP6Am9oFfn0Xl23pz3mXXJyXoO0B84n9+GC57C</latexit>
m1 0
0 m2

� <latexit sha1_base64="mzMK1rF+QvZXMZDe6zNdA5xcoow=">AAACH3icbVDLSgMxFM3UV62vqks3wSK4KjNFqsuiG5cV7AM6Zchk7rShmcyQZKRl6J+48VfcuFBE3PVvTB/4aD0QODnnXu69x084U9q2J1ZubX1jcyu/XdjZ3ds/KB4eNVWcSgoNGvNYtn2igDMBDc00h3YigUQ+h5Y/uJn6rQeQisXiXo8S6EakJ1jIKNFG8opV14ceE5kfES3ZcIzdIIh1Nhx7Dnbdn18FuyCC7zKvWLLL9gx4lTgLUkIL1L3ipxvENI1AaMqJUh3HTnQ3I1IzymFccFMFCaED0oOOoYJEoLrZ7L4xPjNKgMNYmic0nqm/OzISKTWKfFNp9uurZW8q/ud1Uh1edTMmklSDoPNBYcqxjvE0LBwwCVTzkSGESmZ2xbRPJKHaRFowITjLJ6+SZqXsVMvO3UWpdr2II49O0Ck6Rw66RDV0i+qogSh6RM/oFb1ZT9aL9W59zEtz1qLnGP2BNfkChzuj5g==</latexit>
ẍ1

ẍ2

� <latexit sha1_base64="dQYWs/cD6Q9bIWhr4iQu0nE/1UM="></latexit>2

4
F1 + k2

⇣
g
�
x1, x2, ⇠

�
� ⇠

⌘
cos�� k1x1 � d1ẋ1

F2 � m2gp
2
� k2

⇣
g(x1, x2, ⇠)� ⇠

⌘
cos

�
⇡
4 � �

�

3

5<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="cD4k4KNzpmj/EC8Ge0xqniELPZI=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiGzdCBfvAtpRMeqcNzWSGJCOUoX/hxoUibv0bd/6NmXYW2nogcDjnXnLu8WPBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpKFMMGi0Sk2j7VKLjEhuFGYDtWSENfYMsf32R+6wmV5pF8MJMYeyEdSh5wRo2VHrshNSM/SO+m/XLFrbozkGXi5aQCOer98ld3ELEkRGmYoFp3PDc2vZQqw5nAaambaIwpG9MhdiyVNETdS2eJp+TEKgMSRMo+achM/b2R0lDrSejbySyhXvQy8T+vk5jgqpdyGScGJZt/FCSCmIhk55MBV8iMmFhCmeI2K2EjqigztqSSLcFbPHmZNM+q3kXVuz+v1K7zOopwBMdwCh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxHC06+cwh/4Hz+AL3akPc=</latexit>

M
<latexit sha1_base64="Uj6nJ3AsEVHd4YV8iSLkuEEseJM=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EcRSEGZ32qzW37s5AlolXkBoUaParX71BzNKIK2SSGtP13AT9jGoUTPJppZcanlA2pkPetVTRiBs/myWekhOrDEgYa/sUkpn6eyOjkTGTKLCTeUKz6OXif143xfDKz4RKUuSKzT8KU0kwJvn5ZCA0ZygnllCmhc1K2IhqytCWVLEleIsnL5P2Wd27qHt357XGdVFHGY7gGE7Bg0towC00oQUMFDzDK7w5xnlx3p2P+WjJKXYO4Q+czx/cPpEL</latexit>a <latexit sha1_base64="sZ49ajG7bco8ZWSalhiKsP33yl4=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiIC4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4WV1bX1jeJmaWt7Z3evvH/Q1FGiGDZYJCLV9qlGwSU2DDcC27FCGvoCW/74JvNbT6g0j+SDmcTYC+lQ8oAzaqz02A2pGflBejvtlytu1Z2BLBMvJxXIUe+Xv7qDiCUhSsME1brjubHppVQZzgROS91EY0zZmA6xY6mkIepeOks8JSdWGZAgUvZJQ2bq742UhlpPQt9OZgn1opeJ/3mdxARXvZTLODEo2fyjIBHERCQ7nwy4QmbExBLKFLdZCRtRRZmxJZVsCd7iycukeVb1Lqre/Xmldp3XUYQjOIZT8OASanAHdWgAAwnP8ApvjnZenHfnYz5acPKdQ/gD5/MHszeQ8A==</latexit>

F
<latexit sha1_base64="tVhBUtmPlPXyiAq0fuzecik1qWI=">AAACE3icbVDLSgMxFL1TX7W+Rl26CRZBBMuMiLoRioK4ESrYB7RjyaSZNjTzIMkIZZh/cOOvuHGhiFs37vwbM32Ath4InHvOveTe40acSWVZ30Zubn5hcSm/XFhZXVvfMDe3ajKMBaFVEvJQNFwsKWcBrSqmOG1EgmLf5bTu9i8zv/5AhWRhcKcGEXV83A2YxwhWWmqbBy0fq57rJThF52hS3KT3yaGdTsqrtKDRNotWyRoCzRJ7TIowRqVtfrU6IYl9GijCsZRN24qUk2ChGOE0LbRiSSNM+rhLm5oG2KfSSYY3pWhPKx3khUK/QKGh+nsiwb6UA9/VndmWctrLxP+8Zqy8MydhQRQrGpDRR17MkQpRFhDqMEGJ4gNNMBFM74pIDwtMlI4xC8GePnmW1I5K9knJvj0uli/GceRhB3ZhH2w4hTJcQwWqQOARnuEV3own48V4Nz5GrTljPLMNf2B8/gAJwZz0</latexit>

a = M�1F

<latexit sha1_base64="BsbU89AOguJFummjJT6BwtzCgvo=">AAACFHicbZDLSsNAFIYnXmu9RV26GSxCpdgmQdRl0Y3LCvYCTRom00k7dHJxZiItoQ/hxldx40IRty7c+TZO2yy09YeBn++cw5nzezGjQhrGt7a0vLK6tp7byG9ube/s6nv7DRElHJM6jljEWx4ShNGQ1CWVjLRiTlDgMdL0BteTevOBcEGj8E6OYuIEqBdSn2IkFXL1ki3uuUyL9pCeDl0TluDQtSozaI1POtaMdKyKNXb1glE2poKLxsxMAWSqufqX3Y1wEpBQYoaEaJtGLJ0UcUkxI+O8nQgSIzxAPdJWNkQBEU46PWoMjxXpQj/i6oUSTunviRQFQowCT3UGSPbFfG0C/6u1E+lfOikN40SSEM8W+QmDMoKThGCXcoIlGymDMKfqrxD3EUdYqhzzKgRz/uRF07DK5nnZvD0rVK+yOHLgEByBIjDBBaiCG1ADdYDBI3gGr+BNe9JetHftY9a6pGUzB+CPtM8f2+icKA==</latexit>q
(⇠ � x1 + x2/

p
2)2 + x2

2/2



Example: Two Blocks - Oblique Connection Free Body Diagrams

Block 1

Kinematics
<latexit sha1_base64="skeX6jq2/J2zA/jYJKe14f0nR54=">AAACAXicbZDLSgMxFIbPeK31NupGcBMsggspMyLqsujGZQV7gXYYMmnahmYuJGfEMtSNr+LGhSJufQt3vo1pOwtt/SHw8Z9zkpw/SKTQ6Djf1sLi0vLKamGtuL6xubVt7+zWdZwqxmsslrFqBlRzKSJeQ4GSNxPFaRhI3ggG1+N6454rLeLoDocJ90Lai0RXMIrG8u39B989Ie1OjCSnHH275JSdicg8uDmUIFfVt7/MLSwNeYRMUq1brpOgl1GFgkk+KrZTzRPKBrTHWwYjGnLtZZMNRuTIOB3SjZU5EZKJ+3sio6HWwzAwnSHFvp6tjc3/aq0Uu5deJqIkRR6x6UPdVBKMyTgO0hGKM5RDA5QpYf5KWJ8qytCEVjQhuLMrz0P9tOyel93bs1LlKo+jAAdwCMfgwgVU4AaqUAMGj/AMr/BmPVkv1rv1MW1dsPKZPfgj6/MH2liVOw==</latexit>

x1, ẋ1, ẍ1

Block 2
<latexit sha1_base64="QTvPlFewujsBhR+uv1nPt/0Uqxg=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYBBdSZoqoy6IblxXsBdphyKSZNjSTGZIzYhnqxldx40IRt76FO9/GtJ2Ftv4Q+PjPOUnOHySCa3Ccb6uwtLyyulZcL21sbm3v2Lt7TR2nirIGjUWs2gHRTHDJGsBBsHaiGIkCwVrB8HpSb90zpXks72CUMC8ifclDTgkYy7cPHvzqKe72YsA55ejbZafiTIUXwc2hjHLVffvL3ELTiEmggmjdcZ0EvIwo4FSwcambapYQOiR91jEoScS0l003GONj4/RwGCtzJOCp+3siI5HWoygwnRGBgZ6vTcz/ap0Uwksv4zJJgUk6eyhMBYYYT+LAPa4YBTEyQKji5q+YDogiFExoJROCO7/yIjSrFfe84t6elWtXeRxFdIiO0Aly0QWqoRtURw1E0SN6Rq/ozXqyXqx362PWWrDymX30R9bnD98ElT4=</latexit>

x2, ẋ2, ẍ2

Spring length:

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="Pq8Y5lpI1WrAkKy2RY8QNCh0YLU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPBbY10</latexit>

F1

<latexit sha1_base64="Xh4Xc41jus8oyAFvcAsLe257fk4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDv1W09MG67kgx0nLIjJQPKIU2Kd1Byga4T9XrniV/0Z0DLBOalAjnqv/NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ+jEKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gkgsBL768TJpnVXxRxffnldpNHkcRjuAYTgHDJdTgDurQAAqP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwDbNo4B</latexit>

g = 10

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1
<latexit sha1_base64="Jl6U/80Y4OCqS/GzNhOvULJrz64=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh3Hf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVa9W9e4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD5y42Z</latexit>

k1

<latexit sha1_base64="rTF8T6tLw0pLZekIMTPHaz3r8sM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK1hbaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjLdYIhPdCajhUijeQoGSd1LNaRxI3g5GN1O//cS1EYl6wHHK/ZgOlIgEo2il+7Dv9as1t+7OQJaJV5AaFGj2q1+9MGFZzBUySY3pem6Kfk41Cib5pNLLDE8pG9EB71qqaMyNn89OnZATq4QkSrQthWSm/p7IaWzMOA5sZ0xxaBa9qfif180wuvJzodIMuWLzRVEmCSZk+jcJheYM5dgSyrSwtxI2pJoytOlUbAje4svL5PGs7l3UvbvzWuO6iKMMR3AMp+DBJTTgFprQAgYDeIZXeHOk8+K8Ox/z1pJTzBzCHzifP+8hjZI=</latexit>

d1 <latexit sha1_base64="MeeW59RNc5n/WcyFwX2ZwPWPS9A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MO7X+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH7T42a</latexit>

k2

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="Pq8Y5lpI1WrAkKy2RY8QNCh0YLU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPBbY10</latexit>

F1

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="YewIaV00TYXgdnUYJ74XOmFep+k=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRkRdVl047KCfUA7lEwm04ZmMmNyp1hKv8ONC0Xc+jHu/BvTdhbaeiBwOOce7s0JUikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJsk043WWyES3Amq4FIrXUaDkrVRzGgeSN4PB7dRvDrk2IlEPOEq5H9OeEpFgFK3kh12PdMIEyZMl3VLZrbgzkGXi5aQMOWrd0pfNsizmCpmkxrQ9N0V/TDUKJvmk2MkMTykb0B5vW6pozI0/nh09IadWCUmUaPsUkpn6OzGmsTGjOLCTMcW+WfSm4n9eO8Po2h8LlWbIFZsvijJJMCHTBkgoNGcoR5ZQpoW9lbA+1ZSh7aloS/AWv7xMGucV77Li3V+Uqzd5HQU4hhM4Aw+uoAp3UIM6MHiEZ3iFN2fovDjvzsd8dMXJM0fwB87nDxWZkQE=</latexit>

d1ẋ1
<latexit sha1_base64="Wtzw9EpGsCV1IzP+bUADSGaBHJs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0s4m7G7GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+W9GSfoR3QgecgZNVZqj3oeebLVK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m907ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZPk/6XCEzYmwJZYrbWwkbUkWZsRGVbAje4svLpHlW9S6q3t15pXadx1GEIziGU/DgEmpwC3VoAAMBz/AKb86D8+K8Ox/z1oKTzxzCHzifP6tyjxM=</latexit>

k1x1

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2
<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="gg+Bkn7RnYX4BoCQllMUcLQ+tYg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btbhJ2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4bua3n1BpHkcPZpKgL+kw4iFn1FipIfvlilt15yCrxMtJBXLU++Wv3iBmqcTIMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtjahE7WfzQ6fkzCoDEsbKVmTIXP09kVGp9UQGtlNSM9LL3kz8z+umJrzxMx4lqcGILRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB14WM9w==</latexit>m

<latexit sha1_base64="Sv8BT+dsvuVxy/R+C35hx8Sczh0=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKe5KUC9C0IvHCOYB2TXMTnqTIbMPZnqVsOQ/vHhQxKv/4s2/cZLsQaMFDUVVN91dfiKFRtv+sgpLyyura8X10sbm1vZOeXevpeNUcWjyWMaq4zMNUkTQRIESOokCFvoS2v7oeuq3H0BpEUd3OE7AC9kgEoHgDI107+IQkNFL6ibipNYrV+yqPQP9S5ycVEiORq/86fZjnoYQIZdM665jJ+hlTKHgEiYlN9WQMD5iA+gaGrEQtJfNrp7QI6P0aRArUxHSmfpzImOh1uPQN50hw6Fe9Kbif143xeDCy0SUpAgRny8KUkkxptMIaF8o4CjHhjCuhLmV8iFTjKMJqmRCcBZf/ktap1XnrOrc1ir1qzyOIjkgh+SYOOSc1MkNaZAm4USRJ/JCXq1H69l6s97nrQUrn9knv2B9fAMP9ZGT</latexit>

✓ = ⇡/4

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="l5q9WZht3sUz+jWYFI33L+hwNxs=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD7Jf65crXtWbA68SPycVyNHol796g5imkilLBTGm63uJDTKiLaeCTUu91LCE0DEZsq6jikhmgmx+6hSfOWWAo1i7UhbP1d8TGZHGTGToOiWxI7PszcT/vG5qo+sg4ypJLVN0sShKBbYxnv2NB1wzasXEEUI1d7diOiKaUOvSKbkQ/OWXV0mrVvUvq/79RaV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwD+W42c</latexit>m2

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="zCz39/UIPWSCc2GsZX4DvhemZTw=">AAAB7HicbVBNSwMxEJ34WetX1aOXYBE8ld0i6rHoxWMFty20S8mm2TY0yS5JVihLf4MXD4p49Qd589+YtnvQ1gcDj/dmmJkXpYIb63nfaG19Y3Nru7RT3t3bPzisHB23TJJpygKaiER3ImKY4IoFllvBOqlmREaCtaPx3cxvPzFteKIe7SRloSRDxWNOiXVSIPt1POxXql7NmwOvEr8gVSjQ7Fe+eoOEZpIpSwUxput7qQ1zoi2ngk3LvcywlNAxGbKuo4pIZsJ8fuwUnztlgONEu1IWz9XfEzmRxkxk5DolsSOz7M3E/7xuZuObMOcqzSxTdLEozgS2CZ59jgdcM2rFxBFCNXe3YjoimlDr8im7EPzll1dJq17zr2r+w2W1cVvEUYJTOIML8OEaGnAPTQiAAodneIU3pNALekcfi9Y1VMycwB+gzx8XA443</latexit>m2g

Nonlinear spring setup: 
<latexit sha1_base64="QCGs5lTqakKS1y8rIz/3551ksHM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTSffdJ9MoVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5udOiEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2nZEPwFl9eJs2zqndR9e7OK7XrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBd3Y3b</latexit>

⇠

unstretched length
<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="vpSv5jd6VTgUYfeeTBTLOJxE8fo=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0VwVZJS1I1QdOOygn1AU8JkOmmHTh7O3Igl5C/c+CtuXCjiVnf+jdM2grYeuHA4517uvceLBVdgWV9GYWl5ZXWtuF7a2Nza3jF391oqSiRlTRqJSHY8opjgIWsCB8E6sWQk8ARre6PLid++Y1LxKLyBccx6ARmE3OeUgJZcs3LvVh0aKeyALwlNnZhnaS3D5z+C9rPUUbcS0mqWuWbZqlhT4EVi56SMcjRc89PpRzQJWAhUEKW6thVDLyUSOBUsKzmJYjGhIzJgXU1DEjDVS6d/ZfhIK33sR1JXCHiq/p5ISaDUOPB0Z0BgqOa9ifif103AP+ulPIwTYCGdLfITgSHCk5Bwn0tGQYw1IVRyfSumQ6LjAB1lSYdgz7+8SFrVin1Ssa9r5fpFHkcRHaBDdIxsdIrq6Ao1UBNR9ICe0At6NR6NZ+PNeJ+1Fox8Zh/9gfHxDaE8oD4=</latexit>

x2 cos
⇡
4 = x2p

2

<latexit sha1_base64="843d+D/2jfEiaCFOaSD1f23LRzY=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0VwVZJS1I1QdOOygn1AU8pkOmmHTiZx5kYsIX/hxl9x40IRt7rzb5w+BG09cOFwzr3ce48fC67Bcb6s3NLyyupafr2wsbm1vWPv7jV0lCjK6jQSkWr5RDPBJasDB8FasWIk9AVr+sPLsd+8Y0rzSN7AKGadkPQlDzglYKSuXbrvlj3NJfYgUISmXsyztJLh8x/B+Fnq6VsFaTnLunbRKTkT4EXizkgRzVDr2p9eL6JJyCRQQbRuu04MnZQo4FSwrOAlmsWEDkmftQ2VJGS6k07+yvCRUXo4iJQpCXii/p5ISaj1KPRNZ0hgoOe9sfif104gOOukXMYJMEmni4JEYIjwOCTc44pRECNDCFXc3IrpgJg4wERZMCG48y8vkka55J6U3OtKsXoxiyOPDtAhOkYuOkVVdIVqqI4oekBP6AW9Wo/Ws/VmvU9bc9ZsZh/9gfXxDamtoEM=</latexit>

x2 sin
⇡
4 = x2p

2

<latexit sha1_base64="f5NrmU0LCNgBXKtmZNV78UH5SLc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDZOIjeoNt+kWQKvEK0kDSrRH9a/hOCapoNIQjrUeeG5i/Awrwwin89ow1TTBZIondGCpxIJqPytunaMzq4xRGCtb0qBC/T2RYaH1TAS2U2AT6WUvF//zBqkJb/yMySQ1VJLFojDlyMQofxyNmaLE8JklmChmb0UkwgoTY+Op2RC85ZdXSfei6V01vYfLRuu2jKMKJ3AK5+DBNbTgHtrQAQIRPMMrvDnCeXHenY9Fa8UpZ47hD5zPHxWAjkU=</latexit>

�

<latexit sha1_base64="f5NrmU0LCNgBXKtmZNV78UH5SLc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDZOIjeoNt+kWQKvEK0kDSrRH9a/hOCapoNIQjrUeeG5i/Awrwwin89ow1TTBZIondGCpxIJqPytunaMzq4xRGCtb0qBC/T2RYaH1TAS2U2AT6WUvF//zBqkJb/yMySQ1VJLFojDlyMQofxyNmaLE8JklmChmb0UkwgoTY+Op2RC85ZdXSfei6V01vYfLRuu2jKMKJ3AK5+DBNbTgHtrQAQIRPMMrvDnCeXHenY9Fa8UpZ47hD5zPHxWAjkU=</latexit>

�
<latexit sha1_base64="f5NrmU0LCNgBXKtmZNV78UH5SLc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbN0dxN2N0IJ/QtePCji1T/kzX/jJs1BWx8MPN6bYWZekHCmjet+O5W19Y3Nrep2bWd3b/+gfnjU1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uV+74kqzWL5aGYJ9QWeSBYygk0uDZOIjeoNt+kWQKvEK0kDSrRH9a/hOCapoNIQjrUeeG5i/Awrwwin89ow1TTBZIondGCpxIJqPytunaMzq4xRGCtb0qBC/T2RYaH1TAS2U2AT6WUvF//zBqkJb/yMySQ1VJLFojDlyMQofxyNmaLE8JklmChmb0UkwgoTY+Op2RC85ZdXSfei6V01vYfLRuu2jKMKJ3AK5+DBNbTgHtrQAQIRPMMrvDnCeXHenY9Fa8UpZ47hD5zPHxWAjkU=</latexit>

�

<latexit sha1_base64="XkhY5tcTAJ0N9CkMSEkhR8YXmQg=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuKeqx6MVjBfsB7VKyabaNzSZLkhXL0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfDPz249UaSbFvZnE1I/wULCQEWys1BqWn/rV836x5FbcOdAq8TJSggyNfvGrN5AkiagwhGOtu54bGz/FyjDC6bTQSzSNMRnjIe1aKnBEtZ/Or52iM6sMUCiVLWHQXP09keJI60kU2M4Im5Fe9mbif143MeGVnzIRJ4YKslgUJhwZiWavowFTlBg+sQQTxeytiIywwsTYgAo2BG/55VXSqla8i4p3VyvVr7M48nACp1AGDy6hDrfQgCYQeIBneIU3RzovzrvzsWjNOdnMMfyB8/kDmIWOfQ==</latexit>

g(x2)

Spring angle

<latexit sha1_base64="QCGs5lTqakKS1y8rIz/3551ksHM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTSffdJ9MoVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5udOiEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8MrPhEpS5IrNF4WpJBiT6d+kLzRnKMeWUKaFvZWwIdWUoU2nZEPwFl9eJs2zqndR9e7OK7XrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gBd3Y3b</latexit>

⇠

<latexit sha1_base64="uP73sTod2XHT/SUAF8z6pJIA6rs="></latexit>����

����


⇠ � x1 + x2/

p
2

x2/
p
2

�����

����
2

=
<latexit sha1_base64="aHHWAymv9H7Q5L7xEuxxYcYvVYk=">AAAB+nicbVDLSgNBEOz1GeNro0cvg0GIEMJuEPUiBL14jGAekCzL7GQ2GTL7YGZWE9Z8ihcPinj1S7z5N06SPWhiQUNR1U13lxdzJpVlfRsrq2vrG5u5rfz2zu7evlk4aMooEYQ2SMQj0fawpJyFtKGY4rQdC4oDj9OWN7yZ+q0HKiSLwns1jqkT4H7IfEaw0pJrFvqlkWuXR2613B2xU3SFXLNoVawZ0DKxM1KEDHXX/Or2IpIENFSEYyk7thUrJ8VCMcLpJN9NJI0xGeI+7Wga4oBKJ52dPkEnWukhPxK6QoVm6u+JFAdSjgNPdwZYDeSiNxX/8zqJ8i+dlIVxomhI5ov8hCMVoWkOqMcEJYqPNcFEMH0rIgMsMFE6rbwOwV58eZk0qxX7vGLfnRVr11kcOTiCYyiBDRdQg1uoQwMIPMIzvMKb8WS8GO/Gx7x1xchmDuEPjM8fgDiSNg==</latexit>

g(x1, x2, ⇠) =

<latexit sha1_base64="wMnbNi+282NLtDF1k+UmsVt/BKo=">AAAB/XicbVDJSgNBEK1xjXEbl5uXxiBECGEmiHoRgl48RjALZIahp9OTNOlZ6O6RxBD8FS8eFPHqf3jzb+wkc9DEBwWP96qoqucnnEllWd/G0vLK6tp6biO/ubW9s2vu7TdknApC6yTmsWj5WFLOIlpXTHHaSgTFoc9p0+/fTPzmAxWSxdG9GibUDXE3YgEjWGnJMw+dpMeKA88uDbxKyRmwU3SFPLNgla0p0CKxM1KADDXP/HI6MUlDGinCsZRt20qUO8JCMcLpOO+kkiaY9HGXtjWNcEilO5peP0YnWumgIBa6IoWm6u+JEQ6lHIa+7gyx6sl5byL+57VTFVy6IxYlqaIRmS0KUo5UjCZRoA4TlCg+1AQTwfStiPSwwETpwPI6BHv+5UXSqJTt87J9d1aoXmdx5OAIjqEINlxAFW6hBnUg8AjP8ApvxpPxYrwbH7PWJSObOYA/MD5/ANtZk4o=</latexit>

�(x1, x2, ⇠) =

<latexit sha1_base64="25viCpbjC7Jc1LZQkIehHh6au1g="></latexit>

tan�1

✓
x2p

2(⇠ � x1) + x2

◆

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

Dynamics:

Spring force:
<latexit sha1_base64="w+csshqO6XQ21YgRfwaPDNC6AAU=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0VpoZakiLoRioK4rGAf0IQwmU7aoZMHMxNpCf0DN/6KGxeKuHXrzr9x0mahrQfu5XDOvczc40aMCmkY31puaXlldS2/XtjY3Nre0Xf3WiKMOSZNHLKQd1wkCKMBaUoqGelEnCDfZaTtDq9Tv/1AuKBhcC/HEbF91A+oRzGSSnL04xtHwEs4dGrQcmm/1C+NHLMycmoVa0TLJ6qlctnRi0bVmAIuEjMjRZCh4ehfVi/EsU8CiRkSomsakbQTxCXFjEwKVixIhPAQ9UlX0QD5RNjJ9J4JPFJKD3ohVxVIOFV/byTIF2Lsu2rSR3Ig5r1U/M/rxtK7sBMaRLEkAZ495MUMyhCm4cAe5QRLNlYEYU7VXyEeII6wVBEWVAjm/MmLpFWrmmdV8+60WL/K4siDA3AISsAE56AObkEDNAEGj+AZvII37Ul70d61j9loTst29sEfaJ8/5UKaEw==</latexit>

Fs = k2
�
g(x1, x2, ⇠)� ⇠

�

<latexit sha1_base64="G7t2Epe0d5lCIQMIw73/h3tiTX0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvTvXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t2fV2rXeRxFOIJjOAUPLqEGd1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AElhI22</latexit>

Fs

<latexit sha1_base64="G7t2Epe0d5lCIQMIw73/h3tiTX0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvTvXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t2fV2rXeRxFOIJjOAUPLqEGd1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AElhI22</latexit>

Fs
<latexit sha1_base64="Sv8BT+dsvuVxy/R+C35hx8Sczh0=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKe5KUC9C0IvHCOYB2TXMTnqTIbMPZnqVsOQ/vHhQxKv/4s2/cZLsQaMFDUVVN91dfiKFRtv+sgpLyyura8X10sbm1vZOeXevpeNUcWjyWMaq4zMNUkTQRIESOokCFvoS2v7oeuq3H0BpEUd3OE7AC9kgEoHgDI107+IQkNFL6ibipNYrV+yqPQP9S5ycVEiORq/86fZjnoYQIZdM665jJ+hlTKHgEiYlN9WQMD5iA+gaGrEQtJfNrp7QI6P0aRArUxHSmfpzImOh1uPQN50hw6Fe9Kbif143xeDCy0SUpAgRny8KUkkxptMIaF8o4CjHhjCuhLmV8iFTjKMJqmRCcBZf/ktap1XnrOrc1ir1qzyOIjkgh+SYOOSc1MkNaZAm4USRJ/JCXq1H69l6s97nrQUrn9knv2B9fAMP9ZGT</latexit>

✓ = ⇡/4
<latexit sha1_base64="xjNEMyRX6H7hxVft9EtcWvFj5gQ=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURUY9FLx4rWFtIQtlsN83SzW7YnQgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5USa4Adf9diorq2vrG9XN2tb2zu5eff/g0ahcU9ahSijdi4hhgkvWAQ6C9TLNSBoJ1o1Gt1O/+8S04Uo+wDhjYUqGksecErCSH0DCgJwFWcL79YbbdGfAy8QrSQOVaPfrX8FA0TxlEqggxviem0FYEA2cCjapBblhGaEjMmS+pZKkzITF7OQJPrHKAMdK25KAZ+rviYKkxozTyHamBBKz6E3F/zw/h/g6LLjMcmCSzhfFucCg8PR/POCaURBjSwjV3N6KaUI0oWBTqtkQvMWXl8njedO7bHr3F43WTRlHFR2hY3SKPHSFWugOtVEHUaTQM3pFbw44L8678zFvrTjlzCH6A+fzByRXkSo=</latexit>

✓ � �

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="U8Gj+AVdK+XI1FBU5/f1K0uDDDs=">AAACCnicbZDLSsNAFIZP6q3WW9Slm9EiuCqJiLoRim5cVrAXaEOYTCft0MmFmYlYQtZufBU3LhRx6xO4822ctAG19YeBj/+cMzPn92LOpLKsL6O0sLi0vFJeraytb2xumds7LRklgtAmiXgkOh6WlLOQNhVTnHZiQXHgcdr2Rld5vX1HhWRReKvGMXUCPAiZzwhW2nLN/Z4vMEl7MRaKYY4G2Q/fu3aGLlyzatWsidA82AVUoVDDNT97/YgkAQ0V4VjKrm3FyknzSwmnWaWXSBpjMsID2tUY4oBKJ52skqFD7fSRHwl9QoUm7u+JFAdSjgNPdwZYDeVsLTf/q3UT5Z87KQvjRNGQTB/yE45UhPJcUJ8JShQfa8BEMP1XRIZYZ6N0ehUdgj278jy0jmv2ac2+OanWL4s4yrAHB3AENpxBHa6hAU0g8ABP8AKvxqPxbLwZ79PWklHM7MIfGR/fG6qagQ==</latexit>

@g

@x1
=

<latexit sha1_base64="FCI0p9XtF9shfLmudHovg1csN68="></latexit>

1
2

⇣
(⇠ � x1 + x2/

p
2)2 + x2

2/2
⌘�1/2

<latexit sha1_base64="+c+j/6opWENK7kiAB8/vsJrDoM8=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvQIq1JEHVZdOOygn1AE8JkOmmHTiZxZiItoeDGX3HjQhG3/oQ7/8Zpm4W2HrhwOOde7r3HjykR0jS/tdzS8srqWn69sLG5tb2j7+41RZRwhBsoohFv+1BgShhuSCIpbsccw9CnuOUPrid+6wFzQSJ2J0cxdkPYYyQgCEolefpBqWKXS86QVIaedTL07FNH3HOZ2uOypxfNqjmFsUisjBRBhrqnfzndCCUhZhJRKETHMmPpppBLgigeF5xE4BiiAezhjqIMhli46fSHsXGslK4RRFwVk8ZU/T2RwlCIUeirzhDKvpj3JuJ/XieRwaWbEhYnEjM0WxQk1JCRMQnE6BKOkaQjRSDiRN1qoD7kEEkVW0GFYM2/vEiadtU6r1q3Z8XaVRZHHhyCI1ACFrgANXAD6qABEHgEz+AVvGlP2ov2rn3MWnNaNrMP/kD7/AH+p5Xb</latexit>

(�2)(⇠ � x1 + x2/
p
2)

<latexit sha1_base64="UBKrOR8AH4xYkjFr/Y7Bd8OIy4c=">AAACCnicbZDLSsNAFIZPvNZ6i7p0M1oEVyUpom6EohuXFewF2hAm00k7dHJhZiKWkLUbX8WNC0Xc+gTufBsnbUBt/WHg4z/nzMz5vZgzqSzry1hYXFpeWS2tldc3Nre2zZ3dlowSQWiTRDwSHQ9LyllIm4opTjuxoDjwOG17o6u83r6jQrIovFXjmDoBHoTMZwQrbbnmQc8XmKS9GAvFMEeD7Ifv3VqGLlyzYlWtidA82AVUoFDDNT97/YgkAQ0V4VjKrm3FyknzSwmnWbmXSBpjMsID2tUY4oBKJ52skqEj7fSRHwl9QoUm7u+JFAdSjgNPdwZYDeVsLTf/q3UT5Z87KQvjRNGQTB/yE45UhPJcUJ8JShQfa8BEMP1XRIZYZ6N0emUdgj278jy0alX7tGrfnFTql0UcJdiHQzgGG86gDtfQgCYQeIAneIFX49F4Nt6M92nrglHM7MEfGR/fHTGagg==</latexit>

@g

@x2
=

<latexit sha1_base64="FCI0p9XtF9shfLmudHovg1csN68="></latexit>

1
2

⇣
(⇠ � x1 + x2/

p
2)2 + x2

2/2
⌘�1/2

<latexit sha1_base64="yftXiCgutYTGl5w5BRx9cvs7GUs=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VoEUsSRF0W3bisYB/QhDCZTtqhk4czE2kJ/QE3/oobF4q4de/Ov3HSZqGtBy4czrmXe+/xYkaFNIxvrbC0vLK6VlwvbWxube/ou3stESUckyaOWMQ7HhKE0ZA0JZWMdGJOUOAx0vaG15nffiBc0Ci8k+OYOAHqh9SnGEklufqR7dF+xRb3XKbWpGKPKDyFI9eswhNojVwrs6uuXjZqxhRwkZg5KYMcDVf/snsRTgISSsyQEF3TiKWTIi4pZmRSshNBYoSHqE+6ioYoIMJJp99M4LFSetCPuKpQwqn6eyJFgRDjwFOdAZIDMe9l4n9eN5H+pZPSME4kCfFskZ8wKCOYRQN7lBMs2VgRhDlVt0I8QBxhqQIsqRDM+ZcXScuqmec18/asXL/K4yiCA3AIKsAEF6AObkADNAEGj+AZvII37Ul70d61j1lrQctn9sEfaJ8/2SSZfw==</latexit>�p
2(⇠ � x1) + 2x2

�

Linearization

<latexit sha1_base64="XPfrXNTtTAasPNDjpJnq/5PJCRY=">AAACGXicbVDLSgMxFM34rPU16tJNsFhclZki6rLoxmUF+4BOKZn0tg1NMkOSEcvQ33Djr7hxoYhLXfk3pu0g2nog4eTcc8m9J4w508bzvpyl5ZXVtfXcRn5za3tn193br+soURRqNOKRaoZEA2cSaoYZDs1YAREhh0Y4vJrUG3egNIvkrRnF0BakL1mPUWKs1HG9IIQ+k2koiFHsfoxFx8dF7OEgsFfRPss4ANn9MXTcglfypsCLxM9IAWWodtyPoBvRRIA0lBOtW74Xm3ZKlGGUwzgfJBpiQoekDy1LJRGg2+l0szE+tkoX9yJljzR4qv7uSInQeiRC67TzDfR8bSL+V2slpnfRTpmMEwOSzj7qJRybCE9iwl2mgBo+soRQxeysmA6IItTYMPM2BH9+5UVSL5f8s5J/c1qoXGZx5NAhOkInyEfnqIKuURXVEEUP6Am9oFfn0Xl23pz3mXXJyXoO0B84n9+GC57C</latexit>
m1 0
0 m2

� <latexit sha1_base64="mzMK1rF+QvZXMZDe6zNdA5xcoow=">AAACH3icbVDLSgMxFM3UV62vqks3wSK4KjNFqsuiG5cV7AM6Zchk7rShmcyQZKRl6J+48VfcuFBE3PVvTB/4aD0QODnnXu69x084U9q2J1ZubX1jcyu/XdjZ3ds/KB4eNVWcSgoNGvNYtn2igDMBDc00h3YigUQ+h5Y/uJn6rQeQisXiXo8S6EakJ1jIKNFG8opV14ceE5kfES3ZcIzdIIh1Nhx7Dnbdn18FuyCC7zKvWLLL9gx4lTgLUkIL1L3ipxvENI1AaMqJUh3HTnQ3I1IzymFccFMFCaED0oOOoYJEoLrZ7L4xPjNKgMNYmic0nqm/OzISKTWKfFNp9uurZW8q/ud1Uh1edTMmklSDoPNBYcqxjvE0LBwwCVTzkSGESmZ2xbRPJKHaRFowITjLJ6+SZqXsVMvO3UWpdr2II49O0Ck6Rw66RDV0i+qogSh6RM/oFb1ZT9aL9W59zEtz1qLnGP2BNfkChzuj5g==</latexit>
ẍ1

ẍ2

� <latexit sha1_base64="dQYWs/cD6Q9bIWhr4iQu0nE/1UM="></latexit>2

4
F1 + k2

⇣
g
�
x1, x2, ⇠

�
� ⇠

⌘
cos�� k1x1 � d1ẋ1

F2 � m2gp
2
� k2

⇣
g(x1, x2, ⇠)� ⇠

⌘
cos

�
⇡
4 � �

�

3

5<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="cD4k4KNzpmj/EC8Ge0xqniELPZI=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiGzdCBfvAtpRMeqcNzWSGJCOUoX/hxoUibv0bd/6NmXYW2nogcDjnXnLu8WPBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpKFMMGi0Sk2j7VKLjEhuFGYDtWSENfYMsf32R+6wmV5pF8MJMYeyEdSh5wRo2VHrshNSM/SO+m/XLFrbozkGXi5aQCOer98ld3ELEkRGmYoFp3PDc2vZQqw5nAaambaIwpG9MhdiyVNETdS2eJp+TEKgMSRMo+achM/b2R0lDrSejbySyhXvQy8T+vk5jgqpdyGScGJZt/FCSCmIhk55MBV8iMmFhCmeI2K2EjqigztqSSLcFbPHmZNM+q3kXVuz+v1K7zOopwBMdwCh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxHC06+cwh/4Hz+AL3akPc=</latexit>

M
<latexit sha1_base64="Uj6nJ3AsEVHd4YV8iSLkuEEseJM=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EcRSEGZ32qzW37s5AlolXkBoUaParX71BzNKIK2SSGtP13AT9jGoUTPJppZcanlA2pkPetVTRiBs/myWekhOrDEgYa/sUkpn6eyOjkTGTKLCTeUKz6OXif143xfDKz4RKUuSKzT8KU0kwJvn5ZCA0ZygnllCmhc1K2IhqytCWVLEleIsnL5P2Wd27qHt357XGdVFHGY7gGE7Bg0towC00oQUMFDzDK7w5xnlx3p2P+WjJKXYO4Q+czx/cPpEL</latexit>a <latexit sha1_base64="sZ49ajG7bco8ZWSalhiKsP33yl4=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiIC4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4WV1bX1jeJmaWt7Z3evvH/Q1FGiGDZYJCLV9qlGwSU2DDcC27FCGvoCW/74JvNbT6g0j+SDmcTYC+lQ8oAzaqz02A2pGflBejvtlytu1Z2BLBMvJxXIUe+Xv7qDiCUhSsME1brjubHppVQZzgROS91EY0zZmA6xY6mkIepeOks8JSdWGZAgUvZJQ2bq742UhlpPQt9OZgn1opeJ/3mdxARXvZTLODEo2fyjIBHERCQ7nwy4QmbExBLKFLdZCRtRRZmxJZVsCd7iycukeVb1Lqre/Xmldp3XUYQjOIZT8OASanAHdWgAAwnP8ApvjnZenHfnYz5acPKdQ/gD5/MHszeQ8A==</latexit>

F

<latexit sha1_base64="13J073lgUxxitd3L/L89FHS+r3Y=">AAACDXicbVDLSgMxFM3UV62vUZduglVwVWZE1I1QdOOygn1AZyiZNNOGZjIhyYhlmB9w46+4caGIW/fu/Bsz7YDaeiBwcs69N7knEIwq7ThfVmlhcWl5pbxaWVvf2Nyyt3daKk4kJk0cs1h2AqQIo5w0NdWMdIQkKAoYaQejq9xv3xGpaMxv9VgQP0IDTkOKkTZSzz7wQolw6gkkNUUMemJIs5/rfc/N4EXPrjo1ZwI4T9yCVEGBRs/+9PoxTiLCNWZIqa7rCO2n+VDMSFbxEkUEwiM0IF1DOYqI8tPJNhk8NEofhrE0h2s4UX93pChSahwFpjJCeqhmvVz8z+smOjz3U8pFognH04fChEEdwzwa2KeSYM3GhiAsqfkrxENk4tEmwIoJwZ1deZ60jmvuac29OanWL4s4ymAP7IMj4IIzUAfXoAGaAIMH8ARewKv1aD1bb9b7tLRkFT274A+sj2+J9ZvV</latexit>

@�

@x1
=

<latexit sha1_base64="NXDgkVm/W0PlZDMoXhGZbghxvJE=">AAACDXicbVDLSgMxFM34rPU16tJNsAquykwRdSMU3bisYB/QGUomzbShmUxIMmIZ5gfc+CtuXCji1r07/8ZMO6C2HgicnHPvTe4JBKNKO86XtbC4tLyyWlorr29sbm3bO7stFScSkyaOWSw7AVKEUU6ammpGOkISFAWMtIPRVe6374hUNOa3eiyIH6EBpyHFSBupZx96oUQ49QSSmiIGPTGk2c/1vlfL4EXPrjhVZwI4T9yCVECBRs/+9PoxTiLCNWZIqa7rCO2n+VDMSFb2EkUEwiM0IF1DOYqI8tPJNhk8MkofhrE0h2s4UX93pChSahwFpjJCeqhmvVz8z+smOjz3U8pFognH04fChEEdwzwa2KeSYM3GhiAsqfkrxENk4tEmwLIJwZ1deZ60alX3tOrenFTql0UcJbAPDsAxcMEZqINr0ABNgMEDeAIv4NV6tJ6tN+t9WrpgFT174A+sj2+LfJvW</latexit>

@�

@x2
=

<latexit sha1_base64="lzu21jNqm+VW9ezk4PJZKgDqDik="></latexit> �p
2(⇠�x1)+x2

�2

�p
2(⇠�x1)+x2

�2
+x2

2

<latexit sha1_base64="NtRY93+AyFJD7iyMsFbza2ozgbQ="></latexit> 
1p

2(⇠�x1)+x2
+ �x2�p

2(⇠�x1)+x2

�2

!

<latexit sha1_base64="gJJ8Zyg5/N1hzZ5n8bIHsxwOnaE="></latexit> 
p
2x2�p

2(⇠�x1)+x2

�2

!
<latexit sha1_base64="lzu21jNqm+VW9ezk4PJZKgDqDik="></latexit> �p

2(⇠�x1)+x2

�2

�p
2(⇠�x1)+x2

�2
+x2

2

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="JfhlCMKg5wUe0xNR+kT0qFI+wZY="></latexit> p
2x2�p

2(⇠ � x1) + x2

�2
+ x2

2
<latexit sha1_base64="sJxsPpMn0OZBiVRHMjRsiC7IhPo="></latexit> p

2(⇠ � x1)�p
2(⇠ � x1) + x2

�2
+ x2

2

<latexit sha1_base64="tVhBUtmPlPXyiAq0fuzecik1qWI=">AAACE3icbVDLSgMxFL1TX7W+Rl26CRZBBMuMiLoRioK4ESrYB7RjyaSZNjTzIMkIZZh/cOOvuHGhiFs37vwbM32Ath4InHvOveTe40acSWVZ30Zubn5hcSm/XFhZXVvfMDe3ajKMBaFVEvJQNFwsKWcBrSqmOG1EgmLf5bTu9i8zv/5AhWRhcKcGEXV83A2YxwhWWmqbBy0fq57rJThF52hS3KT3yaGdTsqrtKDRNotWyRoCzRJ7TIowRqVtfrU6IYl9GijCsZRN24qUk2ChGOE0LbRiSSNM+rhLm5oG2KfSSYY3pWhPKx3khUK/QKGh+nsiwb6UA9/VndmWctrLxP+8Zqy8MydhQRQrGpDRR17MkQpRFhDqMEGJ4gNNMBFM74pIDwtMlI4xC8GePnmW1I5K9knJvj0uli/GceRhB3ZhH2w4hTJcQwWqQOARnuEV3own48V4Nz5GrTljPLMNf2B8/gAJwZz0</latexit>

a = M�1F

<latexit sha1_base64="B44dIFVPVLjAp5MIYCFqlkSFl+A=">AAACSnicdVBLSwMxGMzW+lpfVY9egkXwYtkVUS+CKIgXQcHaQnct36bZNph9kGSFuuzv8+LJmz/CiwdFvJiti9pWBwLDzDfJl/FizqSyrCejNFGenJqemTXn5hcWlyrLK1cySgShdRLxSDQ9kJSzkNYVU5w2Y0Eh8DhteDfHud+4pUKyKLxU/Zi6AXRD5jMCSkvtCji+AJI6MQjFgGMnANXz/BSy7Ee8y/DBt3OWXadbdvZP7mQ4Z5pmu1K1atYAeJzYBamiAuftyqPTiUgS0FARDlK2bCtWbprfSTjNTCeRNAZyA13a0jSEgEo3HVSR4Q2tdLAfCX1ChQfq70QKgZT9wNOT+cZy1MvFv7xWovx9N2VhnCgakq+H/IRjFeG8V9xhghLF+5oAEUzvikkPdEdKt5+XYI9+eZxcbdfs3Zp9sVM9PCrqmEFraB1tIhvtoUN0is5RHRF0j57RK3ozHowX4934+BotGUVmFQ2hVP4E3gm0eQ==</latexit>

@a

@z
= M�1 @F

@z

<latexit sha1_base64="139Dpxq+FaqigY3rKpexToeVOrM=">AAACS3icdVDNS8MwHE2n01m/qh69BIfgxdGKqBdhKIgXYYL7gHWONEtnWJqWJBVG6f/nxYs3/wkvHhTxYLoVdZs+CDze+73kl+dFjEpl289GYW6+uLBYWjKXV1bX1q2NzYYMY4FJHYcsFC0PScIoJ3VFFSOtSBAUeIw0vcF55jfviZA05DdqGJFOgPqc+hQjpaWu5bm+QDhxIyQURQy6AVJ3np+gNP0R4xSefjtX6W2y76Twn+DFZNA0za5Vtiv2CHCWODkpgxy1rvXk9kIcB4QrzJCUbceOVCfJ7sSMpKYbSxIhPEB90taUo4DITjLqIoW7WulBPxT6cAVH6u9EggIph4GnJ7ON5bSXiX957Vj5J52E8ihWhOPxQ37MoAphVizsUUGwYkNNEBZU7wrxHdIdKV1/VoIz/eVZ0jioOEcV5/qwXD3L6yiBbbAD9oADjkEVXIIaqAMMHsALeAPvxqPxanwYn+PRgpFntsAECsUvPq20mQ==</latexit>

@a

@u
= M�1 @F

@u

<latexit sha1_base64="6C0WEs5ncZNCHq7+SFtJY3yG34k=">AAAB/XicbVDLSsNAFL2prxpf8bFzM1iEClISEXUjFN24rGAf0IYymU7aoZMHMxOhDcVfceNCEbf+hzv/xkmbhbYeuHA4596Ze48XcyaVbX8bhaXlldW14rq5sbm1vWPt7jVklAhC6yTikWh5WFLOQlpXTHHaigXFgcdp0xveZn7zkQrJovBBjWLqBrgfMp8RrLTUtQ46vUil4wm6Rn55fJqcINM0u1bJrthToEXi5KQEOWpd60s/Q5KAhopwLGXbsWPlplgoRjidmJ1E0hiTIe7TtqYhDqh00+n2E3SslR7yI6ErVGiq/p5IcSDlKPB0Z4DVQM57mfif106Uf+WmLIwTRUMy+8hPOFIRyqJAPSYoUXykCSaC6V0RGWCBidKBZSE48ycvksZZxbmoOPfnpepNHkcRDuEIyuDAJVThDmpQBwJjeIZXeDOejBfj3fiYtRaMfGYf/sD4/AE10pMb</latexit>

ż = f(z, u)
<latexit sha1_base64="1rlIK19E8O3phFAjOQp648cr+e0=">AAACIXicbVC7TsMwFHV4lvAKMLJYVEhMVVIh6IJUwcJYpL6kJESO67RWnYdsB1Gi/goLv8LCAELdED+Dk2aAliP56uice23f4yeMCmmaX9rK6tr6xmZlS9/e2d3bNw4OuyJOOSYdHLOY930kCKMR6UgqGeknnKDQZ6Tnj29yv/dAuKBx1JaThLghGkY0oBhJJXlG4wleQcenQxs68NGzilpX1RnEshRKWqiq071v67ruGVWzZhaAy8QqSRWUaHnGTN2D05BEEjMkhG2ZiXQzxCXFjEx1JxUkQXiMhsRWNEIhEW5WbDiFp0oZwCDm6kQSFurviQyFQkxCX3WGSI7EopeL/3l2KoOGm9EoSSWJ8PyhIGVQxjCPCw4oJ1iyiSIIc6r+CvEIcYSlCjUPwVpceZl06zXrombdnVeb12UcFXAMTsAZsMAlaIJb0AIdgMEzeAXv4EN70d60T202b13Rypkj8Afa9w8r+p8w</latexit>

z =
⇥
x1 x2 ẋ1 ẋ2

⇤T <latexit sha1_base64="WeHymV6X4iczPv8XiPW6G7O8ttY=">AAACC3icbVDLSsNAFJ3UV42vqEs3Q4vgqiRF1I1QFMRlhb4giWEynbRDJw9mJkIJ3bvxV9y4UMStP+DOv3GSZqGtB+ZyOOde7tzjJ4wKaZrfWmVldW19o7qpb23v7O4Z+wc9Eaccky6OWcwHPhKE0Yh0JZWMDBJOUOgz0vcn17nffyBc0DjqyGlC3BCNIhpQjKSSPKOWwkvo+HRkQwfeeFZRm6rmmnvf0XXdM+pmwywAl4lVkjoo0faML2cY4zQkkcQMCWFbZiLdDHFJMSMz3UkFSRCeoBGxFY1QSISbFbfM4LFShjCIuXqRhIX6eyJDoRDT0FedIZJjsejl4n+encrgws1olKSSRHi+KEgZlDHMg4FDygmWbKoIwpyqv0I8RhxhqeLLQ7AWT14mvWbDOmtYd6f11lUZRxUcgRo4ARY4By1wC9qgCzB4BM/gFbxpT9qL9q59zFsrWjlzCP5A+/wB10eXHA==</latexit>

u =
⇥
F1 F2

⇤T

<latexit sha1_base64="BeCLQ+a5r1mQqt7Lk/el+aYo4S0="></latexit>

=

"
k2

@g
@x1

cos�� k2(g � ⇠) sin� @�
@x1

� k1 k2
@g
@x2

cos�� k2(g � ⇠) sin� @�
@x2

�d1 0

�k2
@g
@x1

cos(⇡4 � �)� k2(g � ⇠) sin(⇡4 � �) @�
@x1

�k2
@g
@x2

cos(⇡4 � �)� k2(g � ⇠) sin(⇡4 � �) @�
@x2

0 0

#
<latexit sha1_base64="p1NzrgaMjcRTfr0abBs30Vf3e8s=">AAACFXicbVDLSsNAFL3xWeMr6tLNYBFcSElE1I1QFMRlBfuAppTJdNIOnTyYmQg15Cfc+CtuXCjiVnDn3zhpA2rrgYHDOffeufd4MWdS2faXMTe/sLi0XFoxV9fWNzatre2GjBJBaJ1EPBItD0vKWUjriilOW7GgOPA4bXrDy9xv3lEhWRTeqlFMOwHuh8xnBCstda1D1xeYpG6MhWKYIzfAauD56VWW/Yj3GTpHpml2rbJdscdAs8QpSBkK1LrWp9uLSBLQUBGOpWw7dqw6aT6WcJqZbiJpjMkQ92lb0xAHVHbS8VUZ2tdKD/mR0C9UaKz+7khxIOUo8HRlvrSc9nLxP6+dKP+sk7IwThQNyeQjP+FIRSiPCPWYoETxkSaYCKZ3RWSAdUxKB5mH4EyfPEsaRxXnpOLcHJerF0UcJdiFPTgAB06hCtdQgzoQeIAneIFX49F4Nt6M90npnFH07MAfGB/fZ0+eRA==</latexit>

@F

@z
=

<latexit sha1_base64="68ZPbRPZtdAKuFjmJKtYVYmXtbs=">AAACFXicbVDLSsNAFL2prxpfUZduBovgQkoiom6EoiAuK9gHNKVMppN26OTBzEQoIT/hxl9x40IRt4I7/8ZJG1BbDwwczrn3zr3HizmTyra/jNLC4tLySnnVXFvf2NyytneaMkoEoQ0S8Ui0PSwpZyFtKKY4bceC4sDjtOWNrnK/dU+FZFF4p8Yx7QZ4EDKfEay01LOOXF9gkroxFophjtwAq6Hnp9dZ9iMmGbpApmn2rIpdtSdA88QpSAUK1HvWp9uPSBLQUBGOpew4dqy6aT6WcJqZbiJpjMkID2hH0xAHVHbTyVUZOtBKH/mR0C9UaKL+7khxIOU48HRlvrSc9XLxP6+TKP+8m7IwThQNyfQjP+FIRSiPCPWZoETxsSaYCKZ3RWSIdUxKB5mH4MyePE+ax1XntOrcnlRql0UcZdiDfTgEB86gBjdQhwYQeIAneIFX49F4Nt6M92lpySh6duEPjI9vX5iePw==</latexit>

@F

@u
=

<latexit sha1_base64="eA1wvVH4whIlJJvn3DyECHxuduA=">AAACGHicbVC7TsMwFHXKq4RXgJHFoqJiKglCwFjBwlgkWio1UeW4t61Vx4lsB1FF/QwWfoWFAYRYu/E3uG2EoOVIto7PuVe+94QJZ0q77pdVWFpeWV0rrtsbm1vbO87uXkPFqaRQpzGPZTMkCjgTUNdMc2gmEkgUcrgPB9cT//4BpGKxuNPDBIKI9ATrMkq0kdrOiR9Cj4ksjIiW7HGEPVzGLvZ9c5XNwwfR+TFt2247JbfiToEXiZeTEspRaztjvxPTNAKhKSdKtTw30UFGpGaUw8j2UwUJoQPSg5ahgkSggmy62AgfGaWDu7E0R2g8VX93ZCRSahiFptKM2Ffz3kT8z2ulunsZZEwkqQZBZx91U451jCcp4Q6TQDUfGkKoZGZWTPtEEqpNlpMQvPmVF0njtOKdV7zbs1L1Ko+jiA7QITpGHrpAVXSDaqiOKHpCL+gNvVvP1qv1YX3OSgtW3rOP/sAafwMK2p09</latexit>
1 0
0 1

�

<latexit sha1_base64="BsbU89AOguJFummjJT6BwtzCgvo=">AAACFHicbZDLSsNAFIYnXmu9RV26GSxCpdgmQdRl0Y3LCvYCTRom00k7dHJxZiItoQ/hxldx40IRty7c+TZO2yy09YeBn++cw5nzezGjQhrGt7a0vLK6tp7byG9ube/s6nv7DRElHJM6jljEWx4ShNGQ1CWVjLRiTlDgMdL0BteTevOBcEGj8E6OYuIEqBdSn2IkFXL1ki3uuUyL9pCeDl0TluDQtSozaI1POtaMdKyKNXb1glE2poKLxsxMAWSqufqX3Y1wEpBQYoaEaJtGLJ0UcUkxI+O8nQgSIzxAPdJWNkQBEU46PWoMjxXpQj/i6oUSTunviRQFQowCT3UGSPbFfG0C/6u1E+lfOikN40SSEM8W+QmDMoKThGCXcoIlGymDMKfqrxD3EUdYqhzzKgRz/uRF07DK5nnZvD0rVK+yOHLgEByBIjDBBaiCG1ADdYDBI3gGr+BNe9JetHftY9a6pGUzB+CPtM8f2+icKA==</latexit>q
(⇠ � x1 + x2/

p
2)2 + x2

2/2
<latexit sha1_base64="RtKOTngD9rifF7k3Gj1cs03x1l0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ae0oWy2m3TpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvSKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuBdRwKRRvo0DJe6nmNA4k7waT27nffeTaiEQ94DTlfkwjJULBKFqpO2iKKPIrw2rNrbsLkL/EK0gNCrSG1c/BKGFZzBUySY3pe26Kfk41Cib5rDLIDE8pm9CI9y1VNObGzxfnzsiZVUYkTLQthWSh/pzIaWzMNA5sZ0xxbFa9ufif188wvPFzodIMuWLLRWEmCSZk/jsZCc0ZyqkllGlhbyVsTDVlaBOah+CtvvyXdC7q3lXdu7+sNZpFHGU4gVM4Bw+uoQF30II2MJjAE7zAq5M6z86b875sLTnFzDH8gvPxDXppjwI=</latexit>#<latexit sha1_base64="OFT1QrjM7FBepu6eDXOWyf7v98g=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7AekoWy2m3TpZrPsboQS+iO8eFDEq7/Hm//GTZuDVh8MPN6bYWZeKDnTxnW/nMra+sbmVnW7trO7t39QPzzq6TRThHZJylM1CLGmnAnaNcxwOpCK4iTktB9Obwu//0iVZql4MDNJgwTHgkWMYGOl/rDN4tivjeoNt+kugP4SryQNKNEZ1T+H45RkCRWGcKy177nSBDlWhhFO57VhpqnEZIpj6lsqcEJ1kC/OnaMzq4xRlCpbwqCF+nMix4nWsyS0nQk2E73qFeJ/np+Z6CbImZCZoYIsF0UZRyZFxe9ozBQlhs8swUQxeysiE6wwMTahIgRv9eW/pHfR9K6a3v1lo9Uu46jCCZzCOXhwDS24gw50gcAUnuAFXh3pPDtvzvuyteKUM8fwC87HN3dfjwA=</latexit>"

<latexit sha1_base64="vqy2hewhAwaT2yQgQB0Vf5jcR+o=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByl/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgOIwyb1YZVGte3ZvDXSV+QWpQoDmofvWHiqYxk0gFMabnewkGGdHIqWCzSj81LCF0QkasZ6kkMTNBNo88c8+sMnQjpe2T6M7V3xsZiY2ZxqGdzCOaZS8X//N6KUY3QcZlkiKTdPFRlAoXlZvf7w65ZhTF1BJCNbdZXTommlC0LeUl+Msnr5L2Rd2/qvsPl7XGbVFHGU7gFM7Bh2towD00oQUUFDzDK7w56Lw4787HYrTkFDvH8AfO5w/J3ZDu</latexit>

0
<latexit sha1_base64="aogRUODmXTC1yzc0egwjmfrd+3w=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF71VsLaQlrLZbtqlm03YfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bIJHCoOt+O6WV1bX1jfJmZWt7Z3evun/waOJUM95isYx1J6CGS6F4CwVK3kk0p1EgeTsY3+R++4lrI2L1gJOE9yI6VCIUjKKV/G5EcRSE2d200q/W3Lo7A1kmXkFqUKDZr351BzFLI66QSWqM77kJ9jKqUTDJp5VuanhC2ZgOuW+pohE3vWwWeUpOrDIgYaztU0hm6u+NjEbGTKLATuYRzaKXi/95forhVS8TKkmRKzb/KEwlwZjk95OB0JyhnFhCmRY2K2EjqilD21Jegrd48jJ5PKt7F3Xv/rzWuC7qKMMRHMMpeHAJDbiFJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kD7/ORBw==</latexit>

I
<latexit sha1_base64="qsDcRLoEFT+YK7MLPDZFOUmA5FM=">AAACCnicbZDLSsNAFIZP6q3WW9Slm9EiuCqJiLoRim5cVrAXaEKZTCft0MmFmYlQQ9ZufBU3LhRx6xO4822ctAG19YeBj/+cMzPn92LOpLKsL6O0sLi0vFJeraytb2xumds7LRklgtAmiXgkOh6WlLOQNhVTnHZiQXHgcdr2Rld5vX1HhWRReKvGMXUDPAiZzwhW2uqZ+44vMEmdGAvFMEd+9sP3GbpAlZ5ZtWrWRGge7AKqUKjRMz+dfkSSgIaKcCxl17Zi5ab5pYTTrOIkksaYjPCAdjWGOKDSTSerZOhQO33kR0KfUKGJ+3sixYGU48DTnQFWQzlby83/at1E+eduysI4UTQk04f8hCMVoTwX1GeCEsXHGjARTP8VkSHW2SidXh6CPbvyPLSOa/Zpzb45qdYvizjKsAcHcAQ2nEEdrqEBTSDwAE/wAq/Go/FsvBnv09aSUczswh8ZH9+CRZoc</latexit>

@f

@z
=

<latexit sha1_base64="B44dIFVPVLjAp5MIYCFqlkSFl+A=">AAACSnicdVBLSwMxGMzW+lpfVY9egkXwYtkVUS+CKIgXQcHaQnct36bZNph9kGSFuuzv8+LJmz/CiwdFvJiti9pWBwLDzDfJl/FizqSyrCejNFGenJqemTXn5hcWlyrLK1cySgShdRLxSDQ9kJSzkNYVU5w2Y0Eh8DhteDfHud+4pUKyKLxU/Zi6AXRD5jMCSkvtCji+AJI6MQjFgGMnANXz/BSy7Ee8y/DBt3OWXadbdvZP7mQ4Z5pmu1K1atYAeJzYBamiAuftyqPTiUgS0FARDlK2bCtWbprfSTjNTCeRNAZyA13a0jSEgEo3HVSR4Q2tdLAfCX1ChQfq70QKgZT9wNOT+cZy1MvFv7xWovx9N2VhnCgakq+H/IRjFeG8V9xhghLF+5oAEUzvikkPdEdKt5+XYI9+eZxcbdfs3Zp9sVM9PCrqmEFraB1tIhvtoUN0is5RHRF0j57RK3ozHowX4934+BotGUVmFQ2hVP4E3gm0eQ==</latexit>

@a

@z
= M�1 @F

@z

<latexit sha1_base64="139Dpxq+FaqigY3rKpexToeVOrM=">AAACS3icdVDNS8MwHE2n01m/qh69BIfgxdGKqBdhKIgXYYL7gHWONEtnWJqWJBVG6f/nxYs3/wkvHhTxYLoVdZs+CDze+73kl+dFjEpl289GYW6+uLBYWjKXV1bX1q2NzYYMY4FJHYcsFC0PScIoJ3VFFSOtSBAUeIw0vcF55jfviZA05DdqGJFOgPqc+hQjpaWu5bm+QDhxIyQURQy6AVJ3np+gNP0R4xSefjtX6W2y76Twn+DFZNA0za5Vtiv2CHCWODkpgxy1rvXk9kIcB4QrzJCUbceOVCfJ7sSMpKYbSxIhPEB90taUo4DITjLqIoW7WulBPxT6cAVH6u9EggIph4GnJ7ON5bSXiX957Vj5J52E8ihWhOPxQ37MoAphVizsUUGwYkNNEBZU7wrxHdIdKV1/VoIz/eVZ0jioOEcV5/qwXD3L6yiBbbAD9oADjkEVXIIaqAMMHsALeAPvxqPxanwYn+PRgpFntsAECsUvPq20mQ==</latexit>

@a

@u
= M�1 @F

@u

<latexit sha1_base64="RtKOTngD9rifF7k3Gj1cs03x1l0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ae0oWy2m3TpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvSKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuBdRwKRRvo0DJe6nmNA4k7waT27nffeTaiEQ94DTlfkwjJULBKFqpO2iKKPIrw2rNrbsLkL/EK0gNCrSG1c/BKGFZzBUySY3pe26Kfk41Cib5rDLIDE8pm9CI9y1VNObGzxfnzsiZVUYkTLQthWSh/pzIaWzMNA5sZ0xxbFa9ufif188wvPFzodIMuWLLRWEmCSZk/jsZCc0ZyqkllGlhbyVsTDVlaBOah+CtvvyXdC7q3lXdu7+sNZpFHGU4gVM4Bw+uoQF30II2MJjAE7zAq5M6z86b875sLTnFzDH8gvPxDXppjwI=</latexit>#
<latexit sha1_base64="OFT1QrjM7FBepu6eDXOWyf7v98g=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7AekoWy2m3TpZrPsboQS+iO8eFDEq7/Hm//GTZuDVh8MPN6bYWZeKDnTxnW/nMra+sbmVnW7trO7t39QPzzq6TRThHZJylM1CLGmnAnaNcxwOpCK4iTktB9Obwu//0iVZql4MDNJgwTHgkWMYGOl/rDN4tivjeoNt+kugP4SryQNKNEZ1T+H45RkCRWGcKy177nSBDlWhhFO57VhpqnEZIpj6lsqcEJ1kC/OnaMzq4xRlCpbwqCF+nMix4nWsyS0nQk2E73qFeJ/np+Z6CbImZCZoYIsF0UZRyZFxe9ozBQlhs8swUQxeysiE6wwMTahIgRv9eW/pHfR9K6a3v1lo9Uu46jCCZzCOXhwDS24gw50gcAUnuAFXh3pPDtvzvuyteKUM8fwC87HN3dfjwA=</latexit>"

<latexit sha1_base64="g6XhLW8ugS4e8ayFgSLz6VdEo0o=">AAACDHicbVDLSgMxFL1TX3V8VV26CRbBVZkRUTdC0Y3LCvYB7VAyaaYNzWSGJCOUYT7Ajb/ixoUibv0Ad/6NmXZAbT0QOJxzbpJ7/JgzpR3nyyotLa+srpXX7Y3Nre2dyu5eS0WJJLRJIh7Jjo8V5UzQpmaa004sKQ59Ttv++Dr32/dUKhaJOz2JqRfioWABI1gbqV+p9gKJSdqLsdQMcxRkPzzJ0CWybduknJozBVokbkGqUKDRr3z2BhFJQio04VipruvE2kvzawmnmd1LFI0xGeMh7RoqcEiVl06XydCRUQYoiKQ5QqOp+nsixaFSk9A3yRDrkZr3cvE/r5vo4MJLmYgTTQWZPRQkHOkI5c2gAZOUaD4xBBPJzF8RGWHTjjb95SW48ysvktZJzT2ruben1fpVUUcZDuAQjsGFc6jDDTSgCQQe4Ale4NV6tJ6tN+t9Fi1Zxcw+/IH18Q37spo/</latexit>

@f

@u
=

<latexit sha1_base64="vqy2hewhAwaT2yQgQB0Vf5jcR+o=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByl/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgOIwyb1YZVGte3ZvDXSV+QWpQoDmofvWHiqYxk0gFMabnewkGGdHIqWCzSj81LCF0QkasZ6kkMTNBNo88c8+sMnQjpe2T6M7V3xsZiY2ZxqGdzCOaZS8X//N6KUY3QcZlkiKTdPFRlAoXlZvf7w65ZhTF1BJCNbdZXTommlC0LeUl+Msnr5L2Rd2/qvsPl7XGbVFHGU7gFM7Bh2towD00oQUUFDzDK7w56Lw4787HYrTkFDvH8AfO5w/J3ZDu</latexit>

0



RLC Circuits - Circuit 1

sum of voltage 
around a loop = 0

sum of currents 
into a node = 0

States: 

Current thru inductor 1

Charge on capacitor 1
<latexit sha1_base64="GwQY8IrZBhjRTNFGMDj00NYSjww=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi4KHCvYD2hA222m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0wE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxaodUo+ASG4Ybge1EIY1Cga1wdDP1W0+oNI/loxkn6Ed0IHmfM2qs1LoLsvvAmwTlilt1ZyDLxMtJBXLUg/JXtxezNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZuRNyYpUe6cfKljRkpv6eyGik9TgKbWdEzVAvelPxP6+Tmv6Vn3GZpAYlmy/qp4KYmEx/Jz2ukBkxtoQyxe2thA2poszYhEo2BG/x5WXSPKt6F1Xv4bxSu87jKMIRHMMpeHAJNbiFOjSAwQie4RXenMR5cd6dj3lrwclnDuEPnM8f20OPQg==</latexit>

IL1

<latexit sha1_base64="cQKE2deI+EArpWLpyjisGP4lUug=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOxF48t2A9oQ9hst+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1LDpVC8hQIl7yaa0yiUvBNO6nO/88S1EbF6xGnC/YiOlBgKRtFKnWaQ1QNvFpQrbtVdgKwTLycVyNEIyl/9QczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOyMXVhmQYaxtKSQL9fdERiNjplFoOyOKY7PqzcX/vF6Kwzs/EypJkSu2XDRMJcGYzH8nA6E5Qzm1hDIt7K2EjammDG1CJRuCt/ryOmlfVb2bqte8rtTu8ziKcAbncAke3EINHqABLWAwgWd4hTcncV6cd+dj2Vpw8plT+APn8wfZ1I9B</latexit>

QC1

KVL/KCL Equations:

Derivations

Dynamics

RLC Circuits
… one state per object with dynamics

Inductor state:  current

Capacitor state:  charge or voltage …analogous 
to position 

…analogous 
to velocity

 (proportional)

States:

SECOND ORDER SYSTEMS (2nd order 
derivatives)

KVL:

KCL

Graph Relations:Dynamics:
<latexit sha1_base64="iclc2bJBHFz6AyA5ZOOt0qHOdbc=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9gVUS9CMBe9JWAekCzL7GSSDJl9MNMbCEv+xIsHRbz6J978GyfJHjRa0FBUdc90V5BIodFxvqzC2vrG5lZxu7Szu7d/YB8etXScKsabLJax6gRUcyki3kSBkncSxWkYSN4OxrW5355wpUUcPeI04V5Ih5EYCEbRSL5t9/oxZo2ZXyO3hDz4Nd8uOxVnAfKXuDkpQ466b3+aJ1ga8giZpFp3XSdBL6MKBZN8VuqlmieUjemQdw2NaMi1ly02n5Ezo/TJIFamIiQL9edERkOtp2FgOkOKI73qzcX/vG6KgxsvE1GSIo/Y8qNBKgnGZB4D6QvFGcqpIZQpYXYlbEQVZWjCKpkQ3NWT/5LWRcW9qriNy3L1Lo+jCCdwCufgwjVU4R7q0AQGE3iCF3i1MuvZerPel60FK585hl+wPr4BtZeSZw==</latexit>

Q̇C = IC
<latexit sha1_base64="kvZAs6fBEpRp6l5/fgKvNkhP9lc=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1I1QdKPQRQX7gDaEyXTSDp1MwsxEKbGf4saFIm79Enf+jdM2C60euHA4596Ze0+QcKa043xZhaXlldW14nppY3Nre8cu77ZUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYyupn77nkrFYnGnxwn1IjwQLGQEayP5drne68c6u5n4dXSBUMuv+3bFqTozoL/EzUkFcjR8+9M8QdKICk04VqrrOon2Miw1I5xOSr1U0QSTER7QrqECR1R52Wz1CTo0Sh+FsTQlNJqpPycyHCk1jgLTGWE9VIveVPzP66Y6PPcyJpJUU0HmH4UpRzpG0xxQn0lKNB8bgolkZldEhlhiok1aJROCu3jyX9I6rrqnVff2pFK7zOMowj4cwBG4cAY1uIYGNIHAAzzBC7xaj9az9Wa9z1sLVj6zB79gfXwDdZyS1A==</latexit>

LİL = VL

Elements:

<latexit sha1_base64="yzPFYhDZ+YUmrxE6LHXKLrdsBlQ=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqBuh6EZ3tdgHTIeSSTNtaCYZkoxQhn6GGxeKuPVr3Pk3pu0stPVAyOGce7n3njDhTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKVlqghtEsml6oRYU84EbRpmOO0kiuI45LQdjm6nfvuJKs2keDTjhAYxHggWMYKNlfxWr4GuUePefr1yxa26M6Bl4uWkAjnqvfJXty9JGlNhCMda+56bmCDDyjDC6aTUTTVNMBnhAfUtFTimOshmK0/QiVX6KJLKPmHQTP3dkeFY63Ec2soYm6Fe9Kbif56fmugqyJhIUkMFmQ+KUo6MRNP7UZ8pSgwfW4KJYnZXRIZYYWJsSiUbgrd48jJpnVW9i6r3cF6p3eRxFOEIjuEUPLiEGtxBHZpAQMIzvMKbY5wX5935mJcWnLznEP7A+fwBJxGP3g==</latexit>

VR = RIR
<latexit sha1_base64="65yLYnn4RXaXj3LJxmgpITwKqpw=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqsyIqBuh6Eahiwr2Ae0wZNJMG5rJDMkdpYz9FDcuFHHrl7jzb0zbWWj1QODknHvIzQkSwTU4zpdVWFpeWV0rrpc2Nre2d+zybkvHqaKsSWMRq05ANBNcsiZwEKyTKEaiQLB2MLqa+u17pjSP5R2ME+ZFZCB5yCkBI/l2ueXX8QWu9/oxZDcTc/HtilN1ZsB/iZuTCsrR8O1PE6ZpxCRQQbTuuk4CXkYUcCrYpNRLNUsIHZEB6xoqScS0l81Wn+BDo/RxGCtzJOCZ+jORkUjrcRSYyYjAUC96U/E/r5tCeO5lXCYpMEnnD4WpwBDjaQ+4zxWjIMaGEKq42RXTIVGEgmmrZEpwF7/8l7SOq+5p1b09qdQu8zqKaB8doCPkojNUQ9eogZqIogf0hF7Qq/VoPVtv1vt8tGDlmT30C9bHN2+TktQ=</latexit>

VL = LİL

<latexit sha1_base64="wt1BL/QBIeAhMplX0UIqxESMHtI=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbyma7bZduNnF3Uiwhv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLYikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJko043UWyUi3Amq4FIrXUaDkrVhzGgaSN4PR7dRvjrk2IlIPOIm5H9KBEn3BKFrJb3TTDvInTIXKsm6p7FbcGcgy8XJShhy1bumr04tYEnKFTFJj2p4bo59SjYJJnhU7ieExZSM64G1LFQ258dPZ0Rk5tUqP9CNtSyGZqb8nUhoaMwkD2xlSHJpFbyr+57UT7F/79qE4Qa7YfFE/kQQjMk2A9ITmDOXEEsq0sLcSNqSaMrQ5FW0I3uLLy6RxXvEuK979Rbl6k8dRgGM4gTPw4AqqcAc1qAODR3iGV3hzxs6L8+58zFtXnHzmCP7A+fwBkC2Snw==</latexit>

Vin

<latexit sha1_base64="GT4xpmrEdwiJRKE0MQZQRCmlpEc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF49VrC20S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLK6tr6RnmzsrW9s7tX3T94NHGqKWvRWMS6ExLDBFesZbkVrJNoRmQoWDsc3+R++4lpw2P1YCcJCyQZKh5xSmwu3fcx6ldrft2fAS0TXJAaFGj2q1+9QUxTyZSlghjTxX5ig4xoy6lg00ovNSwhdEyGrOuoIpKZIJvdOkUnThmgKNaulEUz9fdERqQxExm6TknsyCx6ufif101tdBVkXCWpZYrOF0WpQDZG+eNowDWjVkwcIVRzdyuiI6IJtS6eigsBL768TB7P6viiju/Oa43rIo4yHMExnAKGS2jALTShBRRG8Ayv8OZJ78V79z7mrSWvmDmEP/A+fwAqDo2q</latexit>

R1

<latexit sha1_base64="iVav0SD6ukt3cxLAPZSfMj3b8So=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6jHoxWN85AHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh/tetVcquxV3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns1Ak5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06RRuCt/jyMmlWK95Fxbs7L9eu8zgKcAwncAYeXEINbqEODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wfVOY2B</latexit>

R2

<latexit sha1_base64="3upFwxL218QtWxlQN4/2WM1PrnQ=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoY2ER0XxAcoS9zVyyZG/v2N0TwpGfYGOhiK2/yM5/4ya5QhMfDDzem2FmXpAIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Gbqt55QaR7LRzNO0I/oQPKQM2qs9HDX83rlilt1ZyDLxMtJBXLUe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezUyfkxCp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDKz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2nZINwVt8eZk0z6reRdW7P6/UrvM4inAEx3AKHlxCDW6hDg1gMIBneIU3RzgvzrvzMW8tOPnMIfyB8/kDypGNeg==</latexit>

L1

<latexit sha1_base64="/9/jGZ0vlRZWqdyEx+VyF790KTY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOxF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7G9ZnffuLaiFg94iThfkSHSoSCUbTSQ73v9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MbPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqndV9e4vK7XbPI4inMApnIMH11CDO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gC8241x</latexit>

C1+

-

KVL

KCL

<latexit sha1_base64="oMgJF0Cs7xKBZ/t/ajBXxWnmiQk=">AAAB8XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQzMVjC/YD2xA22027dLMJuxuhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq3S2vrG5lZ5u7Kzu7d/YB8etVWSSUJbJOGJ7IZYUc4EbWmmOe2mkuI45LQTjr2Z33miUrFEPOhJSv0YDwWLGMHaSI/NwEO3yGsHXmBXnZozB1olbkGqUKAR2F/9QUKymApNOFaq5zqp9nMsNSOcTiv9TNEUkzEe0p6hAsdU+fn84ik6M8oARYk0JTSaq78nchwrNYlD0xljPVLL3kz8z+tlOrrxcybSTFNBFouijCOdoNn7aMAkJZpPDMFEMnMrIiMsMdEmpIoJwV1+eZW0L2ruVc1tXlbrd0UcZTiBUzgHF66hDvfQgBYQEPAMr/BmKevFerc+Fq0lq5g5hj+wPn8Alf+Pjw==</latexit>

QC = CVC

<latexit sha1_base64="J+8vkup9hhObSC5GxEHFFGihNto=">AAACBHicbZC7SgNBFIbPxluMt1XLNINBsAq7QdRGCKaxsIhiLpAsy+xkkgyZnV1mZoWwpLDxVWwsFLH1Iex8GyfJFpr4w8DHf87hzPmDmDOlHefbyq2srq1v5DcLW9s7u3v2/kFTRYkktEEiHsl2gBXlTNCGZprTdiwpDgNOW8GoNq23HqhULBL3ehxTL8QDwfqMYG0s3y42/fTOr0zQJTJU892Mbgz5dskpOzOhZXAzKEGmum9/dXsRSUIqNOFYqY7rxNpLsdSMcDopdBNFY0xGeEA7BgUOqfLS2RETdGycHupH0jyh0cz9PZHiUKlxGJjOEOuhWqxNzf9qnUT3L7yUiTjRVJD5on7CkY7QNBHUY5ISzccGMJHM/BWRIZaYaJNbwYTgLp68DM1K2T0ru7enpepVFkceinAEJ+DCOVThGurQAAKP8Ayv8GY9WS/Wu/Uxb81Z2cwh/JH1+QPcu5ZS</latexit>

VR2 = VC1 = VL1

<latexit sha1_base64="6ME4zZARwCW7iHMpYY8KM9CgBc8=">AAACCXicbVDLSgMxFM34rPU16tJNsAiCUGaKqBuh6MZlFfuAdhgyadqGZh4kd8QyzNaNv+LGhSJu/QN3/o2Z6Sy09ULIyTn3cnOOFwmuwLK+jYXFpeWV1dJaeX1jc2vb3NltqTCWlDVpKELZ8YhiggesCRwE60SSEd8TrO2NrzK9fc+k4mFwB5OIOT4ZBnzAKQFNuSZuuUkP2AMkPEhTfJG9b107Pc7vWopds2JVrbzwPLALUEFFNVzzq9cPaeyzAKggSnVtKwInIRI4FSwt92LFIkLHZMi6GgbEZ8pJcicpPtRMHw9CqU8AOGd/TyTEV2rie7rTJzBSs1pG/qd1YxicO9pjFAML6HTRIBYYQpzFgvtcMgpiogGhkuu/YjoiklDQ4ZV1CPas5XnQqlXt06p9c1KpXxZxlNA+OkBHyEZnqI6uUQM1EUWP6Bm9ojfjyXgx3o2PaeuCUczsoT9lfP4AWh6ZdQ==</latexit>

Vin = VR1 + VR2

<latexit sha1_base64="Fxpxtf5SabgcTqNZtgVnTSNh1Dc=">AAACDnicbZDLSsNAFIYn9VbrLerSzWApCEJJiqgbodiNgosq9gJtCJPptB06mYSZiVBCnsCNr+LGhSJuXbvzbZykWWjrDwMf/zmHM+f3Qkalsqxvo7C0vLK6VlwvbWxube+Yu3ttGUQCkxYOWCC6HpKEUU5aiipGuqEgyPcY6XiTRlrvPBAhacDv1TQkjo9GnA4pRkpbrlm5duM7107gBcyolsDjlBqpl9GNJtcsW1UrE1wEO4cyyNV0za/+IMCRT7jCDEnZs61QOTESimJGklI/kiREeIJGpKeRI59IJ87OSWBFOwM4DIR+XMHM/T0RI1/Kqe/pTh+psZyvpeZ/tV6khudOTHkYKcLxbNEwYlAFMM0GDqggWLGpBoQF1X+FeIwEwkonWNIh2PMnL0K7VrVPq/btSbl+mcdRBAfgEBwBG5yBOrgCTdACGDyCZ/AK3own48V4Nz5mrQUjn9kHf2R8/gDGa5lq</latexit>

IR1 = IR2 + IC1 + IL1

<latexit sha1_base64="W69W3UiDIx0YPLZ/UcGtUwh0LNs="></latexit>

Q̇C1 =
Vin

R1
� QC1

R1C1
� QC1

R2C1
� IL1

<latexit sha1_base64="aIkexsETgDaFw4JCJQ2XEwhKUoo=">AAACD3icbVDLSgMxFM3UV62vUZdugkVxVWZE1I1Q7EbBRQv2AW0ZMmmmDc1khiQjlDB/4MZfceNCEbdu3fk3ZtpZaOuBwMk5997kHj9mVCrH+bYKS8srq2vF9dLG5tb2jr2715JRIjBp4ohFouMjSRjlpKmoYqQTC4JCn5G2P65lfvuBCEkjfq8mMemHaMhpQDFSRvLs494gUvo29fSd56bwCvYCgbBueLpm7mmmZsSzy07FmQIuEjcnZZCj7tlfZjBOQsIVZkjKruvEqq+RUBQzkpZ6iSQxwmM0JF1DOQqJ7OvpPik8MsoABpEwhys4VX93aBRKOQl9UxkiNZLzXib+53UTFVz2NeVxogjHs4eChEEVwSwcOKCCYMUmhiAsqPkrxCNkAlEmwpIJwZ1feZG0TivuecVtnJWr13kcRXAADsEJcMEFqIIbUAdNgMEjeAav4M16sl6sd+tjVlqw8p598AfW5w+6LpvT</latexit>

İL1 =
QC1

L1C1

State 
Space

<latexit sha1_base64="NpvMVmxeV7kEp0APEE6T1AO/86w=">AAACI3icbVDLSgMxFM3UV62vqks3wSK4KjMiKq6K3Si4aME+oDMMmfS2Dc1khiQjlqH/4sZfceNCKW5c+C+m0yJavRA459xH7j1BzJnStv1h5ZaWV1bX8uuFjc2t7Z3i7l5TRYmk0KARj2Q7IAo4E9DQTHNoxxJIGHBoBcPqNN+6B6lYJO70KAYvJH3BeowSbSS/eOkG0GciDUKiJXsYY7cbaVz306rvGOLO+I2f3mYcRPe71C+W7LKdBf4LnDkooXnU/OLEDKNJCEJTTpTqOHasvZRIzSiHccFNFMSEDkkfOgYKEoLy0uzGMT4yShf3Imme0DhTf3akJFRqFAam0uw3UIu5qfhfrpPo3oWXMhEnGgSdfdRLONYRnhqGu0wC1XxkAKGSmV0xHRBJqDa2FowJzuLJf0HzpOyclZ36aalyNbcjjw7QITpGDjpHFXSNaqiBKHpEz+gVvVlP1os1sd5npTlr3rOPfoX1+QX66aR8</latexit>
Q̇C1

İL1

� <latexit sha1_base64="JVCHRTMXsMN+Z+QPcexMMscsE5k="></latexit>
� 1

R1C1
� 1

R2C1
�1

1
L1C1

0

� <latexit sha1_base64="yznrSZt0ExrIOE08NkT2QVuCQPQ=">AAACGXicbVDLSgMxFM3UV62vUZdugkVwVWZE1GWxGwUXLdgHdIYhk962oZnMkGTEMvQ33Pgrblwo4lJX/o3pA9HWA4HDOeeSe0+YcKa043xZuaXlldW1/HphY3Nre8fe3WuoOJUU6jTmsWyFRAFnAuqaaQ6tRAKJQg7NcFAZ+807kIrF4lYPE/Aj0hOsyyjRRgpsxwuhx0QWRkRLdj/CtSCrBO4Iex6+DrKbCQXR+QkEdtEpORPgReLOSBHNUA3sD68T0zQCoSknSrVdJ9F+RqRmlMOo4KUKEkIHpAdtQwWJQPnZ5LIRPjJKB3djaZ7QeKL+nshIpNQwCk3S7NdX895Y/M9rp7p74WdMJKkGQacfdVOOdYzHNeEOk0A1HxpCqGRmV0z7RBKqTZkFU4I7f/IiaZyU3LOSWzstli9ndeTRATpEx8hF56iMrlAV1RFFD+gJvaBX69F6tt6s92k0Z81m9tEfWJ/fbZugkg==</latexit>
QC1

IL1

�
<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+
<latexit sha1_base64="8y317yJsPqzhPzCi/geNJMOcBG0=">AAACGnicbVDLSgNBEJz1GeMr6tHLYBA8hR0R9Rj04jGKeUB2WWYnvcmQ2dllZlYMS77Di7/ixYMi3sSLf+PkgWhiQUNR1U13V5gKro3rfjkLi0vLK6uFteL6xubWdmlnt6GTTDGos0QkqhVSDYJLqBtuBLRSBTQOBTTD/uXIb96B0jyRt2aQgh/TruQRZ9RYKSgRL4Qul3kYU6P4/bDoRYqynAzzm4AMsedhFxc9kJ2fjqBUdivuGHiekCkpoylqQenD6yQsi0EaJqjWbeKmxs+pMpwJsBszDSllfdqFtqWSxqD9fPzaEB9apYOjRNmSBo/V3xM5jbUexKHttPf19Kw3Ev/z2pmJzv2cyzQzINlkUZQJbBI8ygl3uAJmxMASyhS3t2LWozYbY9Ms2hDI7MvzpHFcIacVcn1Srl5M4yigfXSAjhBBZ6iKrlAN1RFDD+gJvaBX59F5dt6c90nrgjOd2UN/4Hx+A+RYoMQ=</latexit> 1
R1

0

�
<latexit sha1_base64="wt1BL/QBIeAhMplX0UIqxESMHtI=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbyma7bZduNnF3Uiwhv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLYikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJko043UWyUi3Amq4FIrXUaDkrVhzGgaSN4PR7dRvjrk2IlIPOIm5H9KBEn3BKFrJb3TTDvInTIXKsm6p7FbcGcgy8XJShhy1bumr04tYEnKFTFJj2p4bo59SjYJJnhU7ieExZSM64G1LFQ258dPZ0Rk5tUqP9CNtSyGZqb8nUhoaMwkD2xlSHJpFbyr+57UT7F/79qE4Qa7YfFE/kQQjMk2A9ITmDOXEEsq0sLcSNqSaMrQ5FW0I3uLLy6RxXvEuK979Rbl6k8dRgGM4gTPw4AqqcAc1qAODR3iGV3hzxs6L8+58zFtXnHzmCP7A+fwBkC2Snw==</latexit>

Vin

<latexit sha1_base64="ucyiMpPRyc29ucod9Q3A2/FtT5I=">AAACInicbZBLS8NAEMc39VXrK+rRy2IRPJVExMdBKPai0EML9gFtCJvtpl262YTdjVBCPosXv4oXD4p6EvwwbpMeauvALj/+M8PM/L2IUaks69sorKyurW8UN0tb2zu7e+b+QVuGscCkhUMWiq6HJGGUk5aiipFuJAgKPEY63rg2zXceiZA05A9qEhEnQENOfYqR0pJrXtf7g1Al96mb1F07hTewPU+1nGDfFwgnzVxIs981y1bFygIugz2DMphFwzU/9SgcB4QrzJCUPduKlJMgoShmJC31Y0kihMdoSHoaOQqIdJLsxBSeaGUA/VDoxxXM1PmOBAVSTgJPVwZIjeRibir+l+vFyr9yEsqjWBGO80F+zKAK4dQvOKCCYMUmGhAWVO8K8QhpN5R2taRNsBdPXob2WcW+qNjN83L1dmZHERyBY3AKbHAJquAONEALYPAEXsAbeDeejVfjw/jKSwvGrOcQ/Anj5xcKx6Ik</latexit>

LİL1 = VL1 = VC1 =
QC1

C1

<latexit sha1_base64="DaSDOc+V7KETT1wXw7+RYFcuWGU=">AAACGnicbVDLSgMxFM34rPU16tJNsAiCUGZE1I1Q7EZ3rdgHdMqQSTNtaOZBckcsw3yHG3/FjQtF3Ikb/8Z02oW2Hkhycs69JPd4seAKLOvbWFhcWl5ZLawV1zc2t7bNnd2mihJJWYNGIpJtjygmeMgawEGwdiwZCTzBWt6wOvZb90wqHoV3MIpZNyD9kPucEtCSa9pNN3WAPUDKwyzDl/jWtfGNm+ojw8fY8SWhad1Nq/qe5btrlqyylQPPE3tKSmiKmmt+Or2IJgELgQqiVMe2YuimRAKngmVFJ1EsJnRI+qyjaUgCprppPlqGD7XSw34k9QoB5+rvjpQESo0CT1cGBAZq1huL/3mdBPyLrh46ToCFdPKQnwgMER7nhHtcMgpipAmhkuu/YjogOg3QaRZ1CPbsyPOkeVK2z8p2/bRUuZrGUUD76AAdIRudowq6RjXUQBQ9omf0it6MJ+PFeDc+JqULxrRnD/2B8fUDaiSf2g==</latexit>

Vin = R1IR1 +
QC1

C1

<latexit sha1_base64="vCI1vRjRELK7Vg42WLUG5Z07a9A=">AAACJXicbVDLSgMxFM3UV62vqks3wSK4scyIqAuFYje6a8U+oC1DJs20oZkHyR2xDPMzbvwVNy4sIrjyV8x0utDWA4GTc+4lOccJBVdgml9Gbml5ZXUtv17Y2Nza3inu7jVVEEnKGjQQgWw7RDHBfdYADoK1Q8mI5wjWckbV1G89Mql44D/AOGQ9jwx87nJKQEt28erOju9tK8HXuOtKQuOmHXeBPUHM/SRJMu8ks+p2XNXXqZgSbBdLZtmcAi8Sa0ZKaIaaXZx0+wGNPOYDFUSpjmWG0IuJBE4FSwrdSLGQ0BEZsI6mPvGY6sXTlAk+0kofu4HUxwc8VX9vxMRTauw5etIjMFTzXir+53UicC97Om8YAfNp9pAbCQwBTivDfS4ZBTHWhFDJ9V8xHRLdCOhiC7oEaz7yImmelq3zslU/K1VuZnXk0QE6RMfIQheogm5RDTUQRc/oFb2jifFivBkfxmc2mjNmO/voD4zvHwVcpPQ=</latexit>

IR1 =
Vin

R1
� QC1

R1C1

<latexit sha1_base64="KfIrMonayezXHOOksujwapMvXLY=">AAACCnicbZC7SgNBFIbPxluMt1VLm9EgWIXdIGojBNNol4hJhCQss5PZZMjshZlZISxb2/gqNhaK2PoEdr6Ns8kWmvjDwMd/zuHM+d2IM6ks69soLC2vrK4V10sbm1vbO+buXluGsSC0RUIeinsXS8pZQFuKKU7vI0Gx73Laccf1rN55oEKyMLhTk4j2fTwMmMcIVtpyzMMbJ7l1qim6RD1PYJI0naTu2GmauRkgxyxbFWsqtAh2DmXI1XDMr94gJLFPA0U4lrJrW5HqJ1goRjhNS71Y0giTMR7SrsYA+1T2k+kpKTrWzgB5odAvUGjq/p5IsC/lxHd1p4/VSM7XMvO/WjdW3kU/YUEUKxqQ2SIv5kiFKMsFDZigRPGJBkwE039FZIR1IkqnV9Ih2PMnL0K7WrHPKnbztFy7yuMowgEcwQnYcA41uIYGtIDAIzzDK7wZT8aL8W58zFoLRj6zD39kfP4ABSaZNA==</latexit>

IR2 =
QC1

R2C1

<latexit sha1_base64="n7b22BJmynRsvnOwbK7HbGybAqQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cq9gPaUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo14w2mpNLtgBouRcwbKFDydqI5jQLJW8HoZuq3Hrk2QsUPOE64H9FBLELBKFqp070XgyFSrdVTr1xxq+4MZJl4OalAjnqv/NXtK5ZGPEYmqTEdz03Qz6hGwSSflLqp4QllIzrgHUtjGnHjZ7OTJ+TEKn0SKm0rRjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvmZiJMUeczmi8JUElRk+j/pC80ZyrEllGlhbyVsSDVlaFMq2RC8xZeXSfOs6l1UvbvzSu06j6MIR3AMp+DBJdTgFurQAAYKnuEV3hx0Xpx352PeWnDymUP4A+fzB5MTkXM=</latexit>)

<latexit sha1_base64="n7b22BJmynRsvnOwbK7HbGybAqQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cq9gPaUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo14w2mpNLtgBouRcwbKFDydqI5jQLJW8HoZuq3Hrk2QsUPOE64H9FBLELBKFqp070XgyFSrdVTr1xxq+4MZJl4OalAjnqv/NXtK5ZGPEYmqTEdz03Qz6hGwSSflLqp4QllIzrgHUtjGnHjZ7OTJ+TEKn0SKm0rRjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvmZiJMUeczmi8JUElRk+j/pC80ZyrEllGlhbyVsSDVlaFMq2RC8xZeXSfOs6l1UvbvzSu06j6MIR3AMp+DBJdTgFurQAAYKnuEV3hx0Xpx352PeWnDymUP4A+fzB5MTkXM=</latexit>)
<latexit sha1_base64="2/7CcO2uwR8cj0N3uHGvu2XEGAw=">AAACCnicbVC7TsMwFL0pr1JeAUYWQ4XEVCUVAhakii6wtYi2SG0VOa7TWnUesh2kKsrMwq+wMIAQK1/Axt/gphmg5Uj2PTrnXtn3uBFnUlnWt1FYWl5ZXSuulzY2t7Z3zN29tgxjQWiLhDwU9y6WlLOAthRTnN5HgmLf5bTjjutTv/NAhWRhcKcmEe37eBgwjxGstOSYh7dOFd04iS4pukQ9T2CSNJ2k7thpmt2OWbYqVga0SOyclCFHwzG/eoOQxD4NFOFYyq5tRaqfYKEY4TQt9WJJI0zGeEi7mgbYp7KfZKuk6FgrA+SFQp9AoUz9PZFgX8qJ7+pOH6uRnPem4n9eN1beRT9hQRQrGpDZQ17MkQrRNBc0YIISxSeaYCKY/isiI6zTUDq9kg7Bnl95kbSrFfusYjdPy7WrPI4iHMARnIAN51CDa2hACwg8wjO8wpvxZLwY78bHrLVg5DP78AfG5w/5+pk0</latexit>

R2IR2 =
QC1

C1

Inductor dynamics 
(in terms of states…) 

Capacitor dynamics 
(in terms of states…) 

since…

<latexit sha1_base64="Rm7h0cMDT6sgltAWHBq3ZLIFbYY=">AAACDnicbZC7SgNBFIbPxluMt1VLm8EQsDHsBlEbIZhGwSKKuUCyLLOTSTJk9sLMrBCWPIGNr2JjoYittZ1v42yyhSb+MPDxn3M4c34v4kwqy/o2ckvLK6tr+fXCxubW9o65u9eUYSwIbZCQh6LtYUk5C2hDMcVpOxIU+x6nLW9US+utByokC4N7NY6o4+NBwPqMYKUt1yxdu0nNtSfoAmm6S+l4RpWMbrTnmkWrbE2FFsHOoAiZ6q751e2FJPZpoAjHUnZsK1JOgoVihNNJoRtLGmEywgPa0Rhgn0onmZ4zQSXt9FA/FPoFCk3d3xMJ9qUc+57u9LEayvlaav5X68Sqf+4kLIhiRQMyW9SPOVIhSrNBPSYoUXysARPB9F8RGWKBidIJFnQI9vzJi9CslO3Tsn17UqxeZnHk4QAO4QhsOIMqXEEdGkDgEZ7hFd6MJ+PFeDc+Zq05I5vZhz8yPn8Ay3mZbg==</latexit>

IC1 = IR1 � IR2 � IL1

<latexit sha1_base64="Xkxe44Uu0ONWaXJwiPaRmMJmwdY="></latexit>

=
Vin

R1
� QC1

R1C1
� QC1

R2C1
� IL1

<latexit sha1_base64="c0xFmvZnpKaaI9esixPVvFFt5xU=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBU9gVUS9CMBePCZgHJMsyO5kkQ2YfzPQKccmXePGgiFc/xZt/4yTZgyYWNBRV3TPdFSRSaHScb2ttfWNza7uwU9zd2z8o2YdHLR2nivEmi2WsOgHVXIqIN1Gg5J1EcRoGkreDcW3mtx+50iKOHnCScC+kw0gMBKNoJN8u9foxkoaf1Xx3Sm6Jb5edijMHWSVuTsqQo+7bX+YFloY8Qiap1l3XSdDLqELBJJ8We6nmCWVjOuRdQyMacu1l88Wn5MwofTKIlakIyVz9PZHRUOtJGJjOkOJIL3sz8T+vm+LgxstElKTII7b4aJBKgjGZpUD6QnGGcmIIZUqYXQkbUUUZmqyKJgR3+eRV0rqouFcVt3FZrt7lcRTgBE7hHFy4hircQx2awCCFZ3iFN+vJerHerY9F65qVzxzDH1ifPwAVkgI=</latexit>

Q̇C1 =



RLC Circuits - Circuit 1

sum of voltage 
around a loop = 0

sum of currents 
into a node = 0

States: 

Current thru inductor 1

Charge on capacitor 1
<latexit sha1_base64="GwQY8IrZBhjRTNFGMDj00NYSjww=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi4KHCvYD2hA222m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0wE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxaodUo+ASG4Ybge1EIY1Cga1wdDP1W0+oNI/loxkn6Ed0IHmfM2qs1LoLsvvAmwTlilt1ZyDLxMtJBXLUg/JXtxezNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZuRNyYpUe6cfKljRkpv6eyGik9TgKbWdEzVAvelPxP6+Tmv6Vn3GZpAYlmy/qp4KYmEx/Jz2ukBkxtoQyxe2thA2poszYhEo2BG/x5WXSPKt6F1Xv4bxSu87jKMIRHMMpeHAJNbiFOjSAwQie4RXenMR5cd6dj3lrwclnDuEPnM8f20OPQg==</latexit>

IL1

<latexit sha1_base64="cQKE2deI+EArpWLpyjisGP4lUug=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOxF48t2A9oQ9hst+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1LDpVC8hQIl7yaa0yiUvBNO6nO/88S1EbF6xGnC/YiOlBgKRtFKnWaQ1QNvFpQrbtVdgKwTLycVyNEIyl/9QczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOyMXVhmQYaxtKSQL9fdERiNjplFoOyOKY7PqzcX/vF6Kwzs/EypJkSu2XDRMJcGYzH8nA6E5Qzm1hDIt7K2EjammDG1CJRuCt/ryOmlfVb2bqte8rtTu8ziKcAbncAke3EINHqABLWAwgWd4hTcncV6cd+dj2Vpw8plT+APn8wfZ1I9B</latexit>

QC1

KVL/KCL Equations:

Derivations

Dynamics

RLC Circuits
… one state per object with dynamics

Inductor state:  current

Capacitor state:  charge or voltage …analogous 
to position 

…analogous 
to velocity

 (proportional)

States:

SECOND ORDER SYSTEMS (2nd order 
derivatives)

KVL:

KCL

Graph Relations:Dynamics:
<latexit sha1_base64="iclc2bJBHFz6AyA5ZOOt0qHOdbc=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9gVUS9CMBe9JWAekCzL7GSSDJl9MNMbCEv+xIsHRbz6J978GyfJHjRa0FBUdc90V5BIodFxvqzC2vrG5lZxu7Szu7d/YB8etXScKsabLJax6gRUcyki3kSBkncSxWkYSN4OxrW5355wpUUcPeI04V5Ih5EYCEbRSL5t9/oxZo2ZXyO3hDz4Nd8uOxVnAfKXuDkpQ466b3+aJ1ga8giZpFp3XSdBL6MKBZN8VuqlmieUjemQdw2NaMi1ly02n5Ezo/TJIFamIiQL9edERkOtp2FgOkOKI73qzcX/vG6KgxsvE1GSIo/Y8qNBKgnGZB4D6QvFGcqpIZQpYXYlbEQVZWjCKpkQ3NWT/5LWRcW9qriNy3L1Lo+jCCdwCufgwjVU4R7q0AQGE3iCF3i1MuvZerPel60FK585hl+wPr4BtZeSZw==</latexit>

Q̇C = IC
<latexit sha1_base64="kvZAs6fBEpRp6l5/fgKvNkhP9lc=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1I1QdKPQRQX7gDaEyXTSDp1MwsxEKbGf4saFIm79Enf+jdM2C60euHA4596Ze0+QcKa043xZhaXlldW14nppY3Nre8cu77ZUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYyupn77nkrFYnGnxwn1IjwQLGQEayP5drne68c6u5n4dXSBUMuv+3bFqTozoL/EzUkFcjR8+9M8QdKICk04VqrrOon2Miw1I5xOSr1U0QSTER7QrqECR1R52Wz1CTo0Sh+FsTQlNJqpPycyHCk1jgLTGWE9VIveVPzP66Y6PPcyJpJUU0HmH4UpRzpG0xxQn0lKNB8bgolkZldEhlhiok1aJROCu3jyX9I6rrqnVff2pFK7zOMowj4cwBG4cAY1uIYGNIHAAzzBC7xaj9az9Wa9z1sLVj6zB79gfXwDdZyS1A==</latexit>

LİL = VL

Elements:

<latexit sha1_base64="yzPFYhDZ+YUmrxE6LHXKLrdsBlQ=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqBuh6EZ3tdgHTIeSSTNtaCYZkoxQhn6GGxeKuPVr3Pk3pu0stPVAyOGce7n3njDhTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKVlqghtEsml6oRYU84EbRpmOO0kiuI45LQdjm6nfvuJKs2keDTjhAYxHggWMYKNlfxWr4GuUePefr1yxa26M6Bl4uWkAjnqvfJXty9JGlNhCMda+56bmCDDyjDC6aTUTTVNMBnhAfUtFTimOshmK0/QiVX6KJLKPmHQTP3dkeFY63Ec2soYm6Fe9Kbif56fmugqyJhIUkMFmQ+KUo6MRNP7UZ8pSgwfW4KJYnZXRIZYYWJsSiUbgrd48jJpnVW9i6r3cF6p3eRxFOEIjuEUPLiEGtxBHZpAQMIzvMKbY5wX5935mJcWnLznEP7A+fwBJxGP3g==</latexit>

VR = RIR
<latexit sha1_base64="65yLYnn4RXaXj3LJxmgpITwKqpw=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqsyIqBuh6Eahiwr2Ae0wZNJMG5rJDMkdpYz9FDcuFHHrl7jzb0zbWWj1QODknHvIzQkSwTU4zpdVWFpeWV0rrpc2Nre2d+zybkvHqaKsSWMRq05ANBNcsiZwEKyTKEaiQLB2MLqa+u17pjSP5R2ME+ZFZCB5yCkBI/l2ueXX8QWu9/oxZDcTc/HtilN1ZsB/iZuTCsrR8O1PE6ZpxCRQQbTuuk4CXkYUcCrYpNRLNUsIHZEB6xoqScS0l81Wn+BDo/RxGCtzJOCZ+jORkUjrcRSYyYjAUC96U/E/r5tCeO5lXCYpMEnnD4WpwBDjaQ+4zxWjIMaGEKq42RXTIVGEgmmrZEpwF7/8l7SOq+5p1b09qdQu8zqKaB8doCPkojNUQ9eogZqIogf0hF7Qq/VoPVtv1vt8tGDlmT30C9bHN2+TktQ=</latexit>

VL = LİL

<latexit sha1_base64="wt1BL/QBIeAhMplX0UIqxESMHtI=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbyma7bZduNnF3Uiwhv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLYikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJko043UWyUi3Amq4FIrXUaDkrVhzGgaSN4PR7dRvjrk2IlIPOIm5H9KBEn3BKFrJb3TTDvInTIXKsm6p7FbcGcgy8XJShhy1bumr04tYEnKFTFJj2p4bo59SjYJJnhU7ieExZSM64G1LFQ258dPZ0Rk5tUqP9CNtSyGZqb8nUhoaMwkD2xlSHJpFbyr+57UT7F/79qE4Qa7YfFE/kQQjMk2A9ITmDOXEEsq0sLcSNqSaMrQ5FW0I3uLLy6RxXvEuK979Rbl6k8dRgGM4gTPw4AqqcAc1qAODR3iGV3hzxs6L8+58zFtXnHzmCP7A+fwBkC2Snw==</latexit>

Vin

<latexit sha1_base64="GT4xpmrEdwiJRKE0MQZQRCmlpEc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF49VrC20S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLK6tr6RnmzsrW9s7tX3T94NHGqKWvRWMS6ExLDBFesZbkVrJNoRmQoWDsc3+R++4lpw2P1YCcJCyQZKh5xSmwu3fcx6ldrft2fAS0TXJAaFGj2q1+9QUxTyZSlghjTxX5ig4xoy6lg00ovNSwhdEyGrOuoIpKZIJvdOkUnThmgKNaulEUz9fdERqQxExm6TknsyCx6ufif101tdBVkXCWpZYrOF0WpQDZG+eNowDWjVkwcIVRzdyuiI6IJtS6eigsBL768TB7P6viiju/Oa43rIo4yHMExnAKGS2jALTShBRRG8Ayv8OZJ78V79z7mrSWvmDmEP/A+fwAqDo2q</latexit>

R1

<latexit sha1_base64="iVav0SD6ukt3cxLAPZSfMj3b8So=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6jHoxWN85AHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh/tetVcquxV3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns1Ak5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06RRuCt/jyMmlWK95Fxbs7L9eu8zgKcAwncAYeXEINbqEODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wfVOY2B</latexit>

R2

<latexit sha1_base64="3upFwxL218QtWxlQN4/2WM1PrnQ=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoY2ER0XxAcoS9zVyyZG/v2N0TwpGfYGOhiK2/yM5/4ya5QhMfDDzem2FmXpAIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Gbqt55QaR7LRzNO0I/oQPKQM2qs9HDX83rlilt1ZyDLxMtJBXLUe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezUyfkxCp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDKz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2nZINwVt8eZk0z6reRdW7P6/UrvM4inAEx3AKHlxCDW6hDg1gMIBneIU3RzgvzrvzMW8tOPnMIfyB8/kDypGNeg==</latexit>

L1

<latexit sha1_base64="/9/jGZ0vlRZWqdyEx+VyF790KTY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOxF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7G9ZnffuLaiFg94iThfkSHSoSCUbTSQ73v9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MbPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqndV9e4vK7XbPI4inMApnIMH11CDO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gC8241x</latexit>

C1+

-

KVL

KCL

<latexit sha1_base64="oMgJF0Cs7xKBZ/t/ajBXxWnmiQk=">AAAB8XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQzMVjC/YD2xA22027dLMJuxuhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq3S2vrG5lZ5u7Kzu7d/YB8etVWSSUJbJOGJ7IZYUc4EbWmmOe2mkuI45LQTjr2Z33miUrFEPOhJSv0YDwWLGMHaSI/NwEO3yGsHXmBXnZozB1olbkGqUKAR2F/9QUKymApNOFaq5zqp9nMsNSOcTiv9TNEUkzEe0p6hAsdU+fn84ik6M8oARYk0JTSaq78nchwrNYlD0xljPVLL3kz8z+tlOrrxcybSTFNBFouijCOdoNn7aMAkJZpPDMFEMnMrIiMsMdEmpIoJwV1+eZW0L2ruVc1tXlbrd0UcZTiBUzgHF66hDvfQgBYQEPAMr/BmKevFerc+Fq0lq5g5hj+wPn8Alf+Pjw==</latexit>

QC = CVC

<latexit sha1_base64="J+8vkup9hhObSC5GxEHFFGihNto=">AAACBHicbZC7SgNBFIbPxluMt1XLNINBsAq7QdRGCKaxsIhiLpAsy+xkkgyZnV1mZoWwpLDxVWwsFLH1Iex8GyfJFpr4w8DHf87hzPmDmDOlHefbyq2srq1v5DcLW9s7u3v2/kFTRYkktEEiHsl2gBXlTNCGZprTdiwpDgNOW8GoNq23HqhULBL3ehxTL8QDwfqMYG0s3y42/fTOr0zQJTJU892Mbgz5dskpOzOhZXAzKEGmum9/dXsRSUIqNOFYqY7rxNpLsdSMcDopdBNFY0xGeEA7BgUOqfLS2RETdGycHupH0jyh0cz9PZHiUKlxGJjOEOuhWqxNzf9qnUT3L7yUiTjRVJD5on7CkY7QNBHUY5ISzccGMJHM/BWRIZaYaJNbwYTgLp68DM1K2T0ru7enpepVFkceinAEJ+DCOVThGurQAAKP8Ayv8GY9WS/Wu/Uxb81Z2cwh/JH1+QPcu5ZS</latexit>

VR2 = VC1 = VL1

<latexit sha1_base64="6ME4zZARwCW7iHMpYY8KM9CgBc8=">AAACCXicbVDLSgMxFM34rPU16tJNsAiCUGaKqBuh6MZlFfuAdhgyadqGZh4kd8QyzNaNv+LGhSJu/QN3/o2Z6Sy09ULIyTn3cnOOFwmuwLK+jYXFpeWV1dJaeX1jc2vb3NltqTCWlDVpKELZ8YhiggesCRwE60SSEd8TrO2NrzK9fc+k4mFwB5OIOT4ZBnzAKQFNuSZuuUkP2AMkPEhTfJG9b107Pc7vWopds2JVrbzwPLALUEFFNVzzq9cPaeyzAKggSnVtKwInIRI4FSwt92LFIkLHZMi6GgbEZ8pJcicpPtRMHw9CqU8AOGd/TyTEV2rie7rTJzBSs1pG/qd1YxicO9pjFAML6HTRIBYYQpzFgvtcMgpiogGhkuu/YjoiklDQ4ZV1CPas5XnQqlXt06p9c1KpXxZxlNA+OkBHyEZnqI6uUQM1EUWP6Bm9ojfjyXgx3o2PaeuCUczsoT9lfP4AWh6ZdQ==</latexit>

Vin = VR1 + VR2

<latexit sha1_base64="Fxpxtf5SabgcTqNZtgVnTSNh1Dc=">AAACDnicbZDLSsNAFIYn9VbrLerSzWApCEJJiqgbodiNgosq9gJtCJPptB06mYSZiVBCnsCNr+LGhSJuXbvzbZykWWjrDwMf/zmHM+f3Qkalsqxvo7C0vLK6VlwvbWxube+Yu3ttGUQCkxYOWCC6HpKEUU5aiipGuqEgyPcY6XiTRlrvPBAhacDv1TQkjo9GnA4pRkpbrlm5duM7107gBcyolsDjlBqpl9GNJtcsW1UrE1wEO4cyyNV0za/+IMCRT7jCDEnZs61QOTESimJGklI/kiREeIJGpKeRI59IJ87OSWBFOwM4DIR+XMHM/T0RI1/Kqe/pTh+psZyvpeZ/tV6khudOTHkYKcLxbNEwYlAFMM0GDqggWLGpBoQF1X+FeIwEwkonWNIh2PMnL0K7VrVPq/btSbl+mcdRBAfgEBwBG5yBOrgCTdACGDyCZ/AK3own48V4Nz5mrQUjn9kHf2R8/gDGa5lq</latexit>

IR1 = IR2 + IC1 + IL1

<latexit sha1_base64="W69W3UiDIx0YPLZ/UcGtUwh0LNs="></latexit>

Q̇C1 =
Vin

R1
� QC1

R1C1
� QC1

R2C1
� IL1

<latexit sha1_base64="aIkexsETgDaFw4JCJQ2XEwhKUoo=">AAACD3icbVDLSgMxFM3UV62vUZdugkVxVWZE1I1Q7EbBRQv2AW0ZMmmmDc1khiQjlDB/4MZfceNCEbdu3fk3ZtpZaOuBwMk5997kHj9mVCrH+bYKS8srq2vF9dLG5tb2jr2715JRIjBp4ohFouMjSRjlpKmoYqQTC4JCn5G2P65lfvuBCEkjfq8mMemHaMhpQDFSRvLs494gUvo29fSd56bwCvYCgbBueLpm7mmmZsSzy07FmQIuEjcnZZCj7tlfZjBOQsIVZkjKruvEqq+RUBQzkpZ6iSQxwmM0JF1DOQqJ7OvpPik8MsoABpEwhys4VX93aBRKOQl9UxkiNZLzXib+53UTFVz2NeVxogjHs4eChEEVwSwcOKCCYMUmhiAsqPkrxCNkAlEmwpIJwZ1feZG0TivuecVtnJWr13kcRXAADsEJcMEFqIIbUAdNgMEjeAav4M16sl6sd+tjVlqw8p598AfW5w+6LpvT</latexit>

İL1 =
QC1

L1C1

State 
Space

<latexit sha1_base64="NpvMVmxeV7kEp0APEE6T1AO/86w=">AAACI3icbVDLSgMxFM3UV62vqks3wSK4KjMiKq6K3Si4aME+oDMMmfS2Dc1khiQjlqH/4sZfceNCKW5c+C+m0yJavRA459xH7j1BzJnStv1h5ZaWV1bX8uuFjc2t7Z3i7l5TRYmk0KARj2Q7IAo4E9DQTHNoxxJIGHBoBcPqNN+6B6lYJO70KAYvJH3BeowSbSS/eOkG0GciDUKiJXsYY7cbaVz306rvGOLO+I2f3mYcRPe71C+W7LKdBf4LnDkooXnU/OLEDKNJCEJTTpTqOHasvZRIzSiHccFNFMSEDkkfOgYKEoLy0uzGMT4yShf3Imme0DhTf3akJFRqFAam0uw3UIu5qfhfrpPo3oWXMhEnGgSdfdRLONYRnhqGu0wC1XxkAKGSmV0xHRBJqDa2FowJzuLJf0HzpOyclZ36aalyNbcjjw7QITpGDjpHFXSNaqiBKHpEz+gVvVlP1os1sd5npTlr3rOPfoX1+QX66aR8</latexit>
Q̇C1

İL1

� <latexit sha1_base64="JVCHRTMXsMN+Z+QPcexMMscsE5k="></latexit>
� 1

R1C1
� 1

R2C1
�1

1
L1C1

0

� <latexit sha1_base64="yznrSZt0ExrIOE08NkT2QVuCQPQ=">AAACGXicbVDLSgMxFM3UV62vUZdugkVwVWZE1GWxGwUXLdgHdIYhk962oZnMkGTEMvQ33Pgrblwo4lJX/o3pA9HWA4HDOeeSe0+YcKa043xZuaXlldW1/HphY3Nre8fe3WuoOJUU6jTmsWyFRAFnAuqaaQ6tRAKJQg7NcFAZ+807kIrF4lYPE/Aj0hOsyyjRRgpsxwuhx0QWRkRLdj/CtSCrBO4Iex6+DrKbCQXR+QkEdtEpORPgReLOSBHNUA3sD68T0zQCoSknSrVdJ9F+RqRmlMOo4KUKEkIHpAdtQwWJQPnZ5LIRPjJKB3djaZ7QeKL+nshIpNQwCk3S7NdX895Y/M9rp7p74WdMJKkGQacfdVOOdYzHNeEOk0A1HxpCqGRmV0z7RBKqTZkFU4I7f/IiaZyU3LOSWzstli9ndeTRATpEx8hF56iMrlAV1RFFD+gJvaBX69F6tt6s92k0Z81m9tEfWJ/fbZugkg==</latexit>
QC1

IL1

�
<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+
<latexit sha1_base64="8y317yJsPqzhPzCi/geNJMOcBG0=">AAACGnicbVDLSgNBEJz1GeMr6tHLYBA8hR0R9Rj04jGKeUB2WWYnvcmQ2dllZlYMS77Di7/ixYMi3sSLf+PkgWhiQUNR1U13V5gKro3rfjkLi0vLK6uFteL6xubWdmlnt6GTTDGos0QkqhVSDYJLqBtuBLRSBTQOBTTD/uXIb96B0jyRt2aQgh/TruQRZ9RYKSgRL4Qul3kYU6P4/bDoRYqynAzzm4AMsedhFxc9kJ2fjqBUdivuGHiekCkpoylqQenD6yQsi0EaJqjWbeKmxs+pMpwJsBszDSllfdqFtqWSxqD9fPzaEB9apYOjRNmSBo/V3xM5jbUexKHttPf19Kw3Ev/z2pmJzv2cyzQzINlkUZQJbBI8ygl3uAJmxMASyhS3t2LWozYbY9Ms2hDI7MvzpHFcIacVcn1Srl5M4yigfXSAjhBBZ6iKrlAN1RFDD+gJvaBX59F5dt6c90nrgjOd2UN/4Hx+A+RYoMQ=</latexit> 1
R1

0

�
<latexit sha1_base64="wt1BL/QBIeAhMplX0UIqxESMHtI=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbyma7bZduNnF3Uiwhv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLYikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJko043UWyUi3Amq4FIrXUaDkrVhzGgaSN4PR7dRvjrk2IlIPOIm5H9KBEn3BKFrJb3TTDvInTIXKsm6p7FbcGcgy8XJShhy1bumr04tYEnKFTFJj2p4bo59SjYJJnhU7ieExZSM64G1LFQ258dPZ0Rk5tUqP9CNtSyGZqb8nUhoaMwkD2xlSHJpFbyr+57UT7F/79qE4Qa7YfFE/kQQjMk2A9ITmDOXEEsq0sLcSNqSaMrQ5FW0I3uLLy6RxXvEuK979Rbl6k8dRgGM4gTPw4AqqcAc1qAODR3iGV3hzxs6L8+58zFtXnHzmCP7A+fwBkC2Snw==</latexit>

Vin

<latexit sha1_base64="ucyiMpPRyc29ucod9Q3A2/FtT5I=">AAACInicbZBLS8NAEMc39VXrK+rRy2IRPJVExMdBKPai0EML9gFtCJvtpl262YTdjVBCPosXv4oXD4p6EvwwbpMeauvALj/+M8PM/L2IUaks69sorKyurW8UN0tb2zu7e+b+QVuGscCkhUMWiq6HJGGUk5aiipFuJAgKPEY63rg2zXceiZA05A9qEhEnQENOfYqR0pJrXtf7g1Al96mb1F07hTewPU+1nGDfFwgnzVxIs981y1bFygIugz2DMphFwzU/9SgcB4QrzJCUPduKlJMgoShmJC31Y0kihMdoSHoaOQqIdJLsxBSeaGUA/VDoxxXM1PmOBAVSTgJPVwZIjeRibir+l+vFyr9yEsqjWBGO80F+zKAK4dQvOKCCYMUmGhAWVO8K8QhpN5R2taRNsBdPXob2WcW+qNjN83L1dmZHERyBY3AKbHAJquAONEALYPAEXsAbeDeejVfjw/jKSwvGrOcQ/Anj5xcKx6Ik</latexit>

LİL1 = VL1 = VC1 =
QC1

C1

<latexit sha1_base64="DaSDOc+V7KETT1wXw7+RYFcuWGU=">AAACGnicbVDLSgMxFM34rPU16tJNsAiCUGZE1I1Q7EZ3rdgHdMqQSTNtaOZBckcsw3yHG3/FjQtF3Ikb/8Z02oW2Hkhycs69JPd4seAKLOvbWFhcWl5ZLawV1zc2t7bNnd2mihJJWYNGIpJtjygmeMgawEGwdiwZCTzBWt6wOvZb90wqHoV3MIpZNyD9kPucEtCSa9pNN3WAPUDKwyzDl/jWtfGNm+ojw8fY8SWhad1Nq/qe5btrlqyylQPPE3tKSmiKmmt+Or2IJgELgQqiVMe2YuimRAKngmVFJ1EsJnRI+qyjaUgCprppPlqGD7XSw34k9QoB5+rvjpQESo0CT1cGBAZq1huL/3mdBPyLrh46ToCFdPKQnwgMER7nhHtcMgpipAmhkuu/YjogOg3QaRZ1CPbsyPOkeVK2z8p2/bRUuZrGUUD76AAdIRudowq6RjXUQBQ9omf0it6MJ+PFeDc+JqULxrRnD/2B8fUDaiSf2g==</latexit>

Vin = R1IR1 +
QC1

C1

<latexit sha1_base64="vCI1vRjRELK7Vg42WLUG5Z07a9A=">AAACJXicbVDLSgMxFM3UV62vqks3wSK4scyIqAuFYje6a8U+oC1DJs20oZkHyR2xDPMzbvwVNy4sIrjyV8x0utDWA4GTc+4lOccJBVdgml9Gbml5ZXUtv17Y2Nza3inu7jVVEEnKGjQQgWw7RDHBfdYADoK1Q8mI5wjWckbV1G89Mql44D/AOGQ9jwx87nJKQEt28erOju9tK8HXuOtKQuOmHXeBPUHM/SRJMu8ks+p2XNXXqZgSbBdLZtmcAi8Sa0ZKaIaaXZx0+wGNPOYDFUSpjmWG0IuJBE4FSwrdSLGQ0BEZsI6mPvGY6sXTlAk+0kofu4HUxwc8VX9vxMRTauw5etIjMFTzXir+53UicC97Om8YAfNp9pAbCQwBTivDfS4ZBTHWhFDJ9V8xHRLdCOhiC7oEaz7yImmelq3zslU/K1VuZnXk0QE6RMfIQheogm5RDTUQRc/oFb2jifFivBkfxmc2mjNmO/voD4zvHwVcpPQ=</latexit>

IR1 =
Vin

R1
� QC1

R1C1

<latexit sha1_base64="KfIrMonayezXHOOksujwapMvXLY=">AAACCnicbZC7SgNBFIbPxluMt1VLm9EgWIXdIGojBNNol4hJhCQss5PZZMjshZlZISxb2/gqNhaK2PoEdr6Ns8kWmvjDwMd/zuHM+d2IM6ks69soLC2vrK4V10sbm1vbO+buXluGsSC0RUIeinsXS8pZQFuKKU7vI0Gx73Laccf1rN55oEKyMLhTk4j2fTwMmMcIVtpyzMMbJ7l1qim6RD1PYJI0naTu2GmauRkgxyxbFWsqtAh2DmXI1XDMr94gJLFPA0U4lrJrW5HqJ1goRjhNS71Y0giTMR7SrsYA+1T2k+kpKTrWzgB5odAvUGjq/p5IsC/lxHd1p4/VSM7XMvO/WjdW3kU/YUEUKxqQ2SIv5kiFKMsFDZigRPGJBkwE039FZIR1IkqnV9Ih2PMnL0K7WrHPKnbztFy7yuMowgEcwQnYcA41uIYGtIDAIzzDK7wZT8aL8W58zFoLRj6zD39kfP4ABSaZNA==</latexit>

IR2 =
QC1

R2C1

<latexit sha1_base64="n7b22BJmynRsvnOwbK7HbGybAqQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cq9gPaUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo14w2mpNLtgBouRcwbKFDydqI5jQLJW8HoZuq3Hrk2QsUPOE64H9FBLELBKFqp070XgyFSrdVTr1xxq+4MZJl4OalAjnqv/NXtK5ZGPEYmqTEdz03Qz6hGwSSflLqp4QllIzrgHUtjGnHjZ7OTJ+TEKn0SKm0rRjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvmZiJMUeczmi8JUElRk+j/pC80ZyrEllGlhbyVsSDVlaFMq2RC8xZeXSfOs6l1UvbvzSu06j6MIR3AMp+DBJdTgFurQAAYKnuEV3hx0Xpx352PeWnDymUP4A+fzB5MTkXM=</latexit>)

<latexit sha1_base64="n7b22BJmynRsvnOwbK7HbGybAqQ=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cq9gPaUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo14w2mpNLtgBouRcwbKFDydqI5jQLJW8HoZuq3Hrk2QsUPOE64H9FBLELBKFqp070XgyFSrdVTr1xxq+4MZJl4OalAjnqv/NXtK5ZGPEYmqTEdz03Qz6hGwSSflLqp4QllIzrgHUtjGnHjZ7OTJ+TEKn0SKm0rRjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvmZiJMUeczmi8JUElRk+j/pC80ZyrEllGlhbyVsSDVlaFMq2RC8xZeXSfOs6l1UvbvzSu06j6MIR3AMp+DBJdTgFurQAAYKnuEV3hx0Xpx352PeWnDymUP4A+fzB5MTkXM=</latexit>)
<latexit sha1_base64="2/7CcO2uwR8cj0N3uHGvu2XEGAw=">AAACCnicbVC7TsMwFL0pr1JeAUYWQ4XEVCUVAhakii6wtYi2SG0VOa7TWnUesh2kKsrMwq+wMIAQK1/Axt/gphmg5Uj2PTrnXtn3uBFnUlnWt1FYWl5ZXSuulzY2t7Z3zN29tgxjQWiLhDwU9y6WlLOAthRTnN5HgmLf5bTjjutTv/NAhWRhcKcmEe37eBgwjxGstOSYh7dOFd04iS4pukQ9T2CSNJ2k7thpmt2OWbYqVga0SOyclCFHwzG/eoOQxD4NFOFYyq5tRaqfYKEY4TQt9WJJI0zGeEi7mgbYp7KfZKuk6FgrA+SFQp9AoUz9PZFgX8qJ7+pOH6uRnPem4n9eN1beRT9hQRQrGpDZQ17MkQrRNBc0YIISxSeaYCKY/isiI6zTUDq9kg7Bnl95kbSrFfusYjdPy7WrPI4iHMARnIAN51CDa2hACwg8wjO8wpvxZLwY78bHrLVg5DP78AfG5w/5+pk0</latexit>

R2IR2 =
QC1

C1

Inductor dynamics 
(in terms of states…) 

Capacitor dynamics 
(in terms of states…) 

since…

<latexit sha1_base64="Rm7h0cMDT6sgltAWHBq3ZLIFbYY=">AAACDnicbZC7SgNBFIbPxluMt1VLm8EQsDHsBlEbIZhGwSKKuUCyLLOTSTJk9sLMrBCWPIGNr2JjoYittZ1v42yyhSb+MPDxn3M4c34v4kwqy/o2ckvLK6tr+fXCxubW9o65u9eUYSwIbZCQh6LtYUk5C2hDMcVpOxIU+x6nLW9US+utByokC4N7NY6o4+NBwPqMYKUt1yxdu0nNtSfoAmm6S+l4RpWMbrTnmkWrbE2FFsHOoAiZ6q751e2FJPZpoAjHUnZsK1JOgoVihNNJoRtLGmEywgPa0Rhgn0onmZ4zQSXt9FA/FPoFCk3d3xMJ9qUc+57u9LEayvlaav5X68Sqf+4kLIhiRQMyW9SPOVIhSrNBPSYoUXysARPB9F8RGWKBidIJFnQI9vzJi9CslO3Tsn17UqxeZnHk4QAO4QhsOIMqXEEdGkDgEZ7hFd6MJ+PFeDc+Zq05I5vZhz8yPn8Ay3mZbg==</latexit>

IC1 = IR1 � IR2 � IL1

<latexit sha1_base64="Xkxe44Uu0ONWaXJwiPaRmMJmwdY="></latexit>

=
Vin

R1
� QC1

R1C1
� QC1

R2C1
� IL1

<latexit sha1_base64="c0xFmvZnpKaaI9esixPVvFFt5xU=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBU9gVUS9CMBePCZgHJMsyO5kkQ2YfzPQKccmXePGgiFc/xZt/4yTZgyYWNBRV3TPdFSRSaHScb2ttfWNza7uwU9zd2z8o2YdHLR2nivEmi2WsOgHVXIqIN1Gg5J1EcRoGkreDcW3mtx+50iKOHnCScC+kw0gMBKNoJN8u9foxkoaf1Xx3Sm6Jb5edijMHWSVuTsqQo+7bX+YFloY8Qiap1l3XSdDLqELBJJ8We6nmCWVjOuRdQyMacu1l88Wn5MwofTKIlakIyVz9PZHRUOtJGJjOkOJIL3sz8T+vm+LgxstElKTII7b4aJBKgjGZpUD6QnGGcmIIZUqYXQkbUUUZmqyKJgR3+eRV0rqouFcVt3FZrt7lcRTgBE7hHFy4hircQx2awCCFZ3iFN+vJerHerY9F65qVzxzDH1ifPwAVkgI=</latexit>

Q̇C1 =

<latexit sha1_base64="yKYd9zaRmKRuhoRLv7LoARQjRjw=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlYQrZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fAM+tZoG</latexit>

@f

@x
=

Linearization Stability - Case 1

<latexit sha1_base64="bwIqq8szY5A+PcFoGO/uS+E9YdU=">AAAB+nicbVDLSgMxFL3js9bXVJdugkVwVSZF1I1QdOOyFvuAdhgyaaYNzTxIMkqp/RQ3LhRx65e482/MtLPQ1gPJPZxzL7k5fiK40o7zba2srq1vbBa2its7u3v7dumgpeJUUtaksYhlxyeKCR6xpuZasE4iGQl9wdr+6Cbz2w9MKh5H93qcMDckg4gHnBJtJM8uNTyMrlDDq5rbqTgO9uxyVjOgZYJzUoYcdc/+6vVjmoYs0lQQpbrYSbQ7IVJzKti02EsVSwgdkQHrGhqRkCl3Mlt9ik6M0kdBLM2JNJqpvycmJFRqHPqmMyR6qBa9TPzP66Y6uHQnPEpSzSI6fyhIBdIxynJAfS4Z1WJsCKGSm10RHRJJqDZpFU0IePHLy6RVreDzCr47K9eu8zgKcATHcAoYLqAGt1CHJlB4hGd4hTfryXqx3q2PeeuKlc8cwh9Ynz+twpEJ</latexit>

R1 = R2 = 0.001

<latexit sha1_base64="kKwE8ktEF0yumK1505lXCtOIHB4=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MWDhwr2A9qlZNNsG5pNliQrlKU/wosHRbz6e7z5b0zbPWjrg4HHezPMzAsTwY31/W+vsLK6tr5R3Cxtbe/s7pX3D5pGpZqyBlVC6XZIDBNcsoblVrB2ohmJQ8Fa4eh26reemDZcyUc7TlgQk4HkEafEOql138PoGuFeueJX/RnQMsE5qUCOeq/81e0rmsZMWiqIMR3sJzbIiLacCjYpdVPDEkJHZMA6jkoSMxNks3Mn6MQpfRQp7UpaNFN/T2QkNmYch64zJnZoFr2p+J/XSW10FWRcJqllks4XRalAVqHp76jPNaNWjB0hVHN3K6JDogm1LqGSCwEvvrxMmmdVfFHFD+eV2k0eRxGO4BhOAcMl1OAO6tAACiN4hld48xLvxXv3PuatBS+fOYQ/8D5/AGp9jlA=</latexit>

L1 = 1
<latexit sha1_base64="rjTkY0si9PGh/NG90l9f6+hmG8I=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh2IvHCvYD2qVk02wbmmSXJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMCxPBjfX9b6+wtr6xuVXcLu3s7u0flA+PWiZONWVNGotYd0JimOCKNS23gnUSzYgMBWuH4/rMbz8xbXisHu0kYYEkQ8UjTol1Urvex+gW4X654lf9OdAqwTmpQI5Gv/zVG8Q0lUxZKogxXewnNsiItpwKNi31UsMSQsdkyLqOKiKZCbL5uVN05pQBimLtSlk0V39PZEQaM5Gh65TEjsyyNxP/87qpjW6CjKsktUzRxaIoFcjGaPY7GnDNqBUTRwjV3N2K6IhoQq1LqORCwMsvr5LWRRVfVfHDZaV2l8dRhBM4hXPAcA01uIcGNIHCGJ7hFd68xHvx3r2PRWvBy2eO4Q+8zx9co45H</latexit>

C1 = 1

<latexit sha1_base64="McQ7Nabq7YtTWX5yBtSLYX60NXM=">AAACG3icbVDLSgMxFM3UVx1fVZdugkVx05Ipoi6LblxWsA/olJJJb9vQTGZIMmIZ+h9u/BU3LhRxJbjwb0wfiLYeCBzOOZfce4JYcG0I+XIyS8srq2vZdXdjc2t7J7e7V9NRohhUWSQi1QioBsElVA03AhqxAhoGAurB4Grs1+9AaR7JWzOMoRXSnuRdzqixUjtX8gPocZkGITWK34/cQokQgo9xwcO+73qWEez6IDs/kXYuT4pkArxIvBnJoxkq7dyH34lYEoI0TFCtmx6JTSulynAmYOT6iYaYsgHtQdNSSUPQrXRy2wgfWaWDu5GyTxo8UX9PpDTUehgGNmn36+t5byz+5zUT071opVzGiQHJph91E4FNhMdF4Q5XwIwYWkKZ4nZXzPpUUWZsna4twZs/eZHUSkXvrOjdnObLl7M6sugAHaIT5KFzVEbXqIKqiKEH9IRe0Kvz6Dw7b877NJpxZjP76A+cz2+Vcp4H</latexit>
�2000 �1

1 0

� <latexit sha1_base64="yKYd9zaRmKRuhoRLv7LoARQjRjw=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlYQrZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fAM+tZoG</latexit>

@f

@x
=

Linearization Stability - Case 2

Eigenvalues

<latexit sha1_base64="kKwE8ktEF0yumK1505lXCtOIHB4=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MWDhwr2A9qlZNNsG5pNliQrlKU/wosHRbz6e7z5b0zbPWjrg4HHezPMzAsTwY31/W+vsLK6tr5R3Cxtbe/s7pX3D5pGpZqyBlVC6XZIDBNcsoblVrB2ohmJQ8Fa4eh26reemDZcyUc7TlgQk4HkEafEOql138PoGuFeueJX/RnQMsE5qUCOeq/81e0rmsZMWiqIMR3sJzbIiLacCjYpdVPDEkJHZMA6jkoSMxNks3Mn6MQpfRQp7UpaNFN/T2QkNmYch64zJnZoFr2p+J/XSW10FWRcJqllks4XRalAVqHp76jPNaNWjB0hVHN3K6JDogm1LqGSCwEvvrxMmmdVfFHFD+eV2k0eRxGO4BhOAcMl1OAO6tAACiN4hld48xLvxXv3PuatBS+fOYQ/8D5/AGp9jlA=</latexit>

L1 = 1
<latexit sha1_base64="rjTkY0si9PGh/NG90l9f6+hmG8I=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh2IvHCvYD2qVk02wbmmSXJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMCxPBjfX9b6+wtr6xuVXcLu3s7u0flA+PWiZONWVNGotYd0JimOCKNS23gnUSzYgMBWuH4/rMbz8xbXisHu0kYYEkQ8UjTol1Urvex+gW4X654lf9OdAqwTmpQI5Gv/zVG8Q0lUxZKogxXewnNsiItpwKNi31UsMSQsdkyLqOKiKZCbL5uVN05pQBimLtSlk0V39PZEQaM5Gh65TEjsyyNxP/87qpjW6CjKsktUzRxaIoFcjGaPY7GnDNqBUTRwjV3N2K6IhoQq1LqORCwMsvr5LWRRVfVfHDZaV2l8dRhBM4hXPAcA01uIcGNIHCGJ7hFd68xHvx3r2PRWvBy2eO4Q+8zx9co45H</latexit>

C1 = 1
<latexit sha1_base64="6UfNrZxsp/gQp4T5oTwUuCzIfRI=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqkiLoRim5c1mIf0A5DJs20oZkHSUaoQ7/EjQtF3Pop7vwb03YW2nrgXg7n3Etujp8IrrTjfFuFtfWNza3idmlnd2+/bB8ctlWcSspaNBax7PpEMcEj1tJcC9ZNJCOhL1jHH9/O/M4jk4rH0YOeJMwNyTDiAadEG8mzy00Po2vU9GqmY8fx7IpTdeZAqwTnpAI5Gp791R/ENA1ZpKkgSvWwk2g3I1JzKti01E8VSwgdkyHrGRqRkCk3mx8+RadGGaAglqYijebq742MhEpNQt9MhkSP1LI3E//zeqkOrtyMR0mqWUQXDwWpQDpGsxTQgEtGtZgYQqjk5lZER0QSqk1WJRMCXv7yKmnXqviiiu/PK/WbPI4iHMMJnAGGS6jDHTSgBRRSeIZXeLOerBfr3fpYjBasfOcI/sD6/AHONZCX</latexit>

R1 = R2 = 100

Eigenvalues

Comments
Comments

<latexit sha1_base64="taaBi/1KRNsG0qqHtyVL/pGuNsE=">AAACG3icbVDLSgMxFM3UVx1fVZdugkVx0zJTRF0W3bisYB/QGUomc9uGZjJDkhHL0P9w46+4caGIK8GFf2P6QLT1QOBwzrnk3hMknCntOF9Wbml5ZXUtv25vbG5t7xR29xoqTiWFOo15LFsBUcCZgLpmmkMrkUCigEMzGFyN/eYdSMVicauHCfgR6QnWZZRoI3UKFS+AHhNZEBEt2f3ILjllp4KPccnFnme7hjnY9kCEP5FOoWgyE+BF4s5IEc1Q6xQ+vDCmaQRCU06UartOov2MSM0oh5HtpQoSQgekB21DBYlA+dnkthE+MkqIu7E0T2g8UX9PZCRSahgFJmn266t5byz+57VT3b3wMyaSVIOg04+6Kcc6xuOicMgkUM2HhhAqmdkV0z6RhGpTp21KcOdPXiSNStk9K7s3p8Xq5ayOPDpAh+gEuegcVdE1qqE6ougBPaEX9Go9Ws/Wm/U+jeas2cw++gPr8xuSJp4F</latexit>
�0.02 �1

1 0

�

<latexit sha1_base64="ka5z7HIIKXUCHWdksVGy79DEeYk=">AAAB+nicbVDLSgMxFL1TX7W+prp0EyyCG0umiLoRim5cVrAPaIchk8m0oZkHSUYptZ/ixoUibv0Sd/6NaTsLbT0QOJxzLvfm+KngSmP8bRVWVtfWN4qbpa3tnd09u7zfUkkmKWvSRCSy4xPFBI9ZU3MtWCeVjES+YG1/eDP12w9MKp7E93qUMjci/ZiHnBJtJM8u94QJB8Rz0BU6rWGMPbuCq3gGtEycnFQgR8Ozv3pBQrOIxZoKolTXwal2x0RqTgWblHqZYimhQ9JnXUNjEjHljmenT9CxUQIUJtK8WKOZ+ntiTCKlRpFvkhHRA7XoTcX/vG6mw0t3zOM00yym80VhJpBO0LQHFHDJqBYjQwiV3NyK6IBIQrVpq2RKcBa/vExatapzXnXuzir167yOIhzCEZyAAxdQh1toQBMoPMIzvMKb9WS9WO/WxzxasPKZA/gD6/MHT66SFA==</latexit>

�1 = �2000
<latexit sha1_base64="lGOfkkpGOJJMYqV0NbKQTv1LBXM=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBjSUpvjZC0Y3LCvYBbQiTyaQdOnkwMxFCqL/ixoUibv0Qd/6N0zYLbT0wcDjnXO6d4yWcSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJOBaFtEvNY9DwsKWcRbSumOO0lguLQ47TrjW+nfveRCsni6EFlCXVCPIxYwAhWWnLN6oDrsI/dBrpGp1bdsqxz16zNiAZaJnZBalCg5ZpfAz8maUgjRTiWsm9biXJyLBQjnE4qg1TSBJMxHtK+phEOqXTy2fETdKwVHwWx0C9SaKb+nshxKGUWejoZYjWSi95U/M/rpyq4cnIWJamiEZkvClKOVIymTSCfCUoUzzTBRDB9KyIjLDBRuq+KLsFe/PIy6TTq9kXdvj+rNW+KOspwCEdwAjZcQhPuoAVtIJDBM7zCm/FkvBjvxsc8WjKKmSr8gfH5Azgnkoo=</latexit>

�2 = �0.0005

One mode decays very fast and one mode  
decays very slowly

<latexit sha1_base64="aaFNcytG8xnubaFoqWdW3zi8KLs=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwoWVSRN0IRTcuK9gHdIYhk8m0oZnMkGSEMnTrxl9x40IRt/6BO//GtJ2Fth4IHM45l5t7gpQzpR3n2yotLa+srpXXKxubW9s79u5eWyWZJLRFEp7IboAV5UzQlmaa024qKY4DTjvB8Gbidx6oVCwR93qUUi/GfcEiRrA2km9Dl5twiP0cndTH8AqeOjUHQTeNIao5DoO+XTXKFHCRoIJUQYGmb3+5YUKymApNOFaqh5xUezmWmhFOxxU3UzTFZIj7tGeowDFVXj69ZAyPjBLCKJHmCQ2n6u+JHMdKjeLAJGOsB2rem4j/eb1MR5dezkSaaSrIbFGUcagTOKkFhkxSovnIEEwkM3+FZIAlJtqUVzEloPmTF0m7XkPnNXR3Vm1cF3WUwQE4BMcAgQvQALegCVqAgEfwDF7Bm/VkvVjv1scsWrKKmX3wB9bnDxfElr4=</latexit>

�1,2 = �0.01± 1.00i

Due to large resistances, electrical energy  
tends to oscillate back and forth between 
the capacitor and inductor 



Current thru inductor 1

Current thru inductor 2

Charge on capacitor 1

<latexit sha1_base64="AOc6Fd3khZb3EIrY5zfqx+ZJbcc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj0ouChgv2ANoTNdtsu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxMpDLrut7Oyura+sVnYKm7v7O7tlw4OmyZONeMNFstYt0NquBSKN1Cg5O1EcxqFkrfC0c3Ubz1xbUSsHnGccD+iAyX6glG0UusuyO6D6iQold2KOwNZJl5OypCjHpS+ur2YpRFXyCQ1puO5CfoZ1SiY5JNiNzU8oWxEB7xjqaIRN342O3dCTq3SI/1Y21JIZurviYxGxoyj0HZGFIdm0ZuK/3mdFPtXfiZUkiJXbL6on0qCMZn+TnpCc4ZybAllWthbCRtSTRnahIo2BG/x5WXSrFa8i4r3cF6uXedxFOAYTuAMPLiEGtxCHRrAYATP8ApvTuK8OO/Ox7x1xclnjuAPnM8f3MiPQw==</latexit>

IL2

<latexit sha1_base64="GwQY8IrZBhjRTNFGMDj00NYSjww=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi4KHCvYD2hA222m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0wE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxaodUo+ASG4Ybge1EIY1Cga1wdDP1W0+oNI/loxkn6Ed0IHmfM2qs1LoLsvvAmwTlilt1ZyDLxMtJBXLUg/JXtxezNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZuRNyYpUe6cfKljRkpv6eyGik9TgKbWdEzVAvelPxP6+Tmv6Vn3GZpAYlmy/qp4KYmEx/Jz2ukBkxtoQyxe2thA2poszYhEo2BG/x5WXSPKt6F1Xv4bxSu87jKMIRHMMpeHAJNbiFOjSAwQie4RXenMR5cd6dj3lrwclnDuEPnM8f20OPQg==</latexit>

IL1

<latexit sha1_base64="cQKE2deI+EArpWLpyjisGP4lUug=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOxF48t2A9oQ9hst+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1LDpVC8hQIl7yaa0yiUvBNO6nO/88S1EbF6xGnC/YiOlBgKRtFKnWaQ1QNvFpQrbtVdgKwTLycVyNEIyl/9QczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOyMXVhmQYaxtKSQL9fdERiNjplFoOyOKY7PqzcX/vF6Kwzs/EypJkSu2XDRMJcGYzH8nA6E5Qzm1hDIt7K2EjammDG1CJRuCt/ryOmlfVb2bqte8rtTu8ziKcAbncAke3EINHqABLWAwgWd4hTcncV6cd+dj2Vpw8plT+APn8wfZ1I9B</latexit>

QC1

<latexit sha1_base64="ui0PjEKnT3Mj0IPtjJVSmV0zoGc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix6UfBQwX5AG8pmO2mXbjZhdyOU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz85hMqzWP5aEYJ+hHtSx5yRo2Vmnfd7L57Nu6Wym7FnYIsEi8nZchR65a+Or2YpRFKwwTVuu25ifEzqgxnAsfFTqoxoWxI+9i2VNIItZ9Nzx2TY6v0SBgrW9KQqfp7IqOR1qMosJ0RNQM9703E/7x2asIrP+MySQ1KNlsUpoKYmEx+Jz2ukBkxsoQyxe2thA2ooszYhIo2BG/+5UXSOK14FxXv4bxcvc7jKMAhHMEJeHAJVbiFGtSBwRCe4RXenMR5cd6dj1nrkpPPHMAfOJ8/3k2PRA==</latexit>

IL3 Current thru inductor 3

<latexit sha1_base64="niKH4ScneysAzYefIxtxPoY41oU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOxF48V7Ae0IWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT5tzvPnJtRKIecJpyP6YjJSLBKFqp2wnyZuDNgmrNrbsLkL/EK0gNCrSC6udgmLAs5gqZpMb0PTdFP6caBZN8VhlkhqeUTeiI9y1VNObGzxfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuvFzodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtcZtEUcZTuAUzsGDa2jAHbSgDQwm8AQv8OqkzrPz5rwvW0tOMXMMv+B8fAPhho9G</latexit>

VC1

<latexit sha1_base64="E73c3xfcPsNUeX+nOpsA4nSBkhA=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe6CqGXQxsIigvmA5Dj2Nptkyd7esTsnhCM/wsZCEVt/j53/xk1yhSY+GHi8N8PMvDCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNSw6VQvIkCJe8kmtMolLwdjm9nfvuJayNi9YiThPsRHSoxEIyildqtILsPatOgXHGr7hxklXg5qUCORlD+6vVjlkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NwpObNKnwxibUshmau/JzIaGTOJQtsZURyZZW8m/ud1Uxxc+5lQSYpcscWiQSoJxmT2O+kLzRnKiSWUaWFvJWxENWVoEyrZELzll1dJq1b1Lqvew0WlfpPHUYQTOIVz8OAK6nAHDWgCgzE8wyu8OYnz4rw7H4vWgpPPHMMfOJ8/8MqPUA==</latexit>

VL2

<latexit sha1_base64="ic4W+4Tm68rzHxc7Luc6+D3SaEo=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjFfkAbwmY7aZduNmF3I5TQH+HFgyJe/T3e/Ddu2xy09cHA470ZZuaFqeDauO63s7K6tr6xWdoqb+/s7u1XDg5bOskUwyZLRKI6IdUouMSm4UZgJ1VI41BgOxzdTv32EyrNE/loxin6MR1IHnFGjZXarSB/CLxJUKm6NXcGsky8glShQCOofPX6CctilIYJqnXXc1Pj51QZzgROyr1MY0rZiA6wa6mkMWo/n507IadW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv953cxE137OZZoZlGy+KMoEMQmZ/k76XCEzYmwJZYrbWwkbUkWZsQmVbQje4svLpHVe8y5r3v1FtX5TxFGCYziBM/DgCupwBw1oAoMRPMMrvDmp8+K8Ox/z1hWnmDmCP3A+fwD4b49V</latexit>

VR1

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>= <latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="H7liNSC+05M5GSbPkuMAPngOq8M=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5U1DJoY2ERwXxAchx7m02yZG/v2J0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXphIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6p4VIo3kCBkrcTzWkUSt4KR7dTv/XEtRGxesRxwv2IDpToC0bRSq1mkN0H55OgXHGr7gxkmXg5qUCOelD+6vZilkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCOpYpG3PjZ7NwJObFKj/RjbUshmam/JzIaGTOOQtsZURyaRW8q/ud1Uuxf+5lQSYpcsfmifioJxmT6O+kJzRnKsSWUaWFvJWxINWVoEyrZELzFl5dJ86zqXVa9h4tK7SaPowhHcAyn4MEV1OAO6tAABiN4hld4cxLnxXl3PuatBSefOYQ/cD5/APJPj1E=</latexit>

VL3

<latexit sha1_base64="xHfOfQk3SMVwmzTCDSAjUCwi9SE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF49V7Ae0IWy203bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCalGwSU2DTcCO4lCGoUC2+H4dua3n1BpHstHM0nQj+hQ8gFn1Fip3Qqyh6A2DcoVt+rOQVaJl5MK5GgE5a9eP2ZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/Nzp+TMKn0yiJUtachc/T2R0UjrSRTazoiakV72ZuJ/Xjc1g2s/4zJJDUq2WDRIBTExmf1O+lwhM2JiCWWK21sJG1FFmbEJlWwI3vLLq6RVq3qXVe/+olK/yeMowgmcwjl4cAV1uIMGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx/59I9W</latexit>

VR2

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=
<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+

<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+
<latexit sha1_base64="niKH4ScneysAzYefIxtxPoY41oU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOxF48V7Ae0IWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT5tzvPnJtRKIecJpyP6YjJSLBKFqp2wnyZuDNgmrNrbsLkL/EK0gNCrSC6udgmLAs5gqZpMb0PTdFP6caBZN8VhlkhqeUTeiI9y1VNObGzxfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuvFzodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtcZtEUcZTuAUzsGDa2jAHbSgDQwm8AQv8OqkzrPz5rwvW0tOMXMMv+B8fAPhho9G</latexit>

VC1

<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+
<latexit sha1_base64="xHfOfQk3SMVwmzTCDSAjUCwi9SE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF49V7Ae0IWy203bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCalGwSU2DTcCO4lCGoUC2+H4dua3n1BpHstHM0nQj+hQ8gFn1Fip3Qqyh6A2DcoVt+rOQVaJl5MK5GgE5a9eP2ZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/Nzp+TMKn0yiJUtachc/T2R0UjrSRTazoiakV72ZuJ/Xjc1g2s/4zJJDUq2WDRIBTExmf1O+lwhM2JiCWWK21sJG1FFmbEJlWwI3vLLq6RVq3qXVe/+olK/yeMowgmcwjl4cAV1uIMGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx/59I9W</latexit>

VR2

<latexit sha1_base64="wt1BL/QBIeAhMplX0UIqxESMHtI=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbyma7bZduNnF3Uiwhv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLYikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJko043UWyUi3Amq4FIrXUaDkrVhzGgaSN4PR7dRvjrk2IlIPOIm5H9KBEn3BKFrJb3TTDvInTIXKsm6p7FbcGcgy8XJShhy1bumr04tYEnKFTFJj2p4bo59SjYJJnhU7ieExZSM64G1LFQ258dPZ0Rk5tUqP9CNtSyGZqb8nUhoaMwkD2xlSHJpFbyr+57UT7F/79qE4Qa7YfFE/kQQjMk2A9ITmDOXEEsq0sLcSNqSaMrQ5FW0I3uLLy6RxXvEuK979Rbl6k8dRgGM4gTPw4AqqcAc1qAODR3iGV3hzxs6L8+58zFtXnHzmCP7A+fwBkC2Snw==</latexit>

Vin

<latexit sha1_base64="bZTwEMHwtVPkwP0orBjcOS2+z/Q=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj0orcq9gPaEDbbabt0swm7G6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvTATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqlGwSU2DDcC24lCGoUCW+HoZuq3nlBpHstHM07Qj+hA8j5n1FipdRdkD0F1EpTKbsWdgSwTLydlyFEPSl/dXszSCKVhgmrd8dzE+BlVhjOBk2I31ZhQNqID7FgqaYTaz2bnTsipVXqkHytb0pCZ+nsio5HW4yi0nRE1Q73oTcX/vE5q+ld+xmWSGpRsvqifCmJiMv2d9LhCZsTYEsoUt7cSNqSKMmMTKtoQvMWXl0mzWvEuKt79ebl2ncdRgGM4gTPw4BJqcAt1aACDETzDK7w5ifPivDsf89YVJ585gj9wPn8A5fKPSQ==</latexit>

IR2

<latexit sha1_base64="TnEE2WWASsZNnk8i828ynVZmN6w=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOxF71VsB/QhrDZTtulm03Y3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6QaBZfYNNwI7CQKaRQKbIfj+sxvP6HSPJaPZpKgH9Gh5APOqLFS+z7I6oE3DcoVt+rOQVaJl5MK5GgE5a9eP2ZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/Nzp+TMKn0yiJUtachc/T2R0UjrSRTazoiakV72ZuJ/Xjc1gxs/4zJJDUq2WDRIBTExmf1O+lwhM2JiCWWK21sJG1FFmbEJlWwI3vLLq6R1UfWuqt7DZaV2m8dRhBM4hXPw4BpqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx84nz/NhI85</latexit>

IC1

<latexit sha1_base64="GwQY8IrZBhjRTNFGMDj00NYSjww=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi4KHCvYD2hA222m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0wE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxaodUo+ASG4Ybge1EIY1Cga1wdDP1W0+oNI/loxkn6Ed0IHmfM2qs1LoLsvvAmwTlilt1ZyDLxMtJBXLUg/JXtxezNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZuRNyYpUe6cfKljRkpv6eyGik9TgKbWdEzVAvelPxP6+Tmv6Vn3GZpAYlmy/qp4KYmEx/Jz2ukBkxtoQyxe2thA2poszYhEo2BG/x5WXSPKt6F1Xv4bxSu87jKMIRHMMpeHAJNbiFOjSAwQie4RXenMR5cd6dj3lrwclnDuEPnM8f20OPQg==</latexit>

IL1

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=
<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+
<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+
<latexit sha1_base64="AOc6Fd3khZb3EIrY5zfqx+ZJbcc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj0ouChgv2ANoTNdtsu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxMpDLrut7Oyura+sVnYKm7v7O7tlw4OmyZONeMNFstYt0NquBSKN1Cg5O1EcxqFkrfC0c3Ubz1xbUSsHnGccD+iAyX6glG0UusuyO6D6iQold2KOwNZJl5OypCjHpS+ur2YpRFXyCQ1puO5CfoZ1SiY5JNiNzU8oWxEB7xjqaIRN342O3dCTq3SI/1Y21JIZurviYxGxoyj0HZGFIdm0ZuK/3mdFPtXfiZUkiJXbL6on0qCMZn+TnpCc4ZybAllWthbCRtSTRnahIo2BG/x5WXSrFa8i4r3cF6uXedxFOAYTuAMPLiEGtxCHRrAYATP8ApvTuK8OO/Ox7x1xclnjuAPnM8f3MiPQw==</latexit>

IL2

<latexit sha1_base64="VsGL7b1yiE5+1O7tQ/K2/OKcqEI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi96q2A9oQ9hsp+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVKNgktsGG4EthOFNAoFtsLRzdRvPaHSPJaPZpygH9GB5H3OqLFS6y7IHgJvEpQrbtWdgSwTLycVyFEPyl/dXszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2bnTsiJVXqkHytb0pCZ+nsio5HW4yi0nRE1Q73oTcX/vE5q+ld+xmWSGpRsvqifCmJiMv2d9LhCZsTYEsoUt7cSNqSKMmMTKtkQvMWXl0nzrOpdVL3780rtOo+jCEdwDKfgwSXU4Bbq0AAGI3iGV3hzEufFeXc+5q0FJ585hD9wPn8A5G2PSA==</latexit>

IR1

<latexit sha1_base64="ui0PjEKnT3Mj0IPtjJVSmV0zoGc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix6UfBQwX5AG8pmO2mXbjZhdyOU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz85hMqzWP5aEYJ+hHtSx5yRo2Vmnfd7L57Nu6Wym7FnYIsEi8nZchR65a+Or2YpRFKwwTVuu25ifEzqgxnAsfFTqoxoWxI+9i2VNIItZ9Nzx2TY6v0SBgrW9KQqfp7IqOR1qMosJ0RNQM9703E/7x2asIrP+MySQ1KNlsUpoKYmEx+Jz2ukBkxsoQyxe2thA2ooszYhIo2BG/+5UXSOK14FxXv4bxcvc7jKMAhHMEJeHAJVbiFGtSBwRCe4RXenMR5cd6dj1nrkpPPHMAfOJ8/3k2PRA==</latexit>

IL3
<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=
<latexit sha1_base64="AOc6Fd3khZb3EIrY5zfqx+ZJbcc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj0ouChgv2ANoTNdtsu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxMpDLrut7Oyura+sVnYKm7v7O7tlw4OmyZONeMNFstYt0NquBSKN1Cg5O1EcxqFkrfC0c3Ubz1xbUSsHnGccD+iAyX6glG0UusuyO6D6iQold2KOwNZJl5OypCjHpS+ur2YpRFXyCQ1puO5CfoZ1SiY5JNiNzU8oWxEB7xjqaIRN342O3dCTq3SI/1Y21JIZurviYxGxoyj0HZGFIdm0ZuK/3mdFPtXfiZUkiJXbL6on0qCMZn+TnpCc4ZybAllWthbCRtSTRnahIo2BG/x5WXSrFa8i4r3cF6uXedxFOAYTuAMPLiEGtxCHRrAYATP8ApvTuK8OO/Ox7x1xclnjuAPnM8f3MiPQw==</latexit>

IL2

<latexit sha1_base64="tgP/Z9Xw8CEy4BnlhDG/VN1jdRM=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0QtQzaWFhENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/loxkn6Ed0IHnIGTVWerjrVXulsltxZyDLxMtJGXLUe6Wvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezUyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDKz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2naINwVt8eZk0qxXvouLdn5dr13kcBTiGEzgDDy6hBrdQhwYwGMAzvMKbI5wX5935mLeuOPnMEfyB8/kDzBWNew==</latexit>

L2
<latexit sha1_base64="wt1BL/QBIeAhMplX0UIqxESMHtI=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbyma7bZduNnF3Uiwhv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLYikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJko043UWyUi3Amq4FIrXUaDkrVhzGgaSN4PR7dRvjrk2IlIPOIm5H9KBEn3BKFrJb3TTDvInTIXKsm6p7FbcGcgy8XJShhy1bumr04tYEnKFTFJj2p4bo59SjYJJnhU7ieExZSM64G1LFQ258dPZ0Rk5tUqP9CNtSyGZqb8nUhoaMwkD2xlSHJpFbyr+57UT7F/79qE4Qa7YfFE/kQQjMk2A9ITmDOXEEsq0sLcSNqSaMrQ5FW0I3uLLy6RxXvEuK979Rbl6k8dRgGM4gTPw4AqqcAc1qAODR3iGV3hzxs6L8+58zFtXnHzmCP7A+fwBkC2Snw==</latexit>

Vin

+

- <latexit sha1_base64="GT4xpmrEdwiJRKE0MQZQRCmlpEc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF49VrC20S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLK6tr6RnmzsrW9s7tX3T94NHGqKWvRWMS6ExLDBFesZbkVrJNoRmQoWDsc3+R++4lpw2P1YCcJCyQZKh5xSmwu3fcx6ldrft2fAS0TXJAaFGj2q1+9QUxTyZSlghjTxX5ig4xoy6lg00ovNSwhdEyGrOuoIpKZIJvdOkUnThmgKNaulEUz9fdERqQxExm6TknsyCx6ufif101tdBVkXCWpZYrOF0WpQDZG+eNowDWjVkwcIVRzdyuiI6IJtS6eigsBL768TB7P6viiju/Oa43rIo4yHMExnAKGS2jALTShBRRG8Ayv8OZJ78V79z7mrSWvmDmEP/A+fwAqDo2q</latexit>

R1

<latexit sha1_base64="iVav0SD6ukt3cxLAPZSfMj3b8So=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6jHoxWN85AHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh/tetVcquxV3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns1Ak5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06RRuCt/jyMmlWK95Fxbs7L9eu8zgKcAwncAYeXEINbqEODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wfVOY2B</latexit>

R2

<latexit sha1_base64="3upFwxL218QtWxlQN4/2WM1PrnQ=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoY2ER0XxAcoS9zVyyZG/v2N0TwpGfYGOhiK2/yM5/4ya5QhMfDDzem2FmXpAIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Gbqt55QaR7LRzNO0I/oQPKQM2qs9HDX83rlilt1ZyDLxMtJBXLUe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezUyfkxCp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDKz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2nZINwVt8eZk0z6reRdW7P6/UrvM4inAEx3AKHlxCDW6hDg1gMIBneIU3RzgvzrvzMW8tOPnMIfyB8/kDypGNeg==</latexit>

L1

<latexit sha1_base64="7VF92KemGrFjQvM4HJqmUp9xFP8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5U1DJoY2ER0XxAcoS9zVyyZG/v2N0TwpGfYGOhiK2/yM5/4ya5QqMPBh7vzTAzL0gE18Z1v5zC0vLK6lpxvbSxubW9U97da+o4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W4+oNI/lgxkn6Ed0IHnIGTVWur/tnfbKFbfqzkD+Ei8nFchR75U/u/2YpRFKwwTVuuO5ifEzqgxnAielbqoxoWxEB9ixVNIItZ/NTp2QI6v0SRgrW9KQmfpzIqOR1uMosJ0RNUO96E3F/7xOasJLP+MySQ1KNl8UpoKYmEz/Jn2ukBkxtoQyxe2thA2poszYdEo2BG/x5b+keVL1zqve3VmldpXHUYQDOIRj8OACanADdWgAgwE8wQu8OsJ5dt6c93lrwcln9uEXnI9vzZmNfA==</latexit>

L3

<latexit sha1_base64="/9/jGZ0vlRZWqdyEx+VyF790KTY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOxF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7G9ZnffuLaiFg94iThfkSHSoSCUbTSQ73v9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MbPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqndV9e4vK7XbPI4inMApnIMH11CDO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gC8241x</latexit>

C1

sum of voltage 
around a loop = 0

sum of currents 
into a node = 0

RLC Circuits
… one state per object with dynamics

Inductor state:  current

Capacitor state:  charge or voltage …analogous 
to position 

…analogous 
to velocity

 (proportional)

States:

SECOND ORDER SYSTEMS (2nd order 
derivatives)

KVL:

KCL

Graph Relations:Dynamics:
<latexit sha1_base64="iclc2bJBHFz6AyA5ZOOt0qHOdbc=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9gVUS9CMBe9JWAekCzL7GSSDJl9MNMbCEv+xIsHRbz6J978GyfJHjRa0FBUdc90V5BIodFxvqzC2vrG5lZxu7Szu7d/YB8etXScKsabLJax6gRUcyki3kSBkncSxWkYSN4OxrW5355wpUUcPeI04V5Ih5EYCEbRSL5t9/oxZo2ZXyO3hDz4Nd8uOxVnAfKXuDkpQ466b3+aJ1ga8giZpFp3XSdBL6MKBZN8VuqlmieUjemQdw2NaMi1ly02n5Ezo/TJIFamIiQL9edERkOtp2FgOkOKI73qzcX/vG6KgxsvE1GSIo/Y8qNBKgnGZB4D6QvFGcqpIZQpYXYlbEQVZWjCKpkQ3NWT/5LWRcW9qriNy3L1Lo+jCCdwCufgwjVU4R7q0AQGE3iCF3i1MuvZerPel60FK585hl+wPr4BtZeSZw==</latexit>

Q̇C = IC
<latexit sha1_base64="kvZAs6fBEpRp6l5/fgKvNkhP9lc=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1I1QdKPQRQX7gDaEyXTSDp1MwsxEKbGf4saFIm79Enf+jdM2C60euHA4596Ze0+QcKa043xZhaXlldW14nppY3Nre8cu77ZUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYyupn77nkrFYnGnxwn1IjwQLGQEayP5drne68c6u5n4dXSBUMuv+3bFqTozoL/EzUkFcjR8+9M8QdKICk04VqrrOon2Miw1I5xOSr1U0QSTER7QrqECR1R52Wz1CTo0Sh+FsTQlNJqpPycyHCk1jgLTGWE9VIveVPzP66Y6PPcyJpJUU0HmH4UpRzpG0xxQn0lKNB8bgolkZldEhlhiok1aJROCu3jyX9I6rrqnVff2pFK7zOMowj4cwBG4cAY1uIYGNIHAAzzBC7xaj9az9Wa9z1sLVj6zB79gfXwDdZyS1A==</latexit>

LİL = VL

Elements:

<latexit sha1_base64="yzPFYhDZ+YUmrxE6LHXKLrdsBlQ=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqBuh6EZ3tdgHTIeSSTNtaCYZkoxQhn6GGxeKuPVr3Pk3pu0stPVAyOGce7n3njDhTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKVlqghtEsml6oRYU84EbRpmOO0kiuI45LQdjm6nfvuJKs2keDTjhAYxHggWMYKNlfxWr4GuUePefr1yxa26M6Bl4uWkAjnqvfJXty9JGlNhCMda+56bmCDDyjDC6aTUTTVNMBnhAfUtFTimOshmK0/QiVX6KJLKPmHQTP3dkeFY63Ec2soYm6Fe9Kbif56fmugqyJhIUkMFmQ+KUo6MRNP7UZ8pSgwfW4KJYnZXRIZYYWJsSiUbgrd48jJpnVW9i6r3cF6p3eRxFOEIjuEUPLiEGtxBHZpAQMIzvMKbY5wX5935mJcWnLznEP7A+fwBJxGP3g==</latexit>

VR = RIR
<latexit sha1_base64="65yLYnn4RXaXj3LJxmgpITwKqpw=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqsyIqBuh6Eahiwr2Ae0wZNJMG5rJDMkdpYz9FDcuFHHrl7jzb0zbWWj1QODknHvIzQkSwTU4zpdVWFpeWV0rrpc2Nre2d+zybkvHqaKsSWMRq05ANBNcsiZwEKyTKEaiQLB2MLqa+u17pjSP5R2ME+ZFZCB5yCkBI/l2ueXX8QWu9/oxZDcTc/HtilN1ZsB/iZuTCsrR8O1PE6ZpxCRQQbTuuk4CXkYUcCrYpNRLNUsIHZEB6xoqScS0l81Wn+BDo/RxGCtzJOCZ+jORkUjrcRSYyYjAUC96U/E/r5tCeO5lXCYpMEnnD4WpwBDjaQ+4zxWjIMaGEKq42RXTIVGEgmmrZEpwF7/8l7SOq+5p1b09qdQu8zqKaB8doCPkojNUQ9eogZqIogf0hF7Qq/VoPVtv1vt8tGDlmT30C9bHN2+TktQ=</latexit>

VL = LİL

<latexit sha1_base64="oMgJF0Cs7xKBZ/t/ajBXxWnmiQk=">AAAB8XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQzMVjC/YD2xA22027dLMJuxuhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq3S2vrG5lZ5u7Kzu7d/YB8etVWSSUJbJOGJ7IZYUc4EbWmmOe2mkuI45LQTjr2Z33miUrFEPOhJSv0YDwWLGMHaSI/NwEO3yGsHXmBXnZozB1olbkGqUKAR2F/9QUKymApNOFaq5zqp9nMsNSOcTiv9TNEUkzEe0p6hAsdU+fn84ik6M8oARYk0JTSaq78nchwrNYlD0xljPVLL3kz8z+tlOrrxcybSTFNBFouijCOdoNn7aMAkJZpPDMFEMnMrIiMsMdEmpIoJwV1+eZW0L2ruVc1tXlbrd0UcZTiBUzgHF66hDvfQgBYQEPAMr/BmKevFerc+Fq0lq5g5hj+wPn8Alf+Pjw==</latexit>

QC = CVC

<latexit sha1_base64="Elil8fvPVsuoxqABB1Owy1HMdpo=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMtiNy5bsA9ohyGTpm1oJjMkd4Qy9DfcuFDErT/jzr8xbWehrQcCh3Pu4d6cMJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1LDpVC8hQIl7yaa0yiUvBNO6nO/88S1EbF6xGnC/YiOlBgKRtFK/f4gRtIMsnrgzYJyxa26C5B14uWkAjkaQfnLxlkacYVMUmN6npugn1GNgkk+K/VTwxPKJnTEe5YqGnHjZ4ubZ+TCKgMyjLV9CslC/Z3IaGTMNArtZERxbFa9ufif10txeOdnQiUpcsWWi4apJBiTeQFkIDRnKKeWUKaFvZWwMdWUoa2pZEvwVr+8TtpXVe+m6jWvK7X7vI4inME5XIIHt1CDB2hACxgk8Ayv8Oakzovz7nwsRwtOnjmFP3A+fwBOo5E2</latexit>

Q̇C1
<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="ui0PjEKnT3Mj0IPtjJVSmV0zoGc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix6UfBQwX5AG8pmO2mXbjZhdyOU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz85hMqzWP5aEYJ+hHtSx5yRo2Vmnfd7L57Nu6Wym7FnYIsEi8nZchR65a+Or2YpRFKwwTVuu25ifEzqgxnAsfFTqoxoWxI+9i2VNIItZ9Nzx2TY6v0SBgrW9KQqfp7IqOR1qMosJ0RNQM9703E/7x2asIrP+MySQ1KNlsUpoKYmEx+Jz2ukBkxsoQyxe2thA2ooszYhIo2BG/+5UXSOK14FxXv4bxcvc7jKMAhHMEJeHAJVbiFGtSBwRCe4RXenMR5cd6dj1nrkpPPHMAfOJ8/3k2PRA==</latexit>

IL3
<latexit sha1_base64="KTcTtUnmZcm/a2cj2dg6AHoG/wY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUP++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSvKh4VxWvflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPdoWMtw==</latexit>�

<latexit sha1_base64="GwQY8IrZBhjRTNFGMDj00NYSjww=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi4KHCvYD2hA222m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0wE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxaodUo+ASG4Ybge1EIY1Cga1wdDP1W0+oNI/loxkn6Ed0IHmfM2qs1LoLsvvAmwTlilt1ZyDLxMtJBXLUg/JXtxezNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZuRNyYpUe6cfKljRkpv6eyGik9TgKbWdEzVAvelPxP6+Tmv6Vn3GZpAYlmy/qp4KYmEx/Jz2ukBkxtoQyxe2thA2poszYhEo2BG/x5WXSPKt6F1Xv4bxSu87jKMIRHMMpeHAJNbiFOjSAwQie4RXenMR5cd6dj3lrwclnDuEPnM8f20OPQg==</latexit>

IL1

<latexit sha1_base64="AOc6Fd3khZb3EIrY5zfqx+ZJbcc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj0ouChgv2ANoTNdtsu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxMpDLrut7Oyura+sVnYKm7v7O7tlw4OmyZONeMNFstYt0NquBSKN1Cg5O1EcxqFkrfC0c3Ubz1xbUSsHnGccD+iAyX6glG0UusuyO6D6iQold2KOwNZJl5OypCjHpS+ur2YpRFXyCQ1puO5CfoZ1SiY5JNiNzU8oWxEB7xjqaIRN342O3dCTq3SI/1Y21JIZurviYxGxoyj0HZGFIdm0ZuK/3mdFPtXfiZUkiJXbL6on0qCMZn+TnpCc4ZybAllWthbCRtSTRnahIo2BG/x5WXSrFa8i4r3cF6uXedxFOAYTuAMPLiEGtxCHRrAYATP8ApvTuK8OO/Ox7x1xclnjuAPnM8f3MiPQw==</latexit>

IL2

<latexit sha1_base64="KTcTtUnmZcm/a2cj2dg6AHoG/wY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUP++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSvKh4VxWvflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPdoWMtw==</latexit>�
<latexit sha1_base64="5LABX/1GO417TG/Y+cl68Ipr+S4=">AAAB/HicbZDLSgMxFIbP1Futt9Eu3QSL4KrMFFE3QtGNgosK9gLtMGTSTBuayQxJRihDfRU3LhRx64O4821M21lo64HAx/+fk5z8QcKZ0o7zbRVWVtfWN4qbpa3tnd09e/+gpeJUEtokMY9lJ8CKciZoUzPNaSeRFEcBp+1gdD31249UKhaLBz1OqBfhgWAhI1gbybfLd34N9fqxRrd+ZniCLpFvV5yqMyu0DG4OFcir4dtf5gaSRlRowrFSXddJtJdhqRnhdFLqpYommIzwgHYNChxR5WWz5Sfo2Ch9FMbSHKHRTP09keFIqXEUmM4I66Fa9Kbif1431eGFlzGRpJoKMn8oTDnSMZomgfpMUqL52AAmkpldERliiYk2eZVMCO7il5ehVau6Z1X3/rRSv8rjKMIhHMEJuHAOdbiBBjSBwBie4RXerCfrxXq3PuatBSufKcOfsj5/ACfQkyk=</latexit>

L2İL2 =
<latexit sha1_base64="SLaV+rVhRSOojFpNvyMP0FX+/SU=">AAACCnicbVDLSgMxFM3UV62vUZduokVwY5kpoi6L3Si4aMU+oB1CJs20oZkHSUYow6zd+CtuXCji1i9w59+YTmehrQfu5XDOvST3uBFnUlnWt1FYWl5ZXSuulzY2t7Z3zN29tgxjQWiLhDwUXRdLyllAW4opTruRoNh3Oe244/rU7zxQIVkY3KtJRB0fDwPmMYKVlpB52PcEJkkTJXVkp2nW4Sm8Q1V4g5JbVE2RWbYqVga4SOyclEGOBjK/+oOQxD4NFOFYyp5tRcpJsFCMcJqW+rGkESZjPKQ9TQPsU+kk2SkpPNbKAHqh0BUomKm/NxLsSznxXT3pYzWS895U/M/rxcq7dBIWRLGiAZk95MUcqhBOc4EDJihRfKIJJoLpv0IywjobpdMr6RDs+ZMXSbtasc8rdvOsXLvK4yiCA3AEToANLkANXIMGaAECHsEzeAVvxpPxYrwbH7PRgpHv7IM/MD5/AOtYmR4=</latexit>

QC1

C1
�R2IL2

<latexit sha1_base64="7bD89nl84dSy4NM3C6yVqV32v2g=">AAAB/HicbZDLSsNAFIZP6q3WW7RLN4NFcFUSEXUjFN0ouKhgL9CGMJlO2qGTSZiZCCHUV3HjQhG3Pog738Zpm4VWDwx8/P85M2f+IOFMacf5skpLyyura+X1ysbm1vaOvbvXVnEqCW2RmMeyG2BFORO0pZnmtJtIiqOA004wvpr6nQcqFYvFvc4S6kV4KFjICNZG8u3qre+i/iDW6MbPDU/QBfLtmlN3ZoX+gltADYpq+vanuYGkERWacKxUz3US7eVYakY4nVT6qaIJJmM8pD2DAkdUefls+Qk6NMoAhbE0R2g0U39O5DhSKosC0xlhPVKL3lT8z+ulOjz3ciaSVFNB5g+FKUc6RtMk0IBJSjTPDGAimdkVkRGWmGiTV8WE4C5++S+0j+vuad29O6k1Los4yrAPB3AELpxBA66hCS0gkMETvMCr9Wg9W2/W+7y1ZBUzVfhV1sc3JLSTJw==</latexit>

L1İL1 =
<latexit sha1_base64="uSMDc7bt7byRj5c1yhGVMmsIUaM=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJiLoRit24bME+oA1hMp20QycPZiZCiVn4K25cKOLW33Dn3zhNs9DWA/dyOOde5s7xYs6ksqxvo7Syura+Ud6sbG3v7O6Z+wcdGSWC0DaJeCR6HpaUs5C2FVOc9mJBceBx2vUmjZnffaBCsii8V9OYOgEehcxnBCstuebRDUIDX2CStty04dpZlnfXrFo1KwdaJnZBqlCg6Zpfg2FEkoCGinAsZd+2YuWkWChGOM0qg0TSGJMJHtG+piEOqHTS/P4MnWpliPxI6AoVytXfGykOpJwGnp4MsBrLRW8m/uf1E+VfOykL40TRkMwf8hOOVIRmYaAhE5QoPtUEE8H0rYiMsU5D6cgqOgR78cvLpHNesy9rduuiWr8t4ijDMZzAGdhwBXW4gya0gcAjPMMrvBlPxovxbnzMR0tGsXMIf2B8/gCrV5VA</latexit>

=
QC1

C1

<latexit sha1_base64="W6VvTg7zQFEjgH64mJkQOnsLDvY="></latexit>2

664

0 1 1 �1
1

L1C1
0 0 0

1
L2C1

0 �R2
L2

0
�1

L3C1
0 �1

L2R2

�R1
L3

3

775

<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=
<latexit sha1_base64="R7a7gc1TdY3DOkhF4N9sub2bZbQ=">AAACMHicbZDNSsNAFIUn9T/+RV26GSyCq5KoqMuiCxVctGBVaEqYTG/r0MkkzEzEEvJIbnwU3Sgo4tancFqDVuuBgY9z72XuPWHCmdKu+2yVJianpmdm5+z5hcWlZWdl9ULFqaTQoDGP5VVIFHAmoKGZ5nCVSCBRyOEy7B0N6pc3IBWLxbnuJ9CKSFewDqNEGytwjv0QukxkYUS0ZLe5XQ+yo8DLse/j0yA7G8XtH9zJse2DaH/PBU7ZrbhD4XHwCiijQrXAefDbMU0jEJpyolTTcxPdyojUjHLIbT9VkBDaI11oGhQkAtXKhgfneNM4bdyJpXlC46E7OpGRSKl+FJpOs9+1+lsbmP/VmqnuHLQyJpJUg6BfH3VSjnWMB+nhNpNANe8bIFQysyum10QSqk3GtgnB+3vyOFxsV7y9ilffLVcPizhm0TraQFvIQ/uoik5QDTUQRXfoEb2gV+veerLerPev1pJVzKyhX7I+PgH7gahX</latexit>2

664

QC1

IL1

IL2

IL3

3

775

<latexit sha1_base64="dy6fXSf+9AbXKXSB7o8SyUOxQuU="></latexit>2

664

Q̇C1

İL1

İL2

İL3

3

775

<latexit sha1_base64="wo4g9ARd9or999zE+N7jUugZLoQ=">AAACI3icbVDLSgMxFM34rONr1KWbYBFclRkRFVdFNy5cVLAP6Awlk95pQzOZIcmIZei/uPFX3LhQihsX/ovpg6KtBxIO59yb3HvClDOlXffLWlpeWV1bL2zYm1vbO7vO3n5NJZmkUKUJT2QjJAo4E1DVTHNopBJIHHKoh72bkV9/BKlYIh50P4UgJh3BIkaJNlLLufJD6DCRhzHRkj0NbBf7Pp5dth9JQnNvkN+1vIHtg2jPSltO0S25Y+BF4k1JEU1RaTlDv53QLAahKSdKNT031UFOpGaUg3k9U5AS2iMdaBoqSAwqyMc7DvCxUdo4SqQ5QuOx+rsjJ7FS/Tg0lWa+rpr3RuJ/XjPT0WWQM5FmGgSdfBRlHOsEjwLDbSaBat43hFDJzKyYdolJRZtYbROCN7/yIqmdlrzzknd/VixfT+MooEN0hE6Qhy5QGd2iCqoiip7RK3pHH9aL9WYNrc9J6ZI17TlAf2B9/wDUXqMy</latexit>2

664

0
0
0
1
L1

3

775

<latexit sha1_base64="wt1BL/QBIeAhMplX0UIqxESMHtI=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbyma7bZduNnF3Uiwhv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLYikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJko043UWyUi3Amq4FIrXUaDkrVhzGgaSN4PR7dRvjrk2IlIPOIm5H9KBEn3BKFrJb3TTDvInTIXKsm6p7FbcGcgy8XJShhy1bumr04tYEnKFTFJj2p4bo59SjYJJnhU7ieExZSM64G1LFQ258dPZ0Rk5tUqP9CNtSyGZqb8nUhoaMwkD2xlSHJpFbyr+57UT7F/79qE4Qa7YfFE/kQQjMk2A9ITmDOXEEsq0sLcSNqSaMrQ5FW0I3uLLy6RxXvEuK979Rbl6k8dRgGM4gTPw4AqqcAc1qAODR3iGV3hzxs6L8+58zFtXnHzmCP7A+fwBkC2Snw==</latexit>

Vin

States: KVL/KCL Equations:

KVL

KCL

Derivations

Inductor dynamics 
(in terms of states…) 

Capacitor dynamics 
(in terms of states…) 

<latexit sha1_base64="ta5vnlb4OfUZgn9zIt7RJfE1SCo=">AAACD3icbZDLSgMxFIYzXmu9jbp0EyyKG8ukiroRit0ouKhgL9AOQybNtKGZzJBkhDLMG7jxVdy4UMStW3e+jekF0dYfAh//OYeT8/sxZ0o7zpc1N7+wuLScW8mvrq1vbNpb23UVJZLQGol4JJs+VpQzQWuaaU6bsaQ49Dlt+P3KsN64p1KxSNzpQUzdEHcFCxjB2liefXDtpRUPZRBeQIM33nEGj8aEfqiUeXbBKTojwVlAEyiAiaqe/dnuRCQJqdCEY6VayIm1m2KpGeE0y7cTRWNM+rhLWwYFDqly09E9Gdw3TgcGkTRPaDhyf0+kOFRqEPqmM8S6p6ZrQ/O/WivRwbmbMhEnmgoyXhQkHOoIDsOBHSYp0XxgABPJzF8h6WGJiTYR5k0IaPrkWaiXiui0iG5PCuXLSRw5sAv2wCFA4AyUwRWoghog4AE8gRfwaj1az9ab9T5unbMmMzvgj6yPbxemmY4=</latexit>

IC1 = IL3 � IL1 � IL2

<latexit sha1_base64="c0xFmvZnpKaaI9esixPVvFFt5xU=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBU9gVUS9CMBePCZgHJMsyO5kkQ2YfzPQKccmXePGgiFc/xZt/4yTZgyYWNBRV3TPdFSRSaHScb2ttfWNza7uwU9zd2z8o2YdHLR2nivEmi2WsOgHVXIqIN1Gg5J1EcRoGkreDcW3mtx+50iKOHnCScC+kw0gMBKNoJN8u9foxkoaf1Xx3Sm6Jb5edijMHWSVuTsqQo+7bX+YFloY8Qiap1l3XSdDLqELBJJ8We6nmCWVjOuRdQyMacu1l88Wn5MwofTKIlakIyVz9PZHRUOtJGJjOkOJIL3sz8T+vm+LgxstElKTII7b4aJBKgjGZpUD6QnGGcmIIZUqYXQkbUUUZmqyKJgR3+eRV0rqouFcVt3FZrt7lcRTgBE7hHFy4hircQx2awCCFZ3iFN+vJerHerY9F65qVzxzDH1ifPwAVkgI=</latexit>

Q̇C1 =

 since…
<latexit sha1_base64="gxApImIVm2wLI88ZCYTf0RMgY10=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68eChgv2ANoTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1MpDLrut7Oyura+sVnaKm/v7O7tVw4OWybJNONNlshEd0JquBSKN1Gg5J1UcxqHkrfD0e3Ubz9xbUSiHnGccj+mAyUiwShaqd0K8vvAmwSVqltzZyDLxCtIFQo0gspXr5+wLOYKmaTGdD03RT+nGgWTfFLuZYanlI3ogHctVTTmxs9n507IqVX6JEq0LYVkpv6eyGlszDgObWdMcWgWvan4n9fNMLr2c6HSDLli80VRJgkmZPo76QvNGcqxJZRpYW8lbEg1ZWgTKtsQvMWXl0nrvOZd1ryHi2r9poijBMdwAmfgwRXU4Q4a0AQGI3iGV3hzUufFeXc+5q0rTjFzBH/gfP4A70WPTw==</latexit>

VL1

<latexit sha1_base64="niKH4ScneysAzYefIxtxPoY41oU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOxF48V7Ae0IWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT5tzvPnJtRKIecJpyP6YjJSLBKFqp2wnyZuDNgmrNrbsLkL/EK0gNCrSC6udgmLAs5gqZpMb0PTdFP6caBZN8VhlkhqeUTeiI9y1VNObGzxfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuvFzodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtcZtEUcZTuAUzsGDa2jAHbSgDQwm8AQv8OqkzrPz5rwvW0tOMXMMv+B8fAPhho9G</latexit>

VC1

<latexit sha1_base64="E73c3xfcPsNUeX+nOpsA4nSBkhA=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe6CqGXQxsIigvmA5Dj2Nptkyd7esTsnhCM/wsZCEVt/j53/xk1yhSY+GHi8N8PMvDCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNSw6VQvIkCJe8kmtMolLwdjm9nfvuJayNi9YiThPsRHSoxEIyildqtILsPatOgXHGr7hxklXg5qUCORlD+6vVjlkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NwpObNKnwxibUshmau/JzIaGTOJQtsZURyZZW8m/ud1Uxxc+5lQSYpcscWiQSoJxmT2O+kLzRnKiSWUaWFvJWxENWVoEyrZELzll1dJq1b1Lqvew0WlfpPHUYQTOIVz8OAK6nAHDWgCgzE8wyu8OYnz4rw7H4vWgpPPHMMfOJ8/8MqPUA==</latexit>

VL2

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>= <latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>= <latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=
<latexit sha1_base64="E73c3xfcPsNUeX+nOpsA4nSBkhA=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe6CqGXQxsIigvmA5Dj2Nptkyd7esTsnhCM/wsZCEVt/j53/xk1yhSY+GHi8N8PMvDCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNSw6VQvIkCJe8kmtMolLwdjm9nfvuJayNi9YiThPsRHSoxEIyildqtILsPatOgXHGr7hxklXg5qUCORlD+6vVjlkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NwpObNKnwxibUshmau/JzIaGTOJQtsZURyZZW8m/ud1Uxxc+5lQSYpcscWiQSoJxmT2O+kLzRnKiSWUaWFvJWxENWVoEyrZELzll1dJq1b1Lqvew0WlfpPHUYQTOIVz8OAK6nAHDWgCgzE8wyu8OYnz4rw7H4vWgpPPHMMfOJ8/8MqPUA==</latexit>

VL2

<latexit sha1_base64="xHfOfQk3SMVwmzTCDSAjUCwi9SE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF49V7Ae0IWy203bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCalGwSU2DTcCO4lCGoUC2+H4dua3n1BpHstHM0nQj+hQ8gFn1Fip3Qqyh6A2DcoVt+rOQVaJl5MK5GgE5a9eP2ZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/Nzp+TMKn0yiJUtachc/T2R0UjrSRTazoiakV72ZuJ/Xjc1g2s/4zJJDUq2WDRIBTExmf1O+lwhM2JiCWWK21sJG1FFmbEJlWwI3vLLq6RVq3qXVe/+olK/yeMowgmcwjl4cAV1uIMGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx/59I9W</latexit>

VR2

<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+
<latexit sha1_base64="uSMDc7bt7byRj5c1yhGVMmsIUaM=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJiLoRit24bME+oA1hMp20QycPZiZCiVn4K25cKOLW33Dn3zhNs9DWA/dyOOde5s7xYs6ksqxvo7Syura+Ud6sbG3v7O6Z+wcdGSWC0DaJeCR6HpaUs5C2FVOc9mJBceBx2vUmjZnffaBCsii8V9OYOgEehcxnBCstuebRDUIDX2CStty04dpZlnfXrFo1KwdaJnZBqlCg6Zpfg2FEkoCGinAsZd+2YuWkWChGOM0qg0TSGJMJHtG+piEOqHTS/P4MnWpliPxI6AoVytXfGykOpJwGnp4MsBrLRW8m/uf1E+VfOykL40TRkMwf8hOOVIRmYaAhE5QoPtUEE8H0rYiMsU5D6cgqOgR78cvLpHNesy9rduuiWr8t4ijDMZzAGdhwBXW4gya0gcAjPMMrvBlPxovxbnzMR0tGsXMIf2B8/gCrV5VA</latexit>

=
QC1

C1

<latexit sha1_base64="bZTwEMHwtVPkwP0orBjcOS2+z/Q=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj0orcq9gPaEDbbabt0swm7G6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvTATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqlGwSU2DDcC24lCGoUCW+HoZuq3nlBpHstHM07Qj+hA8j5n1FipdRdkD0F1EpTKbsWdgSwTLydlyFEPSl/dXszSCKVhgmrd8dzE+BlVhjOBk2I31ZhQNqID7FgqaYTaz2bnTsipVXqkHytb0pCZ+nsio5HW4yi0nRE1Q73oTcX/vE5q+ld+xmWSGpRsvqifCmJiMv2d9LhCZsTYEsoUt7cSNqSKMmMTKtoQvMWXl0mzWvEuKt79ebl2ncdRgGM4gTPw4BJqcAt1aACDETzDK7w5ifPivDsf89YVJ585gj9wPn8A5fKPSQ==</latexit>

IR2

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=
<latexit sha1_base64="AOc6Fd3khZb3EIrY5zfqx+ZJbcc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj0ouChgv2ANoTNdtsu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxMpDLrut7Oyura+sVnYKm7v7O7tlw4OmyZONeMNFstYt0NquBSKN1Cg5O1EcxqFkrfC0c3Ubz1xbUSsHnGccD+iAyX6glG0UusuyO6D6iQold2KOwNZJl5OypCjHpS+ur2YpRFXyCQ1puO5CfoZ1SiY5JNiNzU8oWxEB7xjqaIRN342O3dCTq3SI/1Y21JIZurviYxGxoyj0HZGFIdm0ZuK/3mdFPtXfiZUkiJXbL6on0qCMZn+TnpCc4ZybAllWthbCRtSTRnahIo2BG/x5WXSrFa8i4r3cF6uXedxFOAYTuAMPLiEGtxCHRrAYATP8ApvTuK8OO/Ox7x1xclnjuAPnM8f3MiPQw==</latexit>

IL2

<latexit sha1_base64="5LABX/1GO417TG/Y+cl68Ipr+S4=">AAAB/HicbZDLSgMxFIbP1Futt9Eu3QSL4KrMFFE3QtGNgosK9gLtMGTSTBuayQxJRihDfRU3LhRx64O4821M21lo64HAx/+fk5z8QcKZ0o7zbRVWVtfWN4qbpa3tnd09e/+gpeJUEtokMY9lJ8CKciZoUzPNaSeRFEcBp+1gdD31249UKhaLBz1OqBfhgWAhI1gbybfLd34N9fqxRrd+ZniCLpFvV5yqMyu0DG4OFcir4dtf5gaSRlRowrFSXddJtJdhqRnhdFLqpYommIzwgHYNChxR5WWz5Sfo2Ch9FMbSHKHRTP09keFIqXEUmM4I66Fa9Kbif1431eGFlzGRpJoKMn8oTDnSMZomgfpMUqL52AAmkpldERliiYk2eZVMCO7il5ehVau6Z1X3/rRSv8rjKMIhHMEJuHAOdbiBBjSBwBie4RXerCfrxXq3PuatBSufKcOfsj5/ACfQkyk=</latexit>

L2İL2 =
<latexit sha1_base64="E73c3xfcPsNUeX+nOpsA4nSBkhA=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe6CqGXQxsIigvmA5Dj2Nptkyd7esTsnhCM/wsZCEVt/j53/xk1yhSY+GHi8N8PMvDCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNSw6VQvIkCJe8kmtMolLwdjm9nfvuJayNi9YiThPsRHSoxEIyildqtILsPatOgXHGr7hxklXg5qUCORlD+6vVjlkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NwpObNKnwxibUshmau/JzIaGTOJQtsZURyZZW8m/ud1Uxxc+5lQSYpcscWiQSoJxmT2O+kLzRnKiSWUaWFvJWxENWVoEyrZELzll1dJq1b1Lqvew0WlfpPHUYQTOIVz8OAK6nAHDWgCgzE8wyu8OYnz4rw7H4vWgpPPHMMfOJ8/8MqPUA==</latexit>

VL2
<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="SLaV+rVhRSOojFpNvyMP0FX+/SU=">AAACCnicbVDLSgMxFM3UV62vUZduokVwY5kpoi6L3Si4aMU+oB1CJs20oZkHSUYow6zd+CtuXCji1i9w59+YTmehrQfu5XDOvST3uBFnUlnWt1FYWl5ZXSuulzY2t7Z3zN29tgxjQWiLhDwUXRdLyllAW4opTruRoNh3Oe244/rU7zxQIVkY3KtJRB0fDwPmMYKVlpB52PcEJkkTJXVkp2nW4Sm8Q1V4g5JbVE2RWbYqVga4SOyclEGOBjK/+oOQxD4NFOFYyp5tRcpJsFCMcJqW+rGkESZjPKQ9TQPsU+kk2SkpPNbKAHqh0BUomKm/NxLsSznxXT3pYzWS895U/M/rxcq7dBIWRLGiAZk95MUcqhBOc4EDJihRfKIJJoLpv0IywjobpdMr6RDs+ZMXSbtasc8rdvOsXLvK4yiCA3AEToANLkANXIMGaAECHsEzeAVvxpPxYrwbH7PRgpHv7IM/MD5/AOtYmR4=</latexit>

QC1

C1
�R2IL2

<latexit sha1_base64="heOY67VdYcQz3F+UgKITObNnOS8="></latexit>

L3İL3 = VL3 = Vin �R1IL3 �
QC1

C1

<latexit sha1_base64="7bD89nl84dSy4NM3C6yVqV32v2g=">AAAB/HicbZDLSsNAFIZP6q3WW7RLN4NFcFUSEXUjFN0ouKhgL9CGMJlO2qGTSZiZCCHUV3HjQhG3Pog738Zpm4VWDwx8/P85M2f+IOFMacf5skpLyyura+X1ysbm1vaOvbvXVnEqCW2RmMeyG2BFORO0pZnmtJtIiqOA004wvpr6nQcqFYvFvc4S6kV4KFjICNZG8u3qre+i/iDW6MbPDU/QBfLtmlN3ZoX+gltADYpq+vanuYGkERWacKxUz3US7eVYakY4nVT6qaIJJmM8pD2DAkdUefls+Qk6NMoAhbE0R2g0U39O5DhSKosC0xlhPVKL3lT8z+ulOjz3ciaSVFNB5g+FKUc6RtMk0IBJSjTPDGAimdkVkRGWmGiTV8WE4C5++S+0j+vuad29O6k1Los4yrAPB3AELpxBA66hCS0gkMETvMCr9Wg9W2/W+7y1ZBUzVfhV1sc3JLSTJw==</latexit>

L1İL1 =
<latexit sha1_base64="gxApImIVm2wLI88ZCYTf0RMgY10=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68eChgv2ANoTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1MpDLrut7Oyura+sVnaKm/v7O7tVw4OWybJNONNlshEd0JquBSKN1Gg5J1UcxqHkrfD0e3Ubz9xbUSiHnGccj+mAyUiwShaqd0K8vvAmwSVqltzZyDLxCtIFQo0gspXr5+wLOYKmaTGdD03RT+nGgWTfFLuZYanlI3ogHctVTTmxs9n507IqVX6JEq0LYVkpv6eyGlszDgObWdMcWgWvan4n9fNMLr2c6HSDLli80VRJgkmZPo76QvNGcqxJZRpYW8lbEg1ZWgTKtsQvMWXl0nrvOZd1ryHi2r9poijBMdwAmfgwRXU4Q4a0AQGI3iGV3hzUufFeXc+5q0rTjFzBH/gfP4A70WPTw==</latexit>

VL1
<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="niKH4ScneysAzYefIxtxPoY41oU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOxF48V7Ae0IWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT5tzvPnJtRKIecJpyP6YjJSLBKFqp2wnyZuDNgmrNrbsLkL/EK0gNCrSC6udgmLAs5gqZpMb0PTdFP6caBZN8VhlkhqeUTeiI9y1VNObGzxfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuvFzodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtcZtEUcZTuAUzsGDa2jAHbSgDQwm8AQv8OqkzrPz5rwvW0tOMXMMv+B8fAPhho9G</latexit>

VC1

<latexit sha1_base64="uSMDc7bt7byRj5c1yhGVMmsIUaM=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJiLoRit24bME+oA1hMp20QycPZiZCiVn4K25cKOLW33Dn3zhNs9DWA/dyOOde5s7xYs6ksqxvo7Syura+Ud6sbG3v7O6Z+wcdGSWC0DaJeCR6HpaUs5C2FVOc9mJBceBx2vUmjZnffaBCsii8V9OYOgEehcxnBCstuebRDUIDX2CStty04dpZlnfXrFo1KwdaJnZBqlCg6Zpfg2FEkoCGinAsZd+2YuWkWChGOM0qg0TSGJMJHtG+piEOqHTS/P4MnWpliPxI6AoVytXfGykOpJwGnp4MsBrLRW8m/uf1E+VfOykL40TRkMwf8hOOVIRmYaAhE5QoPtUEE8H0rYiMsU5D6cgqOgR78cvLpHNesy9rduuiWr8t4ijDMZzAGdhwBXW4gya0gcAjPMMrvBlPxovxbnzMR0tGsXMIf2B8/gCrV5VA</latexit>

=
QC1

C1

<latexit sha1_base64="heOY67VdYcQz3F+UgKITObNnOS8="></latexit>

L3İL3 = VL3 = Vin �R1IL3 �
QC1

C1

<latexit sha1_base64="heOY67VdYcQz3F+UgKITObNnOS8="></latexit>

L3İL3 = VL3 = Vin �R1IL3 �
QC1

C1

RLC Circuits - Circuit 2

Dynamics

State 
Space

<latexit sha1_base64="Nh7TLHkIWAHD9QsOwjc+3htkUJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBexGMug==</latexit>

0
<latexit sha1_base64="/O/jgHdKVom0dXl8hftOudBRkTE=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQq6rHoxYOHCvYD2lg22027dLMJuxOlhPwPLx4U8ep/8ea/cdvmoK0PBh7vzTAzz48F1+g431ZhaXllda24XtrY3NreKe/uNXWUKMoaNBKRavtEM8ElayBHwdqxYiT0BWv5o+uJ33pkSvNI3uM4Zl5IBpIHnBI00kMXA0Vo6mbpbe8065UrTtWZwl4kbk4qkKPeK391+xFNQiaRCqJ1x3Vi9FKikFPBslI30SwmdEQGrGOoJCHTXjq9OrOPjNK3g0iZkmhP1d8TKQm1Hoe+6QwJDvW8NxH/8zoJBpdeymWcIJN0tihIhI2RPYnA7nPFKIqxIYQqbm616ZCYHNAEVTIhuPMvL5LmSdU9r7p3Z5XaVR5HEQ7gEI7BhQuowQ3UoQEUFDzDK7xZT9aL9W59zFoLVj6zD39gff4AbWuSdw==</latexit>

1
L3

<latexit sha1_base64="PBY966hDOsEIvQ2gLkwz3z6K9rQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1Fjp4czrlStu1Z2BLBMvJxXIUe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzS6dkBOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HBKNgRv8eVl0jyvepdV7/6iUrvJ4yjCERzDKXhwBTW4gzo0gEEIz/AKb87IeXHenY95a8HJZw7hD5zPH+XajPI=</latexit>�1
<latexit sha1_base64="PBY966hDOsEIvQ2gLkwz3z6K9rQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1Fjp4czrlStu1Z2BLBMvJxXIUe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzS6dkBOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HBKNgRv8eVl0jyvepdV7/6iUrvJ4yjCERzDKXhwBTW4gzo0gEEIz/AKb87IeXHenY95a8HJZw7hD5zPH+XajPI=</latexit>�1

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1



Current thru inductor 1

Current thru inductor 2

Charge on capacitor 1

<latexit sha1_base64="AOc6Fd3khZb3EIrY5zfqx+ZJbcc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj0ouChgv2ANoTNdtsu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxMpDLrut7Oyura+sVnYKm7v7O7tlw4OmyZONeMNFstYt0NquBSKN1Cg5O1EcxqFkrfC0c3Ubz1xbUSsHnGccD+iAyX6glG0UusuyO6D6iQold2KOwNZJl5OypCjHpS+ur2YpRFXyCQ1puO5CfoZ1SiY5JNiNzU8oWxEB7xjqaIRN342O3dCTq3SI/1Y21JIZurviYxGxoyj0HZGFIdm0ZuK/3mdFPtXfiZUkiJXbL6on0qCMZn+TnpCc4ZybAllWthbCRtSTRnahIo2BG/x5WXSrFa8i4r3cF6uXedxFOAYTuAMPLiEGtxCHRrAYATP8ApvTuK8OO/Ox7x1xclnjuAPnM8f3MiPQw==</latexit>

IL2

<latexit sha1_base64="GwQY8IrZBhjRTNFGMDj00NYSjww=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi4KHCvYD2hA222m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0wE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxaodUo+ASG4Ybge1EIY1Cga1wdDP1W0+oNI/loxkn6Ed0IHmfM2qs1LoLsvvAmwTlilt1ZyDLxMtJBXLUg/JXtxezNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZuRNyYpUe6cfKljRkpv6eyGik9TgKbWdEzVAvelPxP6+Tmv6Vn3GZpAYlmy/qp4KYmEx/Jz2ukBkxtoQyxe2thA2poszYhEo2BG/x5WXSPKt6F1Xv4bxSu87jKMIRHMMpeHAJNbiFOjSAwQie4RXenMR5cd6dj3lrwclnDuEPnM8f20OPQg==</latexit>

IL1

<latexit sha1_base64="cQKE2deI+EArpWLpyjisGP4lUug=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOxF48t2A9oQ9hst+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1LDpVC8hQIl7yaa0yiUvBNO6nO/88S1EbF6xGnC/YiOlBgKRtFKnWaQ1QNvFpQrbtVdgKwTLycVyNEIyl/9QczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOyMXVhmQYaxtKSQL9fdERiNjplFoOyOKY7PqzcX/vF6Kwzs/EypJkSu2XDRMJcGYzH8nA6E5Qzm1hDIt7K2EjammDG1CJRuCt/ryOmlfVb2bqte8rtTu8ziKcAbncAke3EINHqABLWAwgWd4hTcncV6cd+dj2Vpw8plT+APn8wfZ1I9B</latexit>

QC1

<latexit sha1_base64="ui0PjEKnT3Mj0IPtjJVSmV0zoGc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix6UfBQwX5AG8pmO2mXbjZhdyOU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz85hMqzWP5aEYJ+hHtSx5yRo2Vmnfd7L57Nu6Wym7FnYIsEi8nZchR65a+Or2YpRFKwwTVuu25ifEzqgxnAsfFTqoxoWxI+9i2VNIItZ9Nzx2TY6v0SBgrW9KQqfp7IqOR1qMosJ0RNQM9703E/7x2asIrP+MySQ1KNlsUpoKYmEx+Jz2ukBkxsoQyxe2thA2ooszYhIo2BG/+5UXSOK14FxXv4bxcvc7jKMAhHMEJeHAJVbiFGtSBwRCe4RXenMR5cd6dj1nrkpPPHMAfOJ8/3k2PRA==</latexit>

IL3 Current thru inductor 3

<latexit sha1_base64="niKH4ScneysAzYefIxtxPoY41oU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOxF48V7Ae0IWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT5tzvPnJtRKIecJpyP6YjJSLBKFqp2wnyZuDNgmrNrbsLkL/EK0gNCrSC6udgmLAs5gqZpMb0PTdFP6caBZN8VhlkhqeUTeiI9y1VNObGzxfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuvFzodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtcZtEUcZTuAUzsGDa2jAHbSgDQwm8AQv8OqkzrPz5rwvW0tOMXMMv+B8fAPhho9G</latexit>

VC1

<latexit sha1_base64="E73c3xfcPsNUeX+nOpsA4nSBkhA=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe6CqGXQxsIigvmA5Dj2Nptkyd7esTsnhCM/wsZCEVt/j53/xk1yhSY+GHi8N8PMvDCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNSw6VQvIkCJe8kmtMolLwdjm9nfvuJayNi9YiThPsRHSoxEIyildqtILsPatOgXHGr7hxklXg5qUCORlD+6vVjlkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NwpObNKnwxibUshmau/JzIaGTOJQtsZURyZZW8m/ud1Uxxc+5lQSYpcscWiQSoJxmT2O+kLzRnKiSWUaWFvJWxENWVoEyrZELzll1dJq1b1Lqvew0WlfpPHUYQTOIVz8OAK6nAHDWgCgzE8wyu8OYnz4rw7H4vWgpPPHMMfOJ8/8MqPUA==</latexit>

VL2

<latexit sha1_base64="ic4W+4Tm68rzHxc7Luc6+D3SaEo=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjFfkAbwmY7aZduNmF3I5TQH+HFgyJe/T3e/Ddu2xy09cHA470ZZuaFqeDauO63s7K6tr6xWdoqb+/s7u1XDg5bOskUwyZLRKI6IdUouMSm4UZgJ1VI41BgOxzdTv32EyrNE/loxin6MR1IHnFGjZXarSB/CLxJUKm6NXcGsky8glShQCOofPX6CctilIYJqnXXc1Pj51QZzgROyr1MY0rZiA6wa6mkMWo/n507IadW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv953cxE137OZZoZlGy+KMoEMQmZ/k76XCEzYmwJZYrbWwkbUkWZsQmVbQje4svLpHVe8y5r3v1FtX5TxFGCYziBM/DgCupwBw1oAoMRPMMrvDmp8+K8Ox/z1hWnmDmCP3A+fwD4b49V</latexit>

VR1

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>= <latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="H7liNSC+05M5GSbPkuMAPngOq8M=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5U1DJoY2ERwXxAchx7m02yZG/v2J0TwpEfYWOhiK2/x85/4ya5QhMfDDzem2FmXphIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6p4VIo3kCBkrcTzWkUSt4KR7dTv/XEtRGxesRxwv2IDpToC0bRSq1mkN0H55OgXHGr7gxkmXg5qUCOelD+6vZilkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCOpYpG3PjZ7NwJObFKj/RjbUshmam/JzIaGTOOQtsZURyaRW8q/ud1Uuxf+5lQSYpcsfmifioJxmT6O+kJzRnKsSWUaWFvJWxINWVoEyrZELzFl5dJ86zqXVa9h4tK7SaPowhHcAyn4MEV1OAO6tAABiN4hld4cxLnxXl3PuatBSefOYQ/cD5/APJPj1E=</latexit>

VL3

<latexit sha1_base64="xHfOfQk3SMVwmzTCDSAjUCwi9SE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF49V7Ae0IWy203bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCalGwSU2DTcCO4lCGoUC2+H4dua3n1BpHstHM0nQj+hQ8gFn1Fip3Qqyh6A2DcoVt+rOQVaJl5MK5GgE5a9eP2ZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/Nzp+TMKn0yiJUtachc/T2R0UjrSRTazoiakV72ZuJ/Xjc1g2s/4zJJDUq2WDRIBTExmf1O+lwhM2JiCWWK21sJG1FFmbEJlWwI3vLLq6RVq3qXVe/+olK/yeMowgmcwjl4cAV1uIMGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx/59I9W</latexit>

VR2

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=
<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+

<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+
<latexit sha1_base64="niKH4ScneysAzYefIxtxPoY41oU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOxF48V7Ae0IWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT5tzvPnJtRKIecJpyP6YjJSLBKFqp2wnyZuDNgmrNrbsLkL/EK0gNCrSC6udgmLAs5gqZpMb0PTdFP6caBZN8VhlkhqeUTeiI9y1VNObGzxfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuvFzodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtcZtEUcZTuAUzsGDa2jAHbSgDQwm8AQv8OqkzrPz5rwvW0tOMXMMv+B8fAPhho9G</latexit>

VC1

<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+
<latexit sha1_base64="xHfOfQk3SMVwmzTCDSAjUCwi9SE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF49V7Ae0IWy203bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCalGwSU2DTcCO4lCGoUC2+H4dua3n1BpHstHM0nQj+hQ8gFn1Fip3Qqyh6A2DcoVt+rOQVaJl5MK5GgE5a9eP2ZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/Nzp+TMKn0yiJUtachc/T2R0UjrSRTazoiakV72ZuJ/Xjc1g2s/4zJJDUq2WDRIBTExmf1O+lwhM2JiCWWK21sJG1FFmbEJlWwI3vLLq6RVq3qXVe/+olK/yeMowgmcwjl4cAV1uIMGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx/59I9W</latexit>

VR2

<latexit sha1_base64="wt1BL/QBIeAhMplX0UIqxESMHtI=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbyma7bZduNnF3Uiwhv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLYikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJko043UWyUi3Amq4FIrXUaDkrVhzGgaSN4PR7dRvjrk2IlIPOIm5H9KBEn3BKFrJb3TTDvInTIXKsm6p7FbcGcgy8XJShhy1bumr04tYEnKFTFJj2p4bo59SjYJJnhU7ieExZSM64G1LFQ258dPZ0Rk5tUqP9CNtSyGZqb8nUhoaMwkD2xlSHJpFbyr+57UT7F/79qE4Qa7YfFE/kQQjMk2A9ITmDOXEEsq0sLcSNqSaMrQ5FW0I3uLLy6RxXvEuK979Rbl6k8dRgGM4gTPw4AqqcAc1qAODR3iGV3hzxs6L8+58zFtXnHzmCP7A+fwBkC2Snw==</latexit>

Vin

<latexit sha1_base64="bZTwEMHwtVPkwP0orBjcOS2+z/Q=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj0orcq9gPaEDbbabt0swm7G6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvTATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqlGwSU2DDcC24lCGoUCW+HoZuq3nlBpHstHM07Qj+hA8j5n1FipdRdkD0F1EpTKbsWdgSwTLydlyFEPSl/dXszSCKVhgmrd8dzE+BlVhjOBk2I31ZhQNqID7FgqaYTaz2bnTsipVXqkHytb0pCZ+nsio5HW4yi0nRE1Q73oTcX/vE5q+ld+xmWSGpRsvqifCmJiMv2d9LhCZsTYEsoUt7cSNqSKMmMTKtoQvMWXl0mzWvEuKt79ebl2ncdRgGM4gTPw4BJqcAt1aACDETzDK7w5ifPivDsf89YVJ585gj9wPn8A5fKPSQ==</latexit>

IR2

<latexit sha1_base64="TnEE2WWASsZNnk8i828ynVZmN6w=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOxF71VsB/QhrDZTtulm03Y3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6QaBZfYNNwI7CQKaRQKbIfj+sxvP6HSPJaPZpKgH9Gh5APOqLFS+z7I6oE3DcoVt+rOQVaJl5MK5GgE5a9eP2ZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/Nzp+TMKn0yiJUtachc/T2R0UjrSRTazoiakV72ZuJ/Xjc1gxs/4zJJDUq2WDRIBTExmf1O+lwhM2JiCWWK21sJG1FFmbEJlWwI3vLLq6R1UfWuqt7DZaV2m8dRhBM4hXPw4BpqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx84nz/NhI85</latexit>

IC1

<latexit sha1_base64="GwQY8IrZBhjRTNFGMDj00NYSjww=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi4KHCvYD2hA222m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0wE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxaodUo+ASG4Ybge1EIY1Cga1wdDP1W0+oNI/loxkn6Ed0IHmfM2qs1LoLsvvAmwTlilt1ZyDLxMtJBXLUg/JXtxezNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZuRNyYpUe6cfKljRkpv6eyGik9TgKbWdEzVAvelPxP6+Tmv6Vn3GZpAYlmy/qp4KYmEx/Jz2ukBkxtoQyxe2thA2poszYhEo2BG/x5WXSPKt6F1Xv4bxSu87jKMIRHMMpeHAJNbiFOjSAwQie4RXenMR5cd6dj3lrwclnDuEPnM8f20OPQg==</latexit>

IL1

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=
<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+
<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+
<latexit sha1_base64="AOc6Fd3khZb3EIrY5zfqx+ZJbcc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj0ouChgv2ANoTNdtsu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxMpDLrut7Oyura+sVnYKm7v7O7tlw4OmyZONeMNFstYt0NquBSKN1Cg5O1EcxqFkrfC0c3Ubz1xbUSsHnGccD+iAyX6glG0UusuyO6D6iQold2KOwNZJl5OypCjHpS+ur2YpRFXyCQ1puO5CfoZ1SiY5JNiNzU8oWxEB7xjqaIRN342O3dCTq3SI/1Y21JIZurviYxGxoyj0HZGFIdm0ZuK/3mdFPtXfiZUkiJXbL6on0qCMZn+TnpCc4ZybAllWthbCRtSTRnahIo2BG/x5WXSrFa8i4r3cF6uXedxFOAYTuAMPLiEGtxCHRrAYATP8ApvTuK8OO/Ox7x1xclnjuAPnM8f3MiPQw==</latexit>

IL2

<latexit sha1_base64="VsGL7b1yiE5+1O7tQ/K2/OKcqEI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi96q2A9oQ9hsp+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVKNgktsGG4EthOFNAoFtsLRzdRvPaHSPJaPZpygH9GB5H3OqLFS6y7IHgJvEpQrbtWdgSwTLycVyFEPyl/dXszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2bnTsiJVXqkHytb0pCZ+nsio5HW4yi0nRE1Q73oTcX/vE5q+ld+xmWSGpRsvqifCmJiMv2d9LhCZsTYEsoUt7cSNqSKMmMTKtkQvMWXl0nzrOpdVL3780rtOo+jCEdwDKfgwSXU4Bbq0AAGI3iGV3hzEufFeXc+5q0FJ585hD9wPn8A5G2PSA==</latexit>

IR1

<latexit sha1_base64="ui0PjEKnT3Mj0IPtjJVSmV0zoGc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix6UfBQwX5AG8pmO2mXbjZhdyOU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz85hMqzWP5aEYJ+hHtSx5yRo2Vmnfd7L57Nu6Wym7FnYIsEi8nZchR65a+Or2YpRFKwwTVuu25ifEzqgxnAsfFTqoxoWxI+9i2VNIItZ9Nzx2TY6v0SBgrW9KQqfp7IqOR1qMosJ0RNQM9703E/7x2asIrP+MySQ1KNlsUpoKYmEx+Jz2ukBkxsoQyxe2thA2ooszYhIo2BG/+5UXSOK14FxXv4bxcvc7jKMAhHMEJeHAJVbiFGtSBwRCe4RXenMR5cd6dj1nrkpPPHMAfOJ8/3k2PRA==</latexit>

IL3
<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=
<latexit sha1_base64="AOc6Fd3khZb3EIrY5zfqx+ZJbcc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj0ouChgv2ANoTNdtsu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxMpDLrut7Oyura+sVnYKm7v7O7tlw4OmyZONeMNFstYt0NquBSKN1Cg5O1EcxqFkrfC0c3Ubz1xbUSsHnGccD+iAyX6glG0UusuyO6D6iQold2KOwNZJl5OypCjHpS+ur2YpRFXyCQ1puO5CfoZ1SiY5JNiNzU8oWxEB7xjqaIRN342O3dCTq3SI/1Y21JIZurviYxGxoyj0HZGFIdm0ZuK/3mdFPtXfiZUkiJXbL6on0qCMZn+TnpCc4ZybAllWthbCRtSTRnahIo2BG/x5WXSrFa8i4r3cF6uXedxFOAYTuAMPLiEGtxCHRrAYATP8ApvTuK8OO/Ox7x1xclnjuAPnM8f3MiPQw==</latexit>

IL2

<latexit sha1_base64="tgP/Z9Xw8CEy4BnlhDG/VN1jdRM=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0QtQzaWFhENB+QHGFvM5cs2ds7dveEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDP1W0+oNI/loxkn6Ed0IHnIGTVWerjrVXulsltxZyDLxMtJGXLUe6Wvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezUyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDKz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2naINwVt8eZk0qxXvouLdn5dr13kcBTiGEzgDDy6hBrdQhwYwGMAzvMKbI5wX5935mLeuOPnMEfyB8/kDzBWNew==</latexit>

L2
<latexit sha1_base64="wt1BL/QBIeAhMplX0UIqxESMHtI=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbyma7bZduNnF3Uiwhv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLYikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJko043UWyUi3Amq4FIrXUaDkrVhzGgaSN4PR7dRvjrk2IlIPOIm5H9KBEn3BKFrJb3TTDvInTIXKsm6p7FbcGcgy8XJShhy1bumr04tYEnKFTFJj2p4bo59SjYJJnhU7ieExZSM64G1LFQ258dPZ0Rk5tUqP9CNtSyGZqb8nUhoaMwkD2xlSHJpFbyr+57UT7F/79qE4Qa7YfFE/kQQjMk2A9ITmDOXEEsq0sLcSNqSaMrQ5FW0I3uLLy6RxXvEuK979Rbl6k8dRgGM4gTPw4AqqcAc1qAODR3iGV3hzxs6L8+58zFtXnHzmCP7A+fwBkC2Snw==</latexit>

Vin

+

- <latexit sha1_base64="GT4xpmrEdwiJRKE0MQZQRCmlpEc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF49VrC20S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLK6tr6RnmzsrW9s7tX3T94NHGqKWvRWMS6ExLDBFesZbkVrJNoRmQoWDsc3+R++4lpw2P1YCcJCyQZKh5xSmwu3fcx6ldrft2fAS0TXJAaFGj2q1+9QUxTyZSlghjTxX5ig4xoy6lg00ovNSwhdEyGrOuoIpKZIJvdOkUnThmgKNaulEUz9fdERqQxExm6TknsyCx6ufif101tdBVkXCWpZYrOF0WpQDZG+eNowDWjVkwcIVRzdyuiI6IJtS6eigsBL768TB7P6viiju/Oa43rIo4yHMExnAKGS2jALTShBRRG8Ayv8OZJ78V79z7mrSWvmDmEP/A+fwAqDo2q</latexit>

R1

<latexit sha1_base64="iVav0SD6ukt3cxLAPZSfMj3b8So=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6jHoxWN85AHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh/tetVcquxV3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns1Ak5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06RRuCt/jyMmlWK95Fxbs7L9eu8zgKcAwncAYeXEINbqEODWAwgGd4hTdHOi/Ou/Mxb11x8pkj+APn8wfVOY2B</latexit>

R2

<latexit sha1_base64="3upFwxL218QtWxlQN4/2WM1PrnQ=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoY2ER0XxAcoS9zVyyZG/v2N0TwpGfYGOhiK2/yM5/4ya5QhMfDDzem2FmXpAIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Gbqt55QaR7LRzNO0I/oQPKQM2qs9HDX83rlilt1ZyDLxMtJBXLUe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezUyfkxCp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDKz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2nZINwVt8eZk0z6reRdW7P6/UrvM4inAEx3AKHlxCDW6hDg1gMIBneIU3RzgvzrvzMW8tOPnMIfyB8/kDypGNeg==</latexit>

L1

<latexit sha1_base64="7VF92KemGrFjQvM4HJqmUp9xFP8=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5U1DJoY2ER0XxAcoS9zVyyZG/v2N0TwpGfYGOhiK2/yM5/4ya5QqMPBh7vzTAzL0gE18Z1v5zC0vLK6lpxvbSxubW9U97da+o4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdD31W4+oNI/lgxkn6Ed0IHnIGTVWur/tnfbKFbfqzkD+Ei8nFchR75U/u/2YpRFKwwTVuuO5ifEzqgxnAielbqoxoWxEB9ixVNIItZ/NTp2QI6v0SRgrW9KQmfpzIqOR1uMosJ0RNUO96E3F/7xOasJLP+MySQ1KNl8UpoKYmEz/Jn2ukBkxtoQyxe2thA2poszYdEo2BG/x5b+keVL1zqve3VmldpXHUYQDOIRj8OACanADdWgAgwE8wQu8OsJ5dt6c93lrwcln9uEXnI9vzZmNfA==</latexit>

L3

<latexit sha1_base64="/9/jGZ0vlRZWqdyEx+VyF790KTY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOxF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7G9ZnffuLaiFg94iThfkSHSoSCUbTSQ73v9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MbPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqndV9e4vK7XbPI4inMApnIMH11CDO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gC8241x</latexit>

C1

sum of voltage 
around a loop = 0

sum of currents 
into a node = 0

RLC Circuits
… one state per object with dynamics

Inductor state:  current

Capacitor state:  charge or voltage …analogous 
to position 

…analogous 
to velocity

 (proportional)

States:

SECOND ORDER SYSTEMS (2nd order 
derivatives)

KVL:

KCL

Graph Relations:Dynamics:
<latexit sha1_base64="iclc2bJBHFz6AyA5ZOOt0qHOdbc=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9gVUS9CMBe9JWAekCzL7GSSDJl9MNMbCEv+xIsHRbz6J978GyfJHjRa0FBUdc90V5BIodFxvqzC2vrG5lZxu7Szu7d/YB8etXScKsabLJax6gRUcyki3kSBkncSxWkYSN4OxrW5355wpUUcPeI04V5Ih5EYCEbRSL5t9/oxZo2ZXyO3hDz4Nd8uOxVnAfKXuDkpQ466b3+aJ1ga8giZpFp3XSdBL6MKBZN8VuqlmieUjemQdw2NaMi1ly02n5Ezo/TJIFamIiQL9edERkOtp2FgOkOKI73qzcX/vG6KgxsvE1GSIo/Y8qNBKgnGZB4D6QvFGcqpIZQpYXYlbEQVZWjCKpkQ3NWT/5LWRcW9qriNy3L1Lo+jCCdwCufgwjVU4R7q0AQGE3iCF3i1MuvZerPel60FK585hl+wPr4BtZeSZw==</latexit>

Q̇C = IC
<latexit sha1_base64="kvZAs6fBEpRp6l5/fgKvNkhP9lc=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1I1QdKPQRQX7gDaEyXTSDp1MwsxEKbGf4saFIm79Enf+jdM2C60euHA4596Ze0+QcKa043xZhaXlldW14nppY3Nre8cu77ZUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYyupn77nkrFYnGnxwn1IjwQLGQEayP5drne68c6u5n4dXSBUMuv+3bFqTozoL/EzUkFcjR8+9M8QdKICk04VqrrOon2Miw1I5xOSr1U0QSTER7QrqECR1R52Wz1CTo0Sh+FsTQlNJqpPycyHCk1jgLTGWE9VIveVPzP66Y6PPcyJpJUU0HmH4UpRzpG0xxQn0lKNB8bgolkZldEhlhiok1aJROCu3jyX9I6rrqnVff2pFK7zOMowj4cwBG4cAY1uIYGNIHAAzzBC7xaj9az9Wa9z1sLVj6zB79gfXwDdZyS1A==</latexit>

LİL = VL

Elements:

<latexit sha1_base64="yzPFYhDZ+YUmrxE6LHXKLrdsBlQ=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqBuh6EZ3tdgHTIeSSTNtaCYZkoxQhn6GGxeKuPVr3Pk3pu0stPVAyOGce7n3njDhTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKVlqghtEsml6oRYU84EbRpmOO0kiuI45LQdjm6nfvuJKs2keDTjhAYxHggWMYKNlfxWr4GuUePefr1yxa26M6Bl4uWkAjnqvfJXty9JGlNhCMda+56bmCDDyjDC6aTUTTVNMBnhAfUtFTimOshmK0/QiVX6KJLKPmHQTP3dkeFY63Ec2soYm6Fe9Kbif56fmugqyJhIUkMFmQ+KUo6MRNP7UZ8pSgwfW4KJYnZXRIZYYWJsSiUbgrd48jJpnVW9i6r3cF6p3eRxFOEIjuEUPLiEGtxBHZpAQMIzvMKbY5wX5935mJcWnLznEP7A+fwBJxGP3g==</latexit>

VR = RIR
<latexit sha1_base64="65yLYnn4RXaXj3LJxmgpITwKqpw=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqsyIqBuh6Eahiwr2Ae0wZNJMG5rJDMkdpYz9FDcuFHHrl7jzb0zbWWj1QODknHvIzQkSwTU4zpdVWFpeWV0rrpc2Nre2d+zybkvHqaKsSWMRq05ANBNcsiZwEKyTKEaiQLB2MLqa+u17pjSP5R2ME+ZFZCB5yCkBI/l2ueXX8QWu9/oxZDcTc/HtilN1ZsB/iZuTCsrR8O1PE6ZpxCRQQbTuuk4CXkYUcCrYpNRLNUsIHZEB6xoqScS0l81Wn+BDo/RxGCtzJOCZ+jORkUjrcRSYyYjAUC96U/E/r5tCeO5lXCYpMEnnD4WpwBDjaQ+4zxWjIMaGEKq42RXTIVGEgmmrZEpwF7/8l7SOq+5p1b09qdQu8zqKaB8doCPkojNUQ9eogZqIogf0hF7Qq/VoPVtv1vt8tGDlmT30C9bHN2+TktQ=</latexit>

VL = LİL

<latexit sha1_base64="oMgJF0Cs7xKBZ/t/ajBXxWnmiQk=">AAAB8XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQzMVjC/YD2xA22027dLMJuxuhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq3S2vrG5lZ5u7Kzu7d/YB8etVWSSUJbJOGJ7IZYUc4EbWmmOe2mkuI45LQTjr2Z33miUrFEPOhJSv0YDwWLGMHaSI/NwEO3yGsHXmBXnZozB1olbkGqUKAR2F/9QUKymApNOFaq5zqp9nMsNSOcTiv9TNEUkzEe0p6hAsdU+fn84ik6M8oARYk0JTSaq78nchwrNYlD0xljPVLL3kz8z+tlOrrxcybSTFNBFouijCOdoNn7aMAkJZpPDMFEMnMrIiMsMdEmpIoJwV1+eZW0L2ruVc1tXlbrd0UcZTiBUzgHF66hDvfQgBYQEPAMr/BmKevFerc+Fq0lq5g5hj+wPn8Alf+Pjw==</latexit>

QC = CVC

<latexit sha1_base64="Elil8fvPVsuoxqABB1Owy1HMdpo=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMtiNy5bsA9ohyGTpm1oJjMkd4Qy9DfcuFDErT/jzr8xbWehrQcCh3Pu4d6cMJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1LDpVC8hQIl7yaa0yiUvBNO6nO/88S1EbF6xGnC/YiOlBgKRtFK/f4gRtIMsnrgzYJyxa26C5B14uWkAjkaQfnLxlkacYVMUmN6npugn1GNgkk+K/VTwxPKJnTEe5YqGnHjZ4ubZ+TCKgMyjLV9CslC/Z3IaGTMNArtZERxbFa9ufif10txeOdnQiUpcsWWi4apJBiTeQFkIDRnKKeWUKaFvZWwMdWUoa2pZEvwVr+8TtpXVe+m6jWvK7X7vI4inME5XIIHt1CDB2hACxgk8Ayv8Oakzovz7nwsRwtOnjmFP3A+fwBOo5E2</latexit>

Q̇C1
<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="ui0PjEKnT3Mj0IPtjJVSmV0zoGc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix6UfBQwX5AG8pmO2mXbjZhdyOU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz85hMqzWP5aEYJ+hHtSx5yRo2Vmnfd7L57Nu6Wym7FnYIsEi8nZchR65a+Or2YpRFKwwTVuu25ifEzqgxnAsfFTqoxoWxI+9i2VNIItZ9Nzx2TY6v0SBgrW9KQqfp7IqOR1qMosJ0RNQM9703E/7x2asIrP+MySQ1KNlsUpoKYmEx+Jz2ukBkxsoQyxe2thA2ooszYhIo2BG/+5UXSOK14FxXv4bxcvc7jKMAhHMEJeHAJVbiFGtSBwRCe4RXenMR5cd6dj1nrkpPPHMAfOJ8/3k2PRA==</latexit>

IL3
<latexit sha1_base64="KTcTtUnmZcm/a2cj2dg6AHoG/wY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUP++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSvKh4VxWvflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPdoWMtw==</latexit>�

<latexit sha1_base64="GwQY8IrZBhjRTNFGMDj00NYSjww=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi4KHCvYD2hA222m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0wE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxaodUo+ASG4Ybge1EIY1Cga1wdDP1W0+oNI/loxkn6Ed0IHmfM2qs1LoLsvvAmwTlilt1ZyDLxMtJBXLUg/JXtxezNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZuRNyYpUe6cfKljRkpv6eyGik9TgKbWdEzVAvelPxP6+Tmv6Vn3GZpAYlmy/qp4KYmEx/Jz2ukBkxtoQyxe2thA2poszYhEo2BG/x5WXSPKt6F1Xv4bxSu87jKMIRHMMpeHAJNbiFOjSAwQie4RXenMR5cd6dj3lrwclnDuEPnM8f20OPQg==</latexit>

IL1

<latexit sha1_base64="AOc6Fd3khZb3EIrY5zfqx+ZJbcc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj0ouChgv2ANoTNdtsu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxMpDLrut7Oyura+sVnYKm7v7O7tlw4OmyZONeMNFstYt0NquBSKN1Cg5O1EcxqFkrfC0c3Ubz1xbUSsHnGccD+iAyX6glG0UusuyO6D6iQold2KOwNZJl5OypCjHpS+ur2YpRFXyCQ1puO5CfoZ1SiY5JNiNzU8oWxEB7xjqaIRN342O3dCTq3SI/1Y21JIZurviYxGxoyj0HZGFIdm0ZuK/3mdFPtXfiZUkiJXbL6on0qCMZn+TnpCc4ZybAllWthbCRtSTRnahIo2BG/x5WXSrFa8i4r3cF6uXedxFOAYTuAMPLiEGtxCHRrAYATP8ApvTuK8OO/Ox7x1xclnjuAPnM8f3MiPQw==</latexit>

IL2

<latexit sha1_base64="KTcTtUnmZcm/a2cj2dg6AHoG/wY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUP++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSvKh4VxWvflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPdoWMtw==</latexit>�
<latexit sha1_base64="5LABX/1GO417TG/Y+cl68Ipr+S4=">AAAB/HicbZDLSgMxFIbP1Futt9Eu3QSL4KrMFFE3QtGNgosK9gLtMGTSTBuayQxJRihDfRU3LhRx64O4821M21lo64HAx/+fk5z8QcKZ0o7zbRVWVtfWN4qbpa3tnd09e/+gpeJUEtokMY9lJ8CKciZoUzPNaSeRFEcBp+1gdD31249UKhaLBz1OqBfhgWAhI1gbybfLd34N9fqxRrd+ZniCLpFvV5yqMyu0DG4OFcir4dtf5gaSRlRowrFSXddJtJdhqRnhdFLqpYommIzwgHYNChxR5WWz5Sfo2Ch9FMbSHKHRTP09keFIqXEUmM4I66Fa9Kbif1431eGFlzGRpJoKMn8oTDnSMZomgfpMUqL52AAmkpldERliiYk2eZVMCO7il5ehVau6Z1X3/rRSv8rjKMIhHMEJuHAOdbiBBjSBwBie4RXerCfrxXq3PuatBSufKcOfsj5/ACfQkyk=</latexit>

L2İL2 =
<latexit sha1_base64="SLaV+rVhRSOojFpNvyMP0FX+/SU=">AAACCnicbVDLSgMxFM3UV62vUZduokVwY5kpoi6L3Si4aMU+oB1CJs20oZkHSUYow6zd+CtuXCji1i9w59+YTmehrQfu5XDOvST3uBFnUlnWt1FYWl5ZXSuulzY2t7Z3zN29tgxjQWiLhDwUXRdLyllAW4opTruRoNh3Oe244/rU7zxQIVkY3KtJRB0fDwPmMYKVlpB52PcEJkkTJXVkp2nW4Sm8Q1V4g5JbVE2RWbYqVga4SOyclEGOBjK/+oOQxD4NFOFYyp5tRcpJsFCMcJqW+rGkESZjPKQ9TQPsU+kk2SkpPNbKAHqh0BUomKm/NxLsSznxXT3pYzWS895U/M/rxcq7dBIWRLGiAZk95MUcqhBOc4EDJihRfKIJJoLpv0IywjobpdMr6RDs+ZMXSbtasc8rdvOsXLvK4yiCA3AEToANLkANXIMGaAECHsEzeAVvxpPxYrwbH7PRgpHv7IM/MD5/AOtYmR4=</latexit>

QC1

C1
�R2IL2

<latexit sha1_base64="7bD89nl84dSy4NM3C6yVqV32v2g=">AAAB/HicbZDLSsNAFIZP6q3WW7RLN4NFcFUSEXUjFN0ouKhgL9CGMJlO2qGTSZiZCCHUV3HjQhG3Pog738Zpm4VWDwx8/P85M2f+IOFMacf5skpLyyura+X1ysbm1vaOvbvXVnEqCW2RmMeyG2BFORO0pZnmtJtIiqOA004wvpr6nQcqFYvFvc4S6kV4KFjICNZG8u3qre+i/iDW6MbPDU/QBfLtmlN3ZoX+gltADYpq+vanuYGkERWacKxUz3US7eVYakY4nVT6qaIJJmM8pD2DAkdUefls+Qk6NMoAhbE0R2g0U39O5DhSKosC0xlhPVKL3lT8z+ulOjz3ciaSVFNB5g+FKUc6RtMk0IBJSjTPDGAimdkVkRGWmGiTV8WE4C5++S+0j+vuad29O6k1Los4yrAPB3AELpxBA66hCS0gkMETvMCr9Wg9W2/W+7y1ZBUzVfhV1sc3JLSTJw==</latexit>

L1İL1 =
<latexit sha1_base64="uSMDc7bt7byRj5c1yhGVMmsIUaM=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJiLoRit24bME+oA1hMp20QycPZiZCiVn4K25cKOLW33Dn3zhNs9DWA/dyOOde5s7xYs6ksqxvo7Syura+Ud6sbG3v7O6Z+wcdGSWC0DaJeCR6HpaUs5C2FVOc9mJBceBx2vUmjZnffaBCsii8V9OYOgEehcxnBCstuebRDUIDX2CStty04dpZlnfXrFo1KwdaJnZBqlCg6Zpfg2FEkoCGinAsZd+2YuWkWChGOM0qg0TSGJMJHtG+piEOqHTS/P4MnWpliPxI6AoVytXfGykOpJwGnp4MsBrLRW8m/uf1E+VfOykL40TRkMwf8hOOVIRmYaAhE5QoPtUEE8H0rYiMsU5D6cgqOgR78cvLpHNesy9rduuiWr8t4ijDMZzAGdhwBXW4gya0gcAjPMMrvBlPxovxbnzMR0tGsXMIf2B8/gCrV5VA</latexit>

=
QC1

C1

<latexit sha1_base64="W6VvTg7zQFEjgH64mJkQOnsLDvY="></latexit>2

664

0 1 1 �1
1

L1C1
0 0 0

1
L2C1

0 �R2
L2

0
�1

L3C1
0 �1

L2R2

�R1
L3

3

775

<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=
<latexit sha1_base64="R7a7gc1TdY3DOkhF4N9sub2bZbQ=">AAACMHicbZDNSsNAFIUn9T/+RV26GSyCq5KoqMuiCxVctGBVaEqYTG/r0MkkzEzEEvJIbnwU3Sgo4tancFqDVuuBgY9z72XuPWHCmdKu+2yVJianpmdm5+z5hcWlZWdl9ULFqaTQoDGP5VVIFHAmoKGZ5nCVSCBRyOEy7B0N6pc3IBWLxbnuJ9CKSFewDqNEGytwjv0QukxkYUS0ZLe5XQ+yo8DLse/j0yA7G8XtH9zJse2DaH/PBU7ZrbhD4XHwCiijQrXAefDbMU0jEJpyolTTcxPdyojUjHLIbT9VkBDaI11oGhQkAtXKhgfneNM4bdyJpXlC46E7OpGRSKl+FJpOs9+1+lsbmP/VmqnuHLQyJpJUg6BfH3VSjnWMB+nhNpNANe8bIFQysyum10QSqk3GtgnB+3vyOFxsV7y9ilffLVcPizhm0TraQFvIQ/uoik5QDTUQRXfoEb2gV+veerLerPev1pJVzKyhX7I+PgH7gahX</latexit>2

664

QC1

IL1

IL2

IL3

3

775

<latexit sha1_base64="dy6fXSf+9AbXKXSB7o8SyUOxQuU="></latexit>2

664

Q̇C1

İL1

İL2

İL3

3

775

<latexit sha1_base64="wo4g9ARd9or999zE+N7jUugZLoQ=">AAACI3icbVDLSgMxFM34rONr1KWbYBFclRkRFVdFNy5cVLAP6Awlk95pQzOZIcmIZei/uPFX3LhQihsX/ovpg6KtBxIO59yb3HvClDOlXffLWlpeWV1bL2zYm1vbO7vO3n5NJZmkUKUJT2QjJAo4E1DVTHNopBJIHHKoh72bkV9/BKlYIh50P4UgJh3BIkaJNlLLufJD6DCRhzHRkj0NbBf7Pp5dth9JQnNvkN+1vIHtg2jPSltO0S25Y+BF4k1JEU1RaTlDv53QLAahKSdKNT031UFOpGaUg3k9U5AS2iMdaBoqSAwqyMc7DvCxUdo4SqQ5QuOx+rsjJ7FS/Tg0lWa+rpr3RuJ/XjPT0WWQM5FmGgSdfBRlHOsEjwLDbSaBat43hFDJzKyYdolJRZtYbROCN7/yIqmdlrzzknd/VixfT+MooEN0hE6Qhy5QGd2iCqoiip7RK3pHH9aL9WYNrc9J6ZI17TlAf2B9/wDUXqMy</latexit>2

664

0
0
0
1
L1

3

775

<latexit sha1_base64="wt1BL/QBIeAhMplX0UIqxESMHtI=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbyma7bZduNnF3Uiwhv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLYikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJko043UWyUi3Amq4FIrXUaDkrVhzGgaSN4PR7dRvjrk2IlIPOIm5H9KBEn3BKFrJb3TTDvInTIXKsm6p7FbcGcgy8XJShhy1bumr04tYEnKFTFJj2p4bo59SjYJJnhU7ieExZSM64G1LFQ258dPZ0Rk5tUqP9CNtSyGZqb8nUhoaMwkD2xlSHJpFbyr+57UT7F/79qE4Qa7YfFE/kQQjMk2A9ITmDOXEEsq0sLcSNqSaMrQ5FW0I3uLLy6RxXvEuK979Rbl6k8dRgGM4gTPw4AqqcAc1qAODR3iGV3hzxs6L8+58zFtXnHzmCP7A+fwBkC2Snw==</latexit>

Vin

States: KVL/KCL Equations:

KVL

KCL

Derivations

Inductor dynamics 
(in terms of states…) 

Capacitor dynamics 
(in terms of states…) 

<latexit sha1_base64="ta5vnlb4OfUZgn9zIt7RJfE1SCo=">AAACD3icbZDLSgMxFIYzXmu9jbp0EyyKG8ukiroRit0ouKhgL9AOQybNtKGZzJBkhDLMG7jxVdy4UMStW3e+jekF0dYfAh//OYeT8/sxZ0o7zpc1N7+wuLScW8mvrq1vbNpb23UVJZLQGol4JJs+VpQzQWuaaU6bsaQ49Dlt+P3KsN64p1KxSNzpQUzdEHcFCxjB2liefXDtpRUPZRBeQIM33nEGj8aEfqiUeXbBKTojwVlAEyiAiaqe/dnuRCQJqdCEY6VayIm1m2KpGeE0y7cTRWNM+rhLWwYFDqly09E9Gdw3TgcGkTRPaDhyf0+kOFRqEPqmM8S6p6ZrQ/O/WivRwbmbMhEnmgoyXhQkHOoIDsOBHSYp0XxgABPJzF8h6WGJiTYR5k0IaPrkWaiXiui0iG5PCuXLSRw5sAv2wCFA4AyUwRWoghog4AE8gRfwaj1az9ab9T5unbMmMzvgj6yPbxemmY4=</latexit>

IC1 = IL3 � IL1 � IL2

<latexit sha1_base64="c0xFmvZnpKaaI9esixPVvFFt5xU=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBU9gVUS9CMBePCZgHJMsyO5kkQ2YfzPQKccmXePGgiFc/xZt/4yTZgyYWNBRV3TPdFSRSaHScb2ttfWNza7uwU9zd2z8o2YdHLR2nivEmi2WsOgHVXIqIN1Gg5J1EcRoGkreDcW3mtx+50iKOHnCScC+kw0gMBKNoJN8u9foxkoaf1Xx3Sm6Jb5edijMHWSVuTsqQo+7bX+YFloY8Qiap1l3XSdDLqELBJJ8We6nmCWVjOuRdQyMacu1l88Wn5MwofTKIlakIyVz9PZHRUOtJGJjOkOJIL3sz8T+vm+LgxstElKTII7b4aJBKgjGZpUD6QnGGcmIIZUqYXQkbUUUZmqyKJgR3+eRV0rqouFcVt3FZrt7lcRTgBE7hHFy4hircQx2awCCFZ3iFN+vJerHerY9F65qVzxzDH1ifPwAVkgI=</latexit>

Q̇C1 =

 since…
<latexit sha1_base64="gxApImIVm2wLI88ZCYTf0RMgY10=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68eChgv2ANoTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1MpDLrut7Oyura+sVnaKm/v7O7tVw4OWybJNONNlshEd0JquBSKN1Gg5J1UcxqHkrfD0e3Ubz9xbUSiHnGccj+mAyUiwShaqd0K8vvAmwSVqltzZyDLxCtIFQo0gspXr5+wLOYKmaTGdD03RT+nGgWTfFLuZYanlI3ogHctVTTmxs9n507IqVX6JEq0LYVkpv6eyGlszDgObWdMcWgWvan4n9fNMLr2c6HSDLli80VRJgkmZPo76QvNGcqxJZRpYW8lbEg1ZWgTKtsQvMWXl0nrvOZd1ryHi2r9poijBMdwAmfgwRXU4Q4a0AQGI3iGV3hzUufFeXc+5q0rTjFzBH/gfP4A70WPTw==</latexit>

VL1

<latexit sha1_base64="niKH4ScneysAzYefIxtxPoY41oU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOxF48V7Ae0IWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT5tzvPnJtRKIecJpyP6YjJSLBKFqp2wnyZuDNgmrNrbsLkL/EK0gNCrSC6udgmLAs5gqZpMb0PTdFP6caBZN8VhlkhqeUTeiI9y1VNObGzxfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuvFzodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtcZtEUcZTuAUzsGDa2jAHbSgDQwm8AQv8OqkzrPz5rwvW0tOMXMMv+B8fAPhho9G</latexit>

VC1

<latexit sha1_base64="E73c3xfcPsNUeX+nOpsA4nSBkhA=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe6CqGXQxsIigvmA5Dj2Nptkyd7esTsnhCM/wsZCEVt/j53/xk1yhSY+GHi8N8PMvDCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNSw6VQvIkCJe8kmtMolLwdjm9nfvuJayNi9YiThPsRHSoxEIyildqtILsPatOgXHGr7hxklXg5qUCORlD+6vVjlkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NwpObNKnwxibUshmau/JzIaGTOJQtsZURyZZW8m/ud1Uxxc+5lQSYpcscWiQSoJxmT2O+kLzRnKiSWUaWFvJWxENWVoEyrZELzll1dJq1b1Lqvew0WlfpPHUYQTOIVz8OAK6nAHDWgCgzE8wyu8OYnz4rw7H4vWgpPPHMMfOJ8/8MqPUA==</latexit>

VL2

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>= <latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>= <latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=
<latexit sha1_base64="E73c3xfcPsNUeX+nOpsA4nSBkhA=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe6CqGXQxsIigvmA5Dj2Nptkyd7esTsnhCM/wsZCEVt/j53/xk1yhSY+GHi8N8PMvDCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNSw6VQvIkCJe8kmtMolLwdjm9nfvuJayNi9YiThPsRHSoxEIyildqtILsPatOgXHGr7hxklXg5qUCORlD+6vVjlkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NwpObNKnwxibUshmau/JzIaGTOJQtsZURyZZW8m/ud1Uxxc+5lQSYpcscWiQSoJxmT2O+kLzRnKiSWUaWFvJWxENWVoEyrZELzll1dJq1b1Lqvew0WlfpPHUYQTOIVz8OAK6nAHDWgCgzE8wyu8OYnz4rw7H4vWgpPPHMMfOJ8/8MqPUA==</latexit>

VL2

<latexit sha1_base64="xHfOfQk3SMVwmzTCDSAjUCwi9SE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF49V7Ae0IWy203bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCalGwSU2DTcCO4lCGoUC2+H4dua3n1BpHstHM0nQj+hQ8gFn1Fip3Qqyh6A2DcoVt+rOQVaJl5MK5GgE5a9eP2ZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/Nzp+TMKn0yiJUtachc/T2R0UjrSRTazoiakV72ZuJ/Xjc1g2s/4zJJDUq2WDRIBTExmf1O+lwhM2JiCWWK21sJG1FFmbEJlWwI3vLLq6RVq3qXVe/+olK/yeMowgmcwjl4cAV1uIMGNIHBGJ7hFd6cxHlx3p2PRWvByWeO4Q+czx/59I9W</latexit>

VR2

<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+
<latexit sha1_base64="uSMDc7bt7byRj5c1yhGVMmsIUaM=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJiLoRit24bME+oA1hMp20QycPZiZCiVn4K25cKOLW33Dn3zhNs9DWA/dyOOde5s7xYs6ksqxvo7Syura+Ud6sbG3v7O6Z+wcdGSWC0DaJeCR6HpaUs5C2FVOc9mJBceBx2vUmjZnffaBCsii8V9OYOgEehcxnBCstuebRDUIDX2CStty04dpZlnfXrFo1KwdaJnZBqlCg6Zpfg2FEkoCGinAsZd+2YuWkWChGOM0qg0TSGJMJHtG+piEOqHTS/P4MnWpliPxI6AoVytXfGykOpJwGnp4MsBrLRW8m/uf1E+VfOykL40TRkMwf8hOOVIRmYaAhE5QoPtUEE8H0rYiMsU5D6cgqOgR78cvLpHNesy9rduuiWr8t4ijDMZzAGdhwBXW4gya0gcAjPMMrvBlPxovxbnzMR0tGsXMIf2B8/gCrV5VA</latexit>

=
QC1

C1

<latexit sha1_base64="bZTwEMHwtVPkwP0orBjcOS2+z/Q=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj0orcq9gPaEDbbabt0swm7G6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvTATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqlGwSU2DDcC24lCGoUCW+HoZuq3nlBpHstHM07Qj+hA8j5n1FipdRdkD0F1EpTKbsWdgSwTLydlyFEPSl/dXszSCKVhgmrd8dzE+BlVhjOBk2I31ZhQNqID7FgqaYTaz2bnTsipVXqkHytb0pCZ+nsio5HW4yi0nRE1Q73oTcX/vE5q+ld+xmWSGpRsvqifCmJiMv2d9LhCZsTYEsoUt7cSNqSKMmMTKtoQvMWXl0mzWvEuKt79ebl2ncdRgGM4gTPw4BJqcAt1aACDETzDK7w5ifPivDsf89YVJ585gj9wPn8A5fKPSQ==</latexit>

IR2

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=
<latexit sha1_base64="AOc6Fd3khZb3EIrY5zfqx+ZJbcc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj0ouChgv2ANoTNdtsu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxMpDLrut7Oyura+sVnYKm7v7O7tlw4OmyZONeMNFstYt0NquBSKN1Cg5O1EcxqFkrfC0c3Ubz1xbUSsHnGccD+iAyX6glG0UusuyO6D6iQold2KOwNZJl5OypCjHpS+ur2YpRFXyCQ1puO5CfoZ1SiY5JNiNzU8oWxEB7xjqaIRN342O3dCTq3SI/1Y21JIZurviYxGxoyj0HZGFIdm0ZuK/3mdFPtXfiZUkiJXbL6on0qCMZn+TnpCc4ZybAllWthbCRtSTRnahIo2BG/x5WXSrFa8i4r3cF6uXedxFOAYTuAMPLiEGtxCHRrAYATP8ApvTuK8OO/Ox7x1xclnjuAPnM8f3MiPQw==</latexit>

IL2

<latexit sha1_base64="5LABX/1GO417TG/Y+cl68Ipr+S4=">AAAB/HicbZDLSgMxFIbP1Futt9Eu3QSL4KrMFFE3QtGNgosK9gLtMGTSTBuayQxJRihDfRU3LhRx64O4821M21lo64HAx/+fk5z8QcKZ0o7zbRVWVtfWN4qbpa3tnd09e/+gpeJUEtokMY9lJ8CKciZoUzPNaSeRFEcBp+1gdD31249UKhaLBz1OqBfhgWAhI1gbybfLd34N9fqxRrd+ZniCLpFvV5yqMyu0DG4OFcir4dtf5gaSRlRowrFSXddJtJdhqRnhdFLqpYommIzwgHYNChxR5WWz5Sfo2Ch9FMbSHKHRTP09keFIqXEUmM4I66Fa9Kbif1431eGFlzGRpJoKMn8oTDnSMZomgfpMUqL52AAmkpldERliiYk2eZVMCO7il5ehVau6Z1X3/rRSv8rjKMIhHMEJuHAOdbiBBjSBwBie4RXerCfrxXq3PuatBSufKcOfsj5/ACfQkyk=</latexit>

L2İL2 =
<latexit sha1_base64="E73c3xfcPsNUeX+nOpsA4nSBkhA=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe6CqGXQxsIigvmA5Dj2Nptkyd7esTsnhCM/wsZCEVt/j53/xk1yhSY+GHi8N8PMvDCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNSw6VQvIkCJe8kmtMolLwdjm9nfvuJayNi9YiThPsRHSoxEIyildqtILsPatOgXHGr7hxklXg5qUCORlD+6vVjlkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NwpObNKnwxibUshmau/JzIaGTOJQtsZURyZZW8m/ud1Uxxc+5lQSYpcscWiQSoJxmT2O+kLzRnKiSWUaWFvJWxENWVoEyrZELzll1dJq1b1Lqvew0WlfpPHUYQTOIVz8OAK6nAHDWgCgzE8wyu8OYnz4rw7H4vWgpPPHMMfOJ8/8MqPUA==</latexit>

VL2
<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="SLaV+rVhRSOojFpNvyMP0FX+/SU=">AAACCnicbVDLSgMxFM3UV62vUZduokVwY5kpoi6L3Si4aMU+oB1CJs20oZkHSUYow6zd+CtuXCji1i9w59+YTmehrQfu5XDOvST3uBFnUlnWt1FYWl5ZXSuulzY2t7Z3zN29tgxjQWiLhDwUXRdLyllAW4opTruRoNh3Oe244/rU7zxQIVkY3KtJRB0fDwPmMYKVlpB52PcEJkkTJXVkp2nW4Sm8Q1V4g5JbVE2RWbYqVga4SOyclEGOBjK/+oOQxD4NFOFYyp5tRcpJsFCMcJqW+rGkESZjPKQ9TQPsU+kk2SkpPNbKAHqh0BUomKm/NxLsSznxXT3pYzWS895U/M/rxcq7dBIWRLGiAZk95MUcqhBOc4EDJihRfKIJJoLpv0IywjobpdMr6RDs+ZMXSbtasc8rdvOsXLvK4yiCA3AEToANLkANXIMGaAECHsEzeAVvxpPxYrwbH7PRgpHv7IM/MD5/AOtYmR4=</latexit>

QC1

C1
�R2IL2

<latexit sha1_base64="heOY67VdYcQz3F+UgKITObNnOS8="></latexit>

L3İL3 = VL3 = Vin �R1IL3 �
QC1

C1

<latexit sha1_base64="7bD89nl84dSy4NM3C6yVqV32v2g=">AAAB/HicbZDLSsNAFIZP6q3WW7RLN4NFcFUSEXUjFN0ouKhgL9CGMJlO2qGTSZiZCCHUV3HjQhG3Pog738Zpm4VWDwx8/P85M2f+IOFMacf5skpLyyura+X1ysbm1vaOvbvXVnEqCW2RmMeyG2BFORO0pZnmtJtIiqOA004wvpr6nQcqFYvFvc4S6kV4KFjICNZG8u3qre+i/iDW6MbPDU/QBfLtmlN3ZoX+gltADYpq+vanuYGkERWacKxUz3US7eVYakY4nVT6qaIJJmM8pD2DAkdUefls+Qk6NMoAhbE0R2g0U39O5DhSKosC0xlhPVKL3lT8z+ulOjz3ciaSVFNB5g+FKUc6RtMk0IBJSjTPDGAimdkVkRGWmGiTV8WE4C5++S+0j+vuad29O6k1Los4yrAPB3AELpxBA66hCS0gkMETvMCr9Wg9W2/W+7y1ZBUzVfhV1sc3JLSTJw==</latexit>

L1İL1 =
<latexit sha1_base64="gxApImIVm2wLI88ZCYTf0RMgY10=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68eChgv2ANoTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1MpDLrut7Oyura+sVnaKm/v7O7tVw4OWybJNONNlshEd0JquBSKN1Gg5J1UcxqHkrfD0e3Ubz9xbUSiHnGccj+mAyUiwShaqd0K8vvAmwSVqltzZyDLxCtIFQo0gspXr5+wLOYKmaTGdD03RT+nGgWTfFLuZYanlI3ogHctVTTmxs9n507IqVX6JEq0LYVkpv6eyGlszDgObWdMcWgWvan4n9fNMLr2c6HSDLli80VRJgkmZPo76QvNGcqxJZRpYW8lbEg1ZWgTKtsQvMWXl0nrvOZd1ryHi2r9poijBMdwAmfgwRXU4Q4a0AQGI3iGV3hzUufFeXc+5q0rTjFzBH/gfP4A70WPTw==</latexit>

VL1
<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="niKH4ScneysAzYefIxtxPoY41oU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOxF48V7Ae0IWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT5tzvPnJtRKIecJpyP6YjJSLBKFqp2wnyZuDNgmrNrbsLkL/EK0gNCrSC6udgmLAs5gqZpMb0PTdFP6caBZN8VhlkhqeUTeiI9y1VNObGzxfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuvFzodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtcZtEUcZTuAUzsGDa2jAHbSgDQwm8AQv8OqkzrPz5rwvW0tOMXMMv+B8fAPhho9G</latexit>

VC1

<latexit sha1_base64="uSMDc7bt7byRj5c1yhGVMmsIUaM=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJiLoRit24bME+oA1hMp20QycPZiZCiVn4K25cKOLW33Dn3zhNs9DWA/dyOOde5s7xYs6ksqxvo7Syura+Ud6sbG3v7O6Z+wcdGSWC0DaJeCR6HpaUs5C2FVOc9mJBceBx2vUmjZnffaBCsii8V9OYOgEehcxnBCstuebRDUIDX2CStty04dpZlnfXrFo1KwdaJnZBqlCg6Zpfg2FEkoCGinAsZd+2YuWkWChGOM0qg0TSGJMJHtG+piEOqHTS/P4MnWpliPxI6AoVytXfGykOpJwGnp4MsBrLRW8m/uf1E+VfOykL40TRkMwf8hOOVIRmYaAhE5QoPtUEE8H0rYiMsU5D6cgqOgR78cvLpHNesy9rduuiWr8t4ijDMZzAGdhwBXW4gya0gcAjPMMrvBlPxovxbnzMR0tGsXMIf2B8/gCrV5VA</latexit>

=
QC1

C1

<latexit sha1_base64="heOY67VdYcQz3F+UgKITObNnOS8="></latexit>

L3İL3 = VL3 = Vin �R1IL3 �
QC1

C1

<latexit sha1_base64="heOY67VdYcQz3F+UgKITObNnOS8="></latexit>

L3İL3 = VL3 = Vin �R1IL3 �
QC1

C1

RLC Circuits - Circuit 2

Dynamics

State 
Space

<latexit sha1_base64="yKYd9zaRmKRuhoRLv7LoARQjRjw=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlYQrZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fAM+tZoG</latexit>

@f

@x
=

Eigenvalues

Comments

<latexit sha1_base64="yKYd9zaRmKRuhoRLv7LoARQjRjw=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlYQrZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fAM+tZoG</latexit>

@f

@x
=

Eigenvalues

Comments

<latexit sha1_base64="WNdkMTgDyuVv4RUn2ysSR/Ry0xY=">AAAB/HicbVDLSgMxFM3UV62v0S7dBIvgqkyqqJtC0Y2LLirYB7TDkEkzbWgmMyQZYSj1V9y4UMStH+LOvzGdzkJbD9zL4Zx7yc3xY86Udpxvq7C2vrG5Vdwu7ezu7R/Yh0cdFSWS0DaJeCR7PlaUM0HbmmlOe7GkOPQ57fqT27nffaRSsUg86DSmbohHggWMYG0kzy43PQTrsOnVsn4O6wh6dsWpOhngKkE5qYAcLc/+GgwjkoRUaMKxUn3kxNqdYqkZ4XRWGiSKxphM8Ij2DRU4pMqdZsfP4KlRhjCIpCmhYab+3pjiUKk09M1kiPVYLXtz8T+vn+jg2p0yESeaCrJ4KEg41BGcJwGHTFKieWoIJpKZWyEZY4mJNnmVTAho+curpFOrossqur+oNG7yOIrgGJyAM4DAFWiAO9ACbUBACp7BK3iznqwX6936WIwWrHynDP7A+vwB3EeRrg==</latexit>

L1 = L2 = L3 = 1
<latexit sha1_base64="rjTkY0si9PGh/NG90l9f6+hmG8I=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh2IvHCvYD2qVk02wbmmSXJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMCxPBjfX9b6+wtr6xuVXcLu3s7u0flA+PWiZONWVNGotYd0JimOCKNS23gnUSzYgMBWuH4/rMbz8xbXisHu0kYYEkQ8UjTol1Urvex+gW4X654lf9OdAqwTmpQI5Gv/zVG8Q0lUxZKogxXewnNsiItpwKNi31UsMSQsdkyLqOKiKZCbL5uVN05pQBimLtSlk0V39PZEQaM5Gh65TEjsyyNxP/87qpjW6CjKsktUzRxaIoFcjGaPY7GnDNqBUTRwjV3N2K6IhoQq1LqORCwMsvr5LWRRVfVfHDZaV2l8dRhBM4hXPAcA01uIcGNIHCGJ7hFd68xHvx3r2PRWvBy2eO4Q+8zx9co45H</latexit>

C1 = 1
<latexit sha1_base64="bwIqq8szY5A+PcFoGO/uS+E9YdU=">AAAB+nicbVDLSgMxFL3js9bXVJdugkVwVSZF1I1QdOOyFvuAdhgyaaYNzTxIMkqp/RQ3LhRx65e482/MtLPQ1gPJPZxzL7k5fiK40o7zba2srq1vbBa2its7u3v7dumgpeJUUtaksYhlxyeKCR6xpuZasE4iGQl9wdr+6Cbz2w9MKh5H93qcMDckg4gHnBJtJM8uNTyMrlDDq5rbqTgO9uxyVjOgZYJzUoYcdc/+6vVjmoYs0lQQpbrYSbQ7IVJzKti02EsVSwgdkQHrGhqRkCl3Mlt9ik6M0kdBLM2JNJqpvycmJFRqHPqmMyR6qBa9TPzP66Y6uHQnPEpSzSI6fyhIBdIxynJAfS4Z1WJsCKGSm10RHRJJqDZpFU0IePHLy6RVreDzCr47K9eu8zgKcATHcAoYLqAGt1CHJlB4hGd4hTfryXqx3q2PeeuKlc8cwh9Ynz+twpEJ</latexit>

R1 = R2 = 0.001

<latexit sha1_base64="WNdkMTgDyuVv4RUn2ysSR/Ry0xY=">AAAB/HicbVDLSgMxFM3UV62v0S7dBIvgqkyqqJtC0Y2LLirYB7TDkEkzbWgmMyQZYSj1V9y4UMStH+LOvzGdzkJbD9zL4Zx7yc3xY86Udpxvq7C2vrG5Vdwu7ezu7R/Yh0cdFSWS0DaJeCR7PlaUM0HbmmlOe7GkOPQ57fqT27nffaRSsUg86DSmbohHggWMYG0kzy43PQTrsOnVsn4O6wh6dsWpOhngKkE5qYAcLc/+GgwjkoRUaMKxUn3kxNqdYqkZ4XRWGiSKxphM8Ij2DRU4pMqdZsfP4KlRhjCIpCmhYab+3pjiUKk09M1kiPVYLXtz8T+vn+jg2p0yESeaCrJ4KEg41BGcJwGHTFKieWoIJpKZWyEZY4mJNnmVTAho+curpFOrossqur+oNG7yOIrgGJyAM4DAFWiAO9ACbUBACp7BK3iznqwX6936WIwWrHynDP7A+vwB3EeRrg==</latexit>

L1 = L2 = L3 = 1
<latexit sha1_base64="rjTkY0si9PGh/NG90l9f6+hmG8I=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh2IvHCvYD2qVk02wbmmSXJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMCxPBjfX9b6+wtr6xuVXcLu3s7u0flA+PWiZONWVNGotYd0JimOCKNS23gnUSzYgMBWuH4/rMbz8xbXisHu0kYYEkQ8UjTol1Urvex+gW4X654lf9OdAqwTmpQI5Gv/zVG8Q0lUxZKogxXewnNsiItpwKNi31UsMSQsdkyLqOKiKZCbL5uVN05pQBimLtSlk0V39PZEQaM5Gh65TEjsyyNxP/87qpjW6CjKsktUzRxaIoFcjGaPY7GnDNqBUTRwjV3N2K6IhoQq1LqORCwMsvr5LWRRVfVfHDZaV2l8dRhBM4hXPAcA01uIcGNIHCGJ7hFd68xHvx3r2PRWvBy2eO4Q+8zx9co45H</latexit>

C1 = 1
<latexit sha1_base64="6UfNrZxsp/gQp4T5oTwUuCzIfRI=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqkiLoRim5c1mIf0A5DJs20oZkHSUaoQ7/EjQtF3Pop7vwb03YW2nrgXg7n3Etujp8IrrTjfFuFtfWNza3idmlnd2+/bB8ctlWcSspaNBax7PpEMcEj1tJcC9ZNJCOhL1jHH9/O/M4jk4rH0YOeJMwNyTDiAadEG8mzy00Po2vU9GqmY8fx7IpTdeZAqwTnpAI5Gp791R/ENA1ZpKkgSvWwk2g3I1JzKti01E8VSwgdkyHrGRqRkCk3mx8+RadGGaAglqYijebq742MhEpNQt9MhkSP1LI3E//zeqkOrtyMR0mqWUQXDwWpQDpGsxTQgEtGtZgYQqjk5lZER0QSqk1WJRMCXv7yKmnXqviiiu/PK/WbPI4iHMMJnAGGS6jDHTSgBRRSeIZXeLOerBfr3fpYjBasfOcI/sD6/AHONZCX</latexit>

R1 = R2 = 100

<latexit sha1_base64="Nh7TLHkIWAHD9QsOwjc+3htkUJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBexGMug==</latexit>

0
<latexit sha1_base64="/O/jgHdKVom0dXl8hftOudBRkTE=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQq6rHoxYOHCvYD2lg22027dLMJuxOlhPwPLx4U8ep/8ea/cdvmoK0PBh7vzTAzz48F1+g431ZhaXllda24XtrY3NreKe/uNXWUKMoaNBKRavtEM8ElayBHwdqxYiT0BWv5o+uJ33pkSvNI3uM4Zl5IBpIHnBI00kMXA0Vo6mbpbe8065UrTtWZwl4kbk4qkKPeK391+xFNQiaRCqJ1x3Vi9FKikFPBslI30SwmdEQGrGOoJCHTXjq9OrOPjNK3g0iZkmhP1d8TKQm1Hoe+6QwJDvW8NxH/8zoJBpdeymWcIJN0tihIhI2RPYnA7nPFKIqxIYQqbm616ZCYHNAEVTIhuPMvL5LmSdU9r7p3Z5XaVR5HEQ7gEI7BhQuowQ3UoQEUFDzDK7xZT9aL9W59zFoLVj6zD39gff4AbWuSdw==</latexit>

1
L3

<latexit sha1_base64="PBY966hDOsEIvQ2gLkwz3z6K9rQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1Fjp4czrlStu1Z2BLBMvJxXIUe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzS6dkBOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HBKNgRv8eVl0jyvepdV7/6iUrvJ4yjCERzDKXhwBTW4gzo0gEEIz/AKb87IeXHenY95a8HJZw7hD5zPH+XajPI=</latexit>�1
<latexit sha1_base64="PBY966hDOsEIvQ2gLkwz3z6K9rQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1Fjp4czrlStu1Z2BLBMvJxXIUe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzS6dkBOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HBKNgRv8eVl0jyvepdV7/6iUrvJ4yjCERzDKXhwBTW4gzo0gEEIz/AKb87IeXHenY95a8HJZw7hD5zPH+XajPI=</latexit>�1

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="3pUQZvxXkksAlS8jCK32DU1gYtw=">AAACVHicbVFNSwMxEM1u/Vy/qh69BIvipWUjoh6LXjxWsCp0l5LNTtvQbHZJsmJZ+iP1IPhLvHgw21ap1YEJj/dmJpOXKBNcG99/d9zK0vLK6tq6t7G5tb1T3d2712muGLRZKlL1GFENgktoG24EPGYKaBIJeIiG16X+8ARK81TemVEGYUL7kvc4o8ZS3eowiKDPZREl1Cj+PPZ8fIzr5PsgOAi8Evg/OUfU/Ybvk2+2Pl83lbwAZPwzu1utlWwZ+C8gM1BDs2h1q69BnLI8AWmYoFp3iJ+ZsKDKcCZg7AW5hoyyIe1Dx0JJE9BhMTFljI8sE+NeqmxKgyfsfEdBE61HSWQr7X4DvaiV5H9aJze9y7DgMssNSDa9qJcLbFJcOoxjroAZMbKAMsXtrpgNqKLM2H/wrAlk8cl/wf1pg5w3yO1ZrXk1s2MNHaBDdIIIukBNdINaqI0YekEfDnIc5835dCvu8rTUdWY9++hXuNtfNOqknQ==</latexit>2

664

0 �1 �1 1
1 0 0 0
1 0 �0.001 0
�1 0 0 �0.001

3

775

<latexit sha1_base64="wqjqfaVBehAIwkxBjZoeoiGxnzk=">AAACUHicbVFLSwMxEJ6t7/VV9eglWBQvLRsR9Sh68ahgVeiWkk2nNZjNLklWLEt/ohdv/g4vHhTN9kV9DEzy8X0zyeRLlEphbBC8eqWZ2bn5hcUlf3lldW29vLF5Y5JMc6zzRCb6LmIGpVBYt8JKvEs1sjiSeBs9nBf67SNqIxJ1bXspNmPWVaIjOLOOapW7YYRdofIoZlaLp74fkD1SpeOFkjD0CxBMcoqo0mDCVaerCsEPUbUn57bKlaAWDIL8BXQEKjCKy1b5JWwnPItRWS6ZMQ0apLaZM20Fl9j3w8xgyvgD62LDQcViNM18YEif7DqmTTqJdqksGbDTHTmLjenFkat0892b31pB/qc1Mts5aeZCpZlFxYcXdTJJbEIKd0lbaORW9hxgXAs3K+H3TDNu3R/4zgT6+8l/wc1BjR7V6NVh5fRsZMcibMMO7AOFYziFC7iEOnB4hjf4gE/vxXv3vkresHS8wxb8iJL/DaEkprY=</latexit>2

664

0 �1 �1 1
1 0 0 0
1 0 �100 0
�1 0 0 �100

3

775

<latexit sha1_base64="8XQv3cb6uvNb/NdjsQPvtT0HQbU=">AAACJXicbVDLSgMxFM34rPU16tJNsAguapnUoi4Uim5cVrAP6JQhk6ZtaCYzJBmhDP0ZN/6KGxcWEVz5K2baQbT1QOBwzrnc3ONHnCntOJ/W0vLK6tp6biO/ubW9s2vv7TdUGEtC6yTkoWz5WFHOBK1rpjltRZLiwOe06Q9vU7/5SKVioXjQo4h2AtwXrMcI1kby7CuXm3AXewkqlsfwGp4ixyk5ThG6eQh/zLNiZWoaC0E3CiAyGebZhTSbAi4SlJECyFDz7InbDUkcUKEJx0q1kRPpToKlZoTTcd6NFY0wGeI+bRsqcEBVJ5leOYbHRunCXijNExpO1d8TCQ6UGgW+SQZYD9S8l4r/ee1Y9y47CRNRrKkgs0W9mEMdwrQy2GWSEs1HhmAimfkrJAMsMdGm2LwpAc2fvEga5RI6L6H7SqF6k9WRA4fgCJwABC5AFdyBGqgDAp7AC3gDE+vZerXerY9ZdMnKZg7AH1hf34ernxg=</latexit>

�1,2 = �100.00, �3,4 = �0.01± 1.00i
<latexit sha1_base64="XQb9J9kzaEpCm6FfmLFQnj7fLi4=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIbiyJFXUjFN24rGAf0IYwmUzaoZMHMxOhhIK/4saFIm79Dnf+jZM2C209MHA451zuneMlnEllWd9GaWl5ZXWtvF7Z2Nza3jF399oyTgWhLRLzWHQ9LClnEW0ppjjtJoLi0OO0441uc7/zSIVkcfSgxgl1QjyIWMAIVlpyzYM+12Efuza6RqdWzbKser3imtUp1UCLxC5IFQo0XfOr78ckDWmkCMdS9mwrUU6GhWKE00mln0qaYDLCA9rTNMIhlU42PX+CjrXioyAW+kUKTdXfExkOpRyHnk6GWA3lvJeL/3m9VAVXTsaiJFU0IrNFQcqRilHeBfKZoETxsSaYCKZvRWSIBSZKN5aXYM9/eZG0z2r2Rc2+P682boo6ynAIR3ACNlxCA+6gCS0gkMEzvMKb8WS8GO/GxyxaMoqZffgD4/MH5LiS2A==</latexit>

�1 = �0.00033
<latexit sha1_base64="OuEHJfozkwF0FJgOf5jED79+OJ0=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4sSRF1I1QdOOygn1AG8JkMmmHTh7MTIQQ6q+4caGIWz/EnX/jpM1CWw8MHM45l3vneAlnUlnWt7Gyura+sVnZqm7v7O7tmweHXRmngtAOiXks+h6WlLOIdhRTnPYTQXHocdrzJreF33ukQrI4elBZQp0QjyIWMIKVllyzNuQ67GO3ia7RmdWwLLvqmvWCFEDLxC5JHUq0XfNr6MckDWmkCMdSDmwrUU6OhWKE02l1mEqaYDLBIzrQNMIhlU4+O36KTrTioyAW+kUKzdTfEzkOpcxCTydDrMZy0SvE/7xBqoIrJ2dRkioakfmiIOVIxahoAvlMUKJ4pgkmgulbERljgYnSfRUl2ItfXibdZsO+aNj35/XWTVlHBY7gGE7BhktowR20oQMEMniGV3gznowX4934mEdXjHKmBn9gfP4A+HGSYA==</latexit>

�2 = �0.001
<latexit sha1_base64="VJ/RTJpm+5DJHQk6wVshk/P26GE=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRcaEiaYt0IRTcuK9gHNCFMJpN26OTBzEQooV/gxl9x40IRt67d+TdO2i609cDA4ZxzuXOPnzIqpGl+ayura+sbm6Wt8vbO7t6+fnDYEUnGMWnjhCW85yNBGI1JW1LJSC/lBEU+I11/dFP43QfCBU3iezlOiRuhQUxDipFUkqdXHabCAfJy+6w+gVfw3DRM07Rt6KQRtIyGXYO07OmVqawAl4k1JxUwR8vTv5wgwVlEYokZEqJvmal0c8QlxYxMyk4mSIrwCA1IX9EYRUS4+fScCawqJYBhwtWLJZyqvydyFAkxjnyVjJAcikWvEP/z+pkML92cxmkmSYxni8KMQZnAohsYUE6wZGNFEOZU/RXiIeIIS9VgUYK1ePIy6dQM68Kw7uqV5vW8jhI4BifgFFigAZrgFrRAG2DwCJ7BK3jTnrQX7V37mEVXtPnMEfgD7fMHUHGXzw==</latexit>

�3,4 = �0.00033± 1.732i

Linearization Stability - Case 1 Linearization Stability - Case 2



Example: Two Blocks + Pendulum Free Body Diagrams

Block 1

Kinematics

Dynamics:

Pendulum:

<latexit sha1_base64="CXyspah+qlUUfPhmhiNSUkgAc9A=">AAACDHicbVDLSsNAFJ34rPVVdelmsAh1UxIRdSMU3bisYB/QhDKZTNuhM5mQuZGWkA9w46+4caGIWz/AnX/jtM1CWw8MHM499869x48E12Db39bS8srq2npho7i5tb2zW9rbb2qVxJQ1qBIqbvtEM8FD1gAOgrWjmBHpC9byhzeTeuuBxZqr8B7GEfMk6Ye8xykBI3VLZVcnErvARpBWesoM1SdZd4SvsFGDQEE6yozLrtpT4EXi5KSMctS7pS83UDSRLAQqiNYdx47AS0kMnAqWFd1Es4jQIemzjqEhkUx76fSYDB8bJcBmFfNCwFP1d0dKpNZj6RunJDDQ87WJ+F+tk0Dv0kt5GCXAQjr7qJcIDApPksEBjxkFMTaE0JibXTEdkJhQMPkVTQjO/MmLpHladc6rzt1ZuXadx1FAh+gIVZCDLlAN3aI6aiCKHtEzekVv1pP1Yr1bHzPrkpX3HKA/sD5/AEsPmyQ=</latexit>X
(forces)x = mẍ

<latexit sha1_base64="mjn7nTRDDhm42JZLxZ9V48LiSNk=">AAACDHicbVDLSsNAFJ3UV62vqks3g0Wom5KIqBuh6MZlBfuAJpTJZNIOnUxC5kYMIR/gxl9x40IRt36AO//GaZuFth4YOJx77p17jxsJrsA0v43S0vLK6lp5vbKxubW9U93d66gwiSlr01CEcc8ligkuWRs4CNaLYkYCV7CuO76e1Lv3LFY8lHeQRswJyFByn1MCWhpUa7ZKAmwDe4Cs7od6qDrOBym+xFr1vBCyNNcus2FOgReJVZAaKtAaVL9sL6RJwCRQQZTqW2YETkZi4FSwvGInikWEjsmQ9TWVJGDKyabH5PhIKx7Wq+gnAU/V3x0ZCZRKA1c7AwIjNV+biP/V+gn4F07GZZQAk3T2kZ8IDCGeJIM9HjMKItWE0JjrXTEdkZhQ0PlVdAjW/MmLpHPSsM4a1u1prXlVxFFGB+gQ1ZGFzlET3aAWaiOKHtEzekVvxpPxYrwbHzNrySh69tEfGJ8/TiWbJg==</latexit>X
(forces)y = mÿ

Block 1:

<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3

<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2

<latexit sha1_base64="Jl6U/80Y4OCqS/GzNhOvULJrz64=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh3Hf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVa9W9e4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD5y42Z</latexit>

k1
<latexit sha1_base64="rTF8T6tLw0pLZekIMTPHaz3r8sM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK1hbaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjLdYIhPdCajhUijeQoGSd1LNaRxI3g5GN1O//cS1EYl6wHHK/ZgOlIgEo2il+7Dv9as1t+7OQJaJV5AaFGj2q1+9MGFZzBUySY3pem6Kfk41Cib5pNLLDE8pG9EB71qqaMyNn89OnZATq4QkSrQthWSm/p7IaWzMOA5sZ0xxaBa9qfif180wuvJzodIMuWLzRVEmCSZk+jcJheYM5dgSyrSwtxI2pJoytOlUbAje4svL5PGs7l3UvbvzWuO6iKMMR3AMp+DBJTTgFprQAgYDeIZXeHOk8+K8Ox/z1pJTzBzCHzifP+8hjZI=</latexit>

d1

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="Pq8Y5lpI1WrAkKy2RY8QNCh0YLU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPBbY10</latexit>

F1

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="4UzQl73GG4I16IwPQBbBI2jdw7Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyqqMegF48RzQOSJcxOZpMh81hmZoWw5BO8eFDEq1/kzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTv3WE9WGKfloxwkNBR5IFjOCrZMeRO+8V674VX8GtEyCnFQgR71X/ur2FUkFlZZwbEwn8BMbZlhbRjidlLqpoQkmIzygHUclFtSE2ezUCTpxSh/FSruSFs3U3xMZFsaMReQ6BbZDs+hNxf+8Tmrj6zBjMkktlWS+KE45sgpN/0Z9pimxfOwIJpq5WxEZYo2JdemUXAjB4svLpHlWDS6rwf1FpXaTx1GEIziGUwjgCmpwB3VoAIEBPMMrvHnce/HevY95a8HLZw7hD7zPH//fjZ0=</latexit>m3

<latexit sha1_base64="Sv8BT+dsvuVxy/R+C35hx8Sczh0=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKe5KUC9C0IvHCOYB2TXMTnqTIbMPZnqVsOQ/vHhQxKv/4s2/cZLsQaMFDUVVN91dfiKFRtv+sgpLyyura8X10sbm1vZOeXevpeNUcWjyWMaq4zMNUkTQRIESOokCFvoS2v7oeuq3H0BpEUd3OE7AC9kgEoHgDI107+IQkNFL6ibipNYrV+yqPQP9S5ycVEiORq/86fZjnoYQIZdM665jJ+hlTKHgEiYlN9WQMD5iA+gaGrEQtJfNrp7QI6P0aRArUxHSmfpzImOh1uPQN50hw6Fe9Kbif143xeDCy0SUpAgRny8KUkkxptMIaF8o4CjHhjCuhLmV8iFTjKMJqmRCcBZf/ktap1XnrOrc1ir1qzyOIjkgh+SYOOSc1MkNaZAm4USRJ/JCXq1H69l6s97nrQUrn9knv2B9fAMP9ZGT</latexit>

✓ = ⇡/4

<latexit sha1_base64="OtFut2t1oeeBbCZBcPqXrEbV6x4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6p7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA9ejkE=</latexit>

`
<latexit sha1_base64="Xh4Xc41jus8oyAFvcAsLe257fk4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDv1W09MG67kgx0nLIjJQPKIU2Kd1Byga4T9XrniV/0Z0DLBOalAjnqv/NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ+jEKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gkgsBL768TJpnVXxRxffnldpNHkcRjuAYTgHDJdTgDurQAAqP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwDbNo4B</latexit>

g = 10

<latexit sha1_base64="MeeW59RNc5n/WcyFwX2ZwPWPS9A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MO7X+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH7T42a</latexit>

k2
<latexit sha1_base64="WVTk2Sa48NbWsCa+TxUceyC/rvA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWw2m3bpZhN2J0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTjDdZIhPdCajhUijeRIGSd1LNaRxI3g5GtzO//cS1EYl6xHHK/ZgOlIgEo2ilh7Bf65crbtWdg6wSLycVyNHol796YcKymCtkkhrT9dwU/QnVKJjk01IvMzylbEQHvGupojE3/mR+6pScWSUkUaJtKSRz9ffEhMbGjOPAdsYUh2bZm4n/ed0Mo2t/IlSaIVdssSjKJMGEzP4modCcoRxbQpkW9lbChlRThjadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwDO8wpsjnRfn3flYtBacfOYY/sD5/AHwpY2T</latexit>

d2

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="l5q9WZht3sUz+jWYFI33L+hwNxs=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD7Jf65crXtWbA68SPycVyNHol796g5imkilLBTGm63uJDTKiLaeCTUu91LCE0DEZsq6jikhmgmx+6hSfOWWAo1i7UhbP1d8TGZHGTGToOiWxI7PszcT/vG5qo+sg4ypJLVN0sShKBbYxnv2NB1wzasXEEUI1d7diOiKaUOvSKbkQ/OWXV0mrVvUvq/79RaV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwD+W42c</latexit>m2

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="Sv8BT+dsvuVxy/R+C35hx8Sczh0=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKe5KUC9C0IvHCOYB2TXMTnqTIbMPZnqVsOQ/vHhQxKv/4s2/cZLsQaMFDUVVN91dfiKFRtv+sgpLyyura8X10sbm1vZOeXevpeNUcWjyWMaq4zMNUkTQRIESOokCFvoS2v7oeuq3H0BpEUd3OE7AC9kgEoHgDI107+IQkNFL6ibipNYrV+yqPQP9S5ycVEiORq/86fZjnoYQIZdM665jJ+hlTKHgEiYlN9WQMD5iA+gaGrEQtJfNrp7QI6P0aRArUxHSmfpzImOh1uPQN50hw6Fe9Kbif143xeDCy0SUpAgRny8KUkkxptMIaF8o4CjHhjCuhLmV8iFTjKMJqmRCcBZf/ktap1XnrOrc1ir1qzyOIjkgh+SYOOSc1MkNaZAm4USRJ/JCXq1H69l6s97nrQUrn9knv2B9fAMP9ZGT</latexit>

✓ = ⇡/4

<latexit sha1_base64="OtFut2t1oeeBbCZBcPqXrEbV6x4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6p7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA9ejkE=</latexit>

`

<latexit sha1_base64="VR+ZOchMFpo5vD/og6TLjqdqvjw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh9te0itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMg+I2z</latexit>

Fp

<latexit sha1_base64="gg+Bkn7RnYX4BoCQllMUcLQ+tYg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btbhJ2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4bua3n1BpHkcPZpKgL+kw4iFn1FipIfvlilt15yCrxMtJBXLU++Wv3iBmqcTIMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtjahE7WfzQ6fkzCoDEsbKVmTIXP09kVGp9UQGtlNSM9LL3kz8z+umJrzxMx4lqcGILRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB14WM9w==</latexit>m

<latexit sha1_base64="Xh4Xc41jus8oyAFvcAsLe257fk4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDv1W09MG67kgx0nLIjJQPKIU2Kd1Byga4T9XrniV/0Z0DLBOalAjnqv/NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ+jEKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gkgsBL768TJpnVXxRxffnldpNHkcRjuAYTgHDJdTgDurQAAqP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwDbNo4B</latexit>

g = 10

<latexit sha1_base64="Pq8Y5lpI1WrAkKy2RY8QNCh0YLU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPBbY10</latexit>

F1<latexit sha1_base64="skeX6jq2/J2zA/jYJKe14f0nR54=">AAACAXicbZDLSgMxFIbPeK31NupGcBMsggspMyLqsujGZQV7gXYYMmnahmYuJGfEMtSNr+LGhSJufQt3vo1pOwtt/SHw8Z9zkpw/SKTQ6Djf1sLi0vLKamGtuL6xubVt7+zWdZwqxmsslrFqBlRzKSJeQ4GSNxPFaRhI3ggG1+N6454rLeLoDocJ90Lai0RXMIrG8u39B989Ie1OjCSnHH275JSdicg8uDmUIFfVt7/MLSwNeYRMUq1brpOgl1GFgkk+KrZTzRPKBrTHWwYjGnLtZZMNRuTIOB3SjZU5EZKJ+3sio6HWwzAwnSHFvp6tjc3/aq0Uu5deJqIkRR6x6UPdVBKMyTgO0hGKM5RDA5QpYf5KWJ8qytCEVjQhuLMrz0P9tOyel93bs1LlKo+jAAdwCMfgwgVU4AaqUAMGj/AMr/BmPVkv1rv1MW1dsPKZPfgj6/MH2liVOw==</latexit>

x1, ẋ1, ẍ1

Block 2
<latexit sha1_base64="QTvPlFewujsBhR+uv1nPt/0Uqxg=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYBBdSZoqoy6IblxXsBdphyKSZNjSTGZIzYhnqxldx40IRt76FO9/GtJ2Ftv4Q+PjPOUnOHySCa3Ccb6uwtLyyulZcL21sbm3v2Lt7TR2nirIGjUWs2gHRTHDJGsBBsHaiGIkCwVrB8HpSb90zpXks72CUMC8ifclDTgkYy7cPHvzqKe72YsA55ejbZafiTIUXwc2hjHLVffvL3ELTiEmggmjdcZ0EvIwo4FSwcambapYQOiR91jEoScS0l003GONj4/RwGCtzJOCp+3siI5HWoygwnRGBgZ6vTcz/ap0Uwksv4zJJgUk6eyhMBYYYT+LAPa4YBTEyQKji5q+YDogiFExoJROCO7/yIjSrFfe84t6elWtXeRxFdIiO0Aly0QWqoRtURw1E0SN6Rq/ozXqyXqx362PWWrDymX30R9bnD98ElT4=</latexit>

x2, ẋ2, ẍ2

Pendulum

<latexit sha1_base64="s5EoyW8rmnT70NWAvY1F2lZZUiI=">AAACAXicbVDLSgNBEJz1GeNr1YvgZTAIXgy7IupFCHrxGME8ILsss5NOMmT2wUyvEEK8+CtePCji1b/w5t84SfagiQUNRVU33V1hKoVGx/m2FhaXlldWC2vF9Y3NrW17Z7euk0xxqPFEJqoZMg1SxFBDgRKaqQIWhRIaYf9m7DceQGmRxPc4SMGPWDcWHcEZGimw9wdBSq/oCfVASurxRFMPe4AssEtO2ZmAzhM3JyWSoxrYX1474VkEMXLJtG65Tor+kCkUXMKo6GUaUsb7rAstQ2MWgfaHkw9G9MgobdpJlKkY6UT9PTFkkdaDKDSdEcOenvXG4n9eK8POpT8UcZohxHy6qJNJigkdx0HbQgFHOTCEcSXMrZT3mGIcTWhFE4I7+/I8qZ+W3fOye3dWqlzncRTIATkkx8QlF6RCbkmV1Agnj+SZvJI368l6sd6tj2nrgpXP7JE/sD5/AHFQlZ8=</latexit>

yp = �` cos ✓
<latexit sha1_base64="Wo0SVK2iyMPOjg76nvQoGtXfINs=">AAACEnicbZDLSgMxFIYz9VbrrerSTbAIuikzIupGKLpxWcFeoFNKJj1tQzOZITkjlKHP4MZXceNCEbeu3Pk2ptMutPWHwMd/zkly/iCWwqDrfju5peWV1bX8emFjc2t7p7i7VzdRojnUeCQj3QyYASkU1FCghGasgYWBhEYwvJnUGw+gjYjUPY5iaIesr0RPcIbW6hRP/G6E6WjciekVzdjHASAbUx+kpL4Rik6dTrHklt1MdBG8GZTITNVO8cvex5MQFHLJjGl5boztlGkUXMK44CcGYsaHrA8ti4qFYNppttKYHlmnS3uRtkchzdzfEykLjRmFge0MGQ7MfG1i/ldrJdi7bKdCxQmC4tOHeomkGNFJPrQrNHCUIwuMa2H/SvmAacbRpliwIXjzKy9C/bTsnZe9u7NS5XoWR54ckENyTDxyQSrkllRJjXDySJ7JK3lznpwX5935mLbmnNnMPvkj5/MHLJOdyQ==</latexit>

ẏp = ✓̇` sin ✓
<latexit sha1_base64="vKSK0Z3oGqSiVA9FrqLFuepDuHc=">AAACNnicbVDLSgMxFM34rPVVdekmWARBKDMi6kYounEjVLAP6NSSSW/b0ExmSO4IZehXufE73HXjQhG3foJpO+DzQuDknHNvck8QS2HQdcfO3PzC4tJybiW/ura+sVnY2q6ZKNEcqjySkW4EzIAUCqooUEIj1sDCQEI9GFxO9Po9aCMidYvDGFoh6ynRFZyhpdqFa7/TiTAdjtoxPaezi499QDaiPkhJfSMUnTH00Bq+9LujzMEjkznahaJbcqdF/wIvA0WSVaVdeLITeRKCQi6ZMU3PjbGVMo2CSxjl/cRAzPiA9aBpoWIhmFY6XXtE9y3Tod1I26OQTtnvHSkLjRmGgXWGDPvmtzYh/9OaCXbPWqlQcYKg+OyhbiIpRnSSIe0IDRzl0ALGtbB/pbzPNONok87bELzfK/8FtaOSd1Lybo6L5YssjhzZJXvkgHjklJTJFamQKuHkgYzJC3l1Hp1n5815n1nnnKxnh/wo5+MT+WmsDQ==</latexit>

ÿp = ✓̈` sin ✓ + ✓̇2` cos ✓

Block 2:

<latexit sha1_base64="CXyspah+qlUUfPhmhiNSUkgAc9A=">AAACDHicbVDLSsNAFJ34rPVVdelmsAh1UxIRdSMU3bisYB/QhDKZTNuhM5mQuZGWkA9w46+4caGIWz/AnX/jtM1CWw8MHM499869x48E12Db39bS8srq2npho7i5tb2zW9rbb2qVxJQ1qBIqbvtEM8FD1gAOgrWjmBHpC9byhzeTeuuBxZqr8B7GEfMk6Ye8xykBI3VLZVcnErvARpBWesoM1SdZd4SvsFGDQEE6yozLrtpT4EXi5KSMctS7pS83UDSRLAQqiNYdx47AS0kMnAqWFd1Es4jQIemzjqEhkUx76fSYDB8bJcBmFfNCwFP1d0dKpNZj6RunJDDQ87WJ+F+tk0Dv0kt5GCXAQjr7qJcIDApPksEBjxkFMTaE0JibXTEdkJhQMPkVTQjO/MmLpHladc6rzt1ZuXadx1FAh+gIVZCDLlAN3aI6aiCKHtEzekVv1pP1Yr1bHzPrkpX3HKA/sD5/AEsPmyQ=</latexit>X
(forces)x = mẍ

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="/rZAd4lc2G6FCQIDhVAWkVLUlxw=">AAAB/3icbVDLSgMxFL1TX7W+RgU3boJFqAvLTBF1IxQFcVnBPqAdhkyaaUMzD5KMtIxd+CtuXCji1t9w59+YtrPQ6oF7OZxzL7k5XsyZVJb1ZeQWFpeWV/KrhbX1jc0tc3unIaNEEFonEY9Ey8OSchbSumKK01YsKA48Tpve4GriN++pkCwK79Qopk6AeyHzGcFKS665d+2mA7cyvtCtNHQr6BgNXfvINYtW2ZoC/SV2RoqQoeaan51uRJKAhopwLGXbtmLlpFgoRjgdFzqJpDEmA9yjbU1DHFDppNP7x+hQK13kR0JXqNBU/bmR4kDKUeDpyQCrvpz3JuJ/XjtR/rmTsjBOFA3J7CE/4UhFaBIG6jJBieIjTTARTN+KSB8LTJSOrKBDsOe//Jc0KmX7tGzfnhSrl1kcediHAyiBDWdQhRuoQR0IPMATvMCr8Wg8G2/G+2w0Z2Q7u/ALxsc3DJWULg==</latexit>

Fk2 = k2(x2 � x1)
<latexit sha1_base64="59P3Xqa0/IQN/2gVvk8rkEHi5SU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0y5JN0zY2myxJVixL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJYIb6/vfXmFldW19o7hZ2tre2d0r7x80jUo1ZQ2qhNLtiBgmuGQNy61g7UQzEkeCtaLRzdRvPTJtuJL3dpywICYDyfucEuuk5ijETyEOyxW/6s+AlgnOSQVy1MPyV7enaBozaakgxnSwn9ggI9pyKtik1E0NSwgdkQHrOCpJzEyQza6doBOn9FBfaVfSopn6eyIjsTHjOHKdMbFDs+hNxf+8Tmr7V0HGZZJaJul8UT8VyCo0fR31uGbUirEjhGrubkV0SDSh1gVUciHgxZeXSfOsii+q+O68UrvO4yjCERzDKWC4hBrcQh0aQOEBnuEV3jzlvXjv3se8teDlM4fwB97nD/0Hjr8=</latexit>

k1x1
<latexit sha1_base64="Z7gKJTPt9jmMOeI76gjFSuR0yCU=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqkxE1GXRjcsKthbaYchkMm1o5kFyRyylv+HGhSJu/Rl3/o1pOwttPRA4nHMP9+YEmZIGXffbKa2srq1vlDcrW9s7u3vV/YO2SXPNRYunKtWdgBmhZCJaKFGJTqYFiwMlHoLhzdR/eBTayDS5x1EmvJj1ExlJztBKvdCnpBemSJ586ldrbt2dgSwTWpAaFGj61S8b5XksEuSKGdOlbobemGmUXIlJpZcbkTE+ZH3RtTRhsTDeeHbzhJxYJSRRqu1LkMzU34kxi40ZxYGdjBkOzKI3Ff/zujlGV95YJlmOIuHzRVGuCKZkWgAJpRYc1cgSxrW0txI+YJpxtDVVbAl08cvLpH1Wpxd1endea1wXdZThCI7hFChcQgNuoQkt4JDBM7zCm5M7L8678zEfLTlF5hD+wPn8AbwxkNc=</latexit>

d1ẋ1
<latexit sha1_base64="3hEhl1tX+kNSTO8t0C8XHA5tNiY=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksQl1YkiLqsujGZQV7gTaEyWTSDp1cmJmIJRQ3voobF4q49Snc+TZO2yy09YeBj/+cw5nzewlnUlnWt1FYWl5ZXSuulzY2t7Z3zN29loxTQWiTxDwWHQ9LyllEm4opTjuJoDj0OG17w+tJvX1PhWRxdKdGCXVC3I9YwAhW2nLNA9+toUrPjxV60HSKcrRPXLNsVa2p0CLYOZQhV8M1v/QsSUMaKcKxlF3bSpSTYaEY4XRc6qWSJpgMcZ92NUY4pNLJpieM0bF2fBTEQr9Ioan7eyLDoZSj0NOdIVYDOV+bmP/VuqkKLp2MRUmqaERmi4KUIxWjSR7IZ4ISxUcaMBFM/xWRARaYKJ1aSYdgz5+8CK1a1T6v2rdn5fpVHkcRDuEIKmDDBdThBhrQBAKP8Ayv8GY8GS/Gu/Exay0Y+cw+/JHx+QO565UV</latexit>

d2(ẋ2 � ẋ1)

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="Sv8BT+dsvuVxy/R+C35hx8Sczh0=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKe5KUC9C0IvHCOYB2TXMTnqTIbMPZnqVsOQ/vHhQxKv/4s2/cZLsQaMFDUVVN91dfiKFRtv+sgpLyyura8X10sbm1vZOeXevpeNUcWjyWMaq4zMNUkTQRIESOokCFvoS2v7oeuq3H0BpEUd3OE7AC9kgEoHgDI107+IQkNFL6ibipNYrV+yqPQP9S5ycVEiORq/86fZjnoYQIZdM665jJ+hlTKHgEiYlN9WQMD5iA+gaGrEQtJfNrp7QI6P0aRArUxHSmfpzImOh1uPQN50hw6Fe9Kbif143xeDCy0SUpAgRny8KUkkxptMIaF8o4CjHhjCuhLmV8iFTjKMJqmRCcBZf/ktap1XnrOrc1ir1qzyOIjkgh+SYOOSc1MkNaZAm4USRJ/JCXq1H69l6s97nrQUrn9knv2B9fAMP9ZGT</latexit>

✓ = ⇡/4

<latexit sha1_base64="VR+ZOchMFpo5vD/og6TLjqdqvjw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh9te0itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMg+I2z</latexit>

Fp

<latexit sha1_base64="/rZAd4lc2G6FCQIDhVAWkVLUlxw=">AAAB/3icbVDLSgMxFL1TX7W+RgU3boJFqAvLTBF1IxQFcVnBPqAdhkyaaUMzD5KMtIxd+CtuXCji1t9w59+YtrPQ6oF7OZxzL7k5XsyZVJb1ZeQWFpeWV/KrhbX1jc0tc3unIaNEEFonEY9Ey8OSchbSumKK01YsKA48Tpve4GriN++pkCwK79Qopk6AeyHzGcFKS665d+2mA7cyvtCtNHQr6BgNXfvINYtW2ZoC/SV2RoqQoeaan51uRJKAhopwLGXbtmLlpFgoRjgdFzqJpDEmA9yjbU1DHFDppNP7x+hQK13kR0JXqNBU/bmR4kDKUeDpyQCrvpz3JuJ/XjtR/rmTsjBOFA3J7CE/4UhFaBIG6jJBieIjTTARTN+KSB8LTJSOrKBDsOe//Jc0KmX7tGzfnhSrl1kcediHAyiBDWdQhRuoQR0IPMATvMCr8Wg8G2/G+2w0Z2Q7u/ALxsc3DJWULg==</latexit>

Fk2 = k2(x2 � x1)

<latexit sha1_base64="3hEhl1tX+kNSTO8t0C8XHA5tNiY=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksQl1YkiLqsujGZQV7gTaEyWTSDp1cmJmIJRQ3voobF4q49Snc+TZO2yy09YeBj/+cw5nzewlnUlnWt1FYWl5ZXSuulzY2t7Z3zN29loxTQWiTxDwWHQ9LyllEm4opTjuJoDj0OG17w+tJvX1PhWRxdKdGCXVC3I9YwAhW2nLNA9+toUrPjxV60HSKcrRPXLNsVa2p0CLYOZQhV8M1v/QsSUMaKcKxlF3bSpSTYaEY4XRc6qWSJpgMcZ92NUY4pNLJpieM0bF2fBTEQr9Ioan7eyLDoZSj0NOdIVYDOV+bmP/VuqkKLp2MRUmqaERmi4KUIxWjSR7IZ4ISxUcaMBFM/xWRARaYKJ1aSYdgz5+8CK1a1T6v2rdn5fpVHkcRDuEIKmDDBdThBhrQBAKP8Ayv8GY8GS/Gu/Exay0Y+cw+/JHx+QO565UV</latexit>

d2(ẋ2 � ẋ1)

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="s9YKeFST7Eb7NgdZIhziouS+atM=">AAACBXicbVDLSgNBEJyNrxhfUY96GAyCIITdIOpFCHrxGME8IBuW2UnHDJmdXWZ6JSHk4sVf8eJBEa/+gzf/xsnjoMaChqKqm+6uMJHCoOt+OZmFxaXllexqbm19Y3Mrv71TM3GqOVR5LGPdCJkBKRRUUaCERqKBRaGEeti7Gvv1e9BGxOoWBwm0InanREdwhlYK8vv9IKEXtB+U6DH1QUrqG6Goj11AFuQLbtGdgM4Tb0YKZIZKkP/02zFPI1DIJTOm6bkJtoZMo+ASRjk/NZAw3mN30LRUsQhMazj5YkQPrdKmnVjbUkgn6s+JIYuMGUSh7YwYds1fbyz+5zVT7Jy3hkIlKYLi00WdVFKM6TgS2hYaOMqBJYxrYW+lvMs042iDy9kQvL8vz5NaqeidFr2bk0L5chZHluyRA3JEPHJGyuSaVEiVcPJAnsgLeXUenWfnzXmftmac2cwu+QXn4xvpuJby</latexit>

xp = x2 + ` sin ✓
<latexit sha1_base64="70/M1tpzTnvpUZRkyCkG4+G9vR8=">AAACG3icbZDLSgMxFIYz9VbrbdSlm2ARBKHMFFE3QtGNywr2Ap2hZNLTNjRzITkjltL3cOOruHGhiCvBhW9j2s5CW38IfPznnCTnDxIpNDrOt5VbWl5ZXcuvFzY2t7Z37N29uo5TxaHGYxmrZsA0SBFBDQVKaCYKWBhIaASD60m9cQ9Kizi6w2ECfsh6kegKztBYbbvsdWKkD+2EXtIMy/Rkhh72ARn1QErq8VhnRtsuOiVnKroIbgZFkqnatj/NdTwNIUIumdYt10nQHzGFgksYF7xUQ8L4gPWgZTBiIWh/NN1tTI+M06HdWJkTIZ26vydGLNR6GAamM2TY1/O1iflfrZVi98IfiShJESI+e6ibSooxnQRFO0IBRzk0wLgS5q+U95liHE2cBROCO7/yItTLJfes5N6eFitXWRx5ckAOyTFxyTmpkBtSJTXCySN5Jq/kzXqyXqx362PWmrOymX3yR9bXDyAan6Q=</latexit>

ẋp = ẋ2 + ✓̇` cos ✓
<latexit sha1_base64="Zmprx9N0Eaj+QweIFWY8t9NELaI=">AAACP3icbZBNSwMxEIazftb6VfXoJVgEQSy7RdSLIHrxWMFWobsu2XRqg9nsksyKpfjPvPgXvHn14kERr95M6yraOhB4eN+ZJPNGqRQGXffRGRufmJyaLswUZ+fmFxZLS8sNk2SaQ50nMtHnETMghYI6CpRwnmpgcSThLLo66vtn16CNSNQpdlMIYnapRFtwhlYKSw2/1UqQ3oQp3affXKWbOfvYAWTUBympzxPzLWxZ/8e+qOYNRqhcCktlt+IOio6Cl0OZ5FULSw/2Qp7FoJBLZkzTc1MMekyj4BJui35mIGX8il1C06JiMZigN9j/lq5bpUXbibZHIR2ovyd6LDamG0e2M2bYMcNeX/zPa2bY3gt6QqUZguJfD7UzSTGh/TBpS2jgKLsWGNfC/pXyDtOMo428aEPwhlcehUa14u1UvJPt8sFhHkeBrJI1skE8sksOyDGpkTrh5I48kRfy6tw7z86b8/7VOubkMyvkTzkfn3rarXs=</latexit>

ẍp = ẍ2 + ✓̈` cos ✓ � ✓̇2` sin ✓

<latexit sha1_base64="WmfiKx0a2JJupVLUyjvXdILDOCw="></latexit>

m1ẍ1 = F1 � k1x1 � d1ẋ1 + k2(x2 � x1) + d2(ẋ2 � ẋ1)

<latexit sha1_base64="uY/I3U4TLWI9cRJvU4rKlt3eaR8="></latexit>

m2ẍ2 = F2 + Fp sin(✓)� k2(x2 � x1)� d2(ẋ2 � ẋ1)
<latexit sha1_base64="CXyspah+qlUUfPhmhiNSUkgAc9A=">AAACDHicbVDLSsNAFJ34rPVVdelmsAh1UxIRdSMU3bisYB/QhDKZTNuhM5mQuZGWkA9w46+4caGIWz/AnX/jtM1CWw8MHM499869x48E12Db39bS8srq2npho7i5tb2zW9rbb2qVxJQ1qBIqbvtEM8FD1gAOgrWjmBHpC9byhzeTeuuBxZqr8B7GEfMk6Ye8xykBI3VLZVcnErvARpBWesoM1SdZd4SvsFGDQEE6yozLrtpT4EXi5KSMctS7pS83UDSRLAQqiNYdx47AS0kMnAqWFd1Es4jQIemzjqEhkUx76fSYDB8bJcBmFfNCwFP1d0dKpNZj6RunJDDQ87WJ+F+tk0Dv0kt5GCXAQjr7qJcIDApPksEBjxkFMTaE0JibXTEdkJhQMPkVTQjO/MmLpHladc6rzt1ZuXadx1FAh+gIVZCDLlAN3aI6aiCKHtEzekVv1pP1Yr1bHzPrkpX3HKA/sD5/AEsPmyQ=</latexit>X

(forces)x = mẍ

<latexit sha1_base64="mFVmN44HXWMax+r25D753SjQ9Z8="></latexit>

m3ẍp = m3ẍ2 +m3✓̈` cos ✓ �m3✓̇
2` sin ✓ = �Fp sin ✓

<latexit sha1_base64="G8JZAcEAuB6BGd2GXBisNsRJcBo="></latexit>

m3ÿp = m3✓̈` sin ✓ +m3✓̇
2` cos ✓ = Fp cos ✓ �mg

<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3
<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+
<latexit sha1_base64="iH+Us6J7fxLs12RfSbbZ761ylyI="></latexit>

(m2 +m3)ẍ2 +m3✓̈` cos ✓ �m3✓̇
2` sin ✓ = F2 � k2(x2 � x1)� d2(ẋ2 � ẋ1)

<latexit sha1_base64="TTw/yHQoyZlylTS+70qnSMohvBE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cK9gOSUDbbSbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZprDi2eylR3I2ZACgUtFCihm2lgSSShE43uZn7nCbQRqXrEcQZhwgZKxIIztJIfGKFogENA1qvW3Lo7B10lXkFqpECzV/0K+inPE1DIJTPG99wMwwnTKLiEaSXIDWSMj9gAfEsVS8CEk/nJU3pmlT6NU21LIZ2rvycmLDFmnES2M2E4NMveTPzP83OMb8KJUFmOoPhiUZxLiimd/U/7QgNHObaEcS3srZQPmWYcbUoVG4K3/PIqaV/Uvau693BZa9wWcZTJCTkl58Qj16RB7kmTtAgnKXkmr+TNQefFeXc+Fq0lp5g5Jn/gfP4AHaqRJg==</latexit>

sin ✓<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+
<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3
<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4
<latexit sha1_base64="KEhAxiGSVlmbd/zmtkpnJTeqVA4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cK9gOSUDbbSbt0kw27E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmltfWNzq7xd2dnd2z+oHh61jco1hxZXUuluxAxIkUILBUroZhpYEknoRKO7md95Am2ESh9xnEGYsEEqYsEZWskPuDI0wCEg61Vrbt2dg64SryA1UqDZq34FfcXzBFLkkhnje26G4YRpFFzCtBLkBjLGR2wAvqUpS8CEk/nJU3pmlT6NlbaVIp2rvycmLDFmnES2M2E4NMveTPzP83OMb8KJSLMcIeWLRXEuKSo6+5/2hQaOcmwJ41rYWykfMs042pQqNgRv+eVV0r6oe1d17+Gy1rgt4iiTE3JKzolHrkmD3JMmaRFOFHkmr+TNQefFeXc+Fq0lp5g5Jn/gfP4AFdmRIQ==</latexit>

cos ✓
<latexit sha1_base64="vTdf3EKjMRlFelekdVQyLLTQHRc="></latexit>

m3ẍ2 cos ✓ +m3✓̈` = �mg sin ✓

…combining

<latexit sha1_base64="0UvdONimD/3SMd4Dk7RFyBmNMkg=">AAACLnicbVDLSsNAFJ34rPVVdelmsAiuSiKiLosiuKxgq9CUMJnctIOTSZi5EUvwi9z4K7oQVMStn+H04dsDA+eeew9z7wkzKQy67qMzMTk1PTNbmivPLywuLVdWVlsmzTWHJk9lqs9DZkAKBU0UKOE808CSUMJZeHE46J9dgjYiVafYz6CTsK4SseAMrRRUjvwQukIVYcJQi6vrsh9FKdKrwKO+Tz+K7a/Cxx4go2UfVPTpCipVt+YOQf8Sb0yqZIxGULn3o5TnCSjkkhnT9twMOwXTKLgEu0VuIGP8gnWhbaliCZhOMTz3mm5aJaJxqu1TSIfqd0fBEmP6SWgn7X4987s3EP/rtXOM9zuFUFmOoPjooziXFFM6yI5GQgNH2beEcS3srpT3mGYcbcJlG4L3++S/pLVd83Zr3slOtX4wjqNE1skG2SIe2SN1ckwapEk4uSF35Ik8O7fOg/PivI5GJ5yxZ438gPP2Dqn+qFE=</latexit>2

4
ẍ1

ẍ2

✓̈

3

5

<latexit sha1_base64="69S4UoU2OTRz9Z/TU262jzltLME="></latexit>2

4
m1 0 0
0 (m2 +m3) m3` cos ✓
0 m3` cos ✓ m3`2

3

5
<latexit sha1_base64="fktkf7e37s5ZsJjxRobER+EnYsg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHq5Jr1xxq+4MZJl4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbphJxYpU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+jbpc4XMiLEllClubyVsSBVlxoZTsiF4iy8vk+ZZ1buoevfnldpNHkcRjuAYTsGDS6jBHdShAQxCeIZXeHNGzovz7nzMWwtOPnMIf+B8/gDkZozx</latexit>=

<latexit sha1_base64="7t/C1Pm+Z1nhhA3ES7Hh8R/jA64="></latexit>2

4
F1 � k1x1 � d1ẋ1 + k2(x2 � x1) + d2(ẋ2 � ẋ1)
F2 +m3✓̇2` sin ✓ � k2(x2 � x1)� d2(ẋ2 � ẋ1)

�mg` sin ✓

3

5

<latexit sha1_base64="cD4k4KNzpmj/EC8Ge0xqniELPZI=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiGzdCBfvAtpRMeqcNzWSGJCOUoX/hxoUibv0bd/6NmXYW2nogcDjnXnLu8WPBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpKFMMGi0Sk2j7VKLjEhuFGYDtWSENfYMsf32R+6wmV5pF8MJMYeyEdSh5wRo2VHrshNSM/SO+m/XLFrbozkGXi5aQCOer98ld3ELEkRGmYoFp3PDc2vZQqw5nAaambaIwpG9MhdiyVNETdS2eJp+TEKgMSRMo+achM/b2R0lDrSejbySyhXvQy8T+vk5jgqpdyGScGJZt/FCSCmIhk55MBV8iMmFhCmeI2K2EjqigztqSSLcFbPHmZNM+q3kXVuz+v1K7zOopwBMdwCh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxHC06+cwh/4Hz+AL3akPc=</latexit>

M <latexit sha1_base64="Uj6nJ3AsEVHd4YV8iSLkuEEseJM=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EcRSEGZ32qzW37s5AlolXkBoUaParX71BzNKIK2SSGtP13AT9jGoUTPJppZcanlA2pkPetVTRiBs/myWekhOrDEgYa/sUkpn6eyOjkTGTKLCTeUKz6OXif143xfDKz4RKUuSKzT8KU0kwJvn5ZCA0ZygnllCmhc1K2IhqytCWVLEleIsnL5P2Wd27qHt357XGdVFHGY7gGE7Bg0towC00oQUMFDzDK7w5xnlx3p2P+WjJKXYO4Q+czx/cPpEL</latexit>a
<latexit sha1_base64="sZ49ajG7bco8ZWSalhiKsP33yl4=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiIC4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4WV1bX1jeJmaWt7Z3evvH/Q1FGiGDZYJCLV9qlGwSU2DDcC27FCGvoCW/74JvNbT6g0j+SDmcTYC+lQ8oAzaqz02A2pGflBejvtlytu1Z2BLBMvJxXIUe+Xv7qDiCUhSsME1brjubHppVQZzgROS91EY0zZmA6xY6mkIepeOks8JSdWGZAgUvZJQ2bq742UhlpPQt9OZgn1opeJ/3mdxARXvZTLODEo2fyjIBHERCQ7nwy4QmbExBLKFLdZCRtRRZmxJZVsCd7iycukeVb1Lqre/Xmldp3XUYQjOIZT8OASanAHdWgAAwnP8ApvjnZenHfnYz5acPKdQ/gD5/MHszeQ8A==</latexit>

F



Example: Two Blocks + Pendulum Free Body Diagrams

Block 1

Kinematics

Dynamics:

<latexit sha1_base64="Jl6U/80Y4OCqS/GzNhOvULJrz64=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh3Hf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVa9W9e4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD5y42Z</latexit>

k1
<latexit sha1_base64="rTF8T6tLw0pLZekIMTPHaz3r8sM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK1hbaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjLdYIhPdCajhUijeQoGSd1LNaRxI3g5GN1O//cS1EYl6wHHK/ZgOlIgEo2il+7Dv9as1t+7OQJaJV5AaFGj2q1+9MGFZzBUySY3pem6Kfk41Cib5pNLLDE8pG9EB71qqaMyNn89OnZATq4QkSrQthWSm/p7IaWzMOA5sZ0xxaBa9qfif180wuvJzodIMuWLzRVEmCSZk+jcJheYM5dgSyrSwtxI2pJoytOlUbAje4svL5PGs7l3UvbvzWuO6iKMMR3AMp+DBJTTgFprQAgYDeIZXeHOk8+K8Ox/z1pJTzBzCHzifP+8hjZI=</latexit>

d1

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="Pq8Y5lpI1WrAkKy2RY8QNCh0YLU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPBbY10</latexit>

F1

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="4UzQl73GG4I16IwPQBbBI2jdw7Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyqqMegF48RzQOSJcxOZpMh81hmZoWw5BO8eFDEq1/kzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTv3WE9WGKfloxwkNBR5IFjOCrZMeRO+8V674VX8GtEyCnFQgR71X/ur2FUkFlZZwbEwn8BMbZlhbRjidlLqpoQkmIzygHUclFtSE2ezUCTpxSh/FSruSFs3U3xMZFsaMReQ6BbZDs+hNxf+8Tmrj6zBjMkktlWS+KE45sgpN/0Z9pimxfOwIJpq5WxEZYo2JdemUXAjB4svLpHlWDS6rwf1FpXaTx1GEIziGUwjgCmpwB3VoAIEBPMMrvHnce/HevY95a8HLZw7hD7zPH//fjZ0=</latexit>m3

<latexit sha1_base64="Sv8BT+dsvuVxy/R+C35hx8Sczh0=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKe5KUC9C0IvHCOYB2TXMTnqTIbMPZnqVsOQ/vHhQxKv/4s2/cZLsQaMFDUVVN91dfiKFRtv+sgpLyyura8X10sbm1vZOeXevpeNUcWjyWMaq4zMNUkTQRIESOokCFvoS2v7oeuq3H0BpEUd3OE7AC9kgEoHgDI107+IQkNFL6ibipNYrV+yqPQP9S5ycVEiORq/86fZjnoYQIZdM665jJ+hlTKHgEiYlN9WQMD5iA+gaGrEQtJfNrp7QI6P0aRArUxHSmfpzImOh1uPQN50hw6Fe9Kbif143xeDCy0SUpAgRny8KUkkxptMIaF8o4CjHhjCuhLmV8iFTjKMJqmRCcBZf/ktap1XnrOrc1ir1qzyOIjkgh+SYOOSc1MkNaZAm4USRJ/JCXq1H69l6s97nrQUrn9knv2B9fAMP9ZGT</latexit>

✓ = ⇡/4

<latexit sha1_base64="OtFut2t1oeeBbCZBcPqXrEbV6x4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6p7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA9ejkE=</latexit>

`
<latexit sha1_base64="Xh4Xc41jus8oyAFvcAsLe257fk4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDv1W09MG67kgx0nLIjJQPKIU2Kd1Byga4T9XrniV/0Z0DLBOalAjnqv/NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ+jEKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gkgsBL768TJpnVXxRxffnldpNHkcRjuAYTgHDJdTgDurQAAqP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwDbNo4B</latexit>

g = 10

<latexit sha1_base64="MeeW59RNc5n/WcyFwX2ZwPWPS9A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MO7X+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH7T42a</latexit>

k2
<latexit sha1_base64="WVTk2Sa48NbWsCa+TxUceyC/rvA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWw2m3bpZhN2J0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTjDdZIhPdCajhUijeRIGSd1LNaRxI3g5GtzO//cS1EYl6xHHK/ZgOlIgEo2ilh7Bf65crbtWdg6wSLycVyNHol796YcKymCtkkhrT9dwU/QnVKJjk01IvMzylbEQHvGupojE3/mR+6pScWSUkUaJtKSRz9ffEhMbGjOPAdsYUh2bZm4n/ed0Mo2t/IlSaIVdssSjKJMGEzP4modCcoRxbQpkW9lbChlRThjadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwDO8wpsjnRfn3flYtBacfOYY/sD5/AHwpY2T</latexit>

d2

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="l5q9WZht3sUz+jWYFI33L+hwNxs=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD7Jf65crXtWbA68SPycVyNHol796g5imkilLBTGm63uJDTKiLaeCTUu91LCE0DEZsq6jikhmgmx+6hSfOWWAo1i7UhbP1d8TGZHGTGToOiWxI7PszcT/vG5qo+sg4ypJLVN0sShKBbYxnv2NB1wzasXEEUI1d7diOiKaUOvSKbkQ/OWXV0mrVvUvq/79RaV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwD+W42c</latexit>m2

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="Sv8BT+dsvuVxy/R+C35hx8Sczh0=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKe5KUC9C0IvHCOYB2TXMTnqTIbMPZnqVsOQ/vHhQxKv/4s2/cZLsQaMFDUVVN91dfiKFRtv+sgpLyyura8X10sbm1vZOeXevpeNUcWjyWMaq4zMNUkTQRIESOokCFvoS2v7oeuq3H0BpEUd3OE7AC9kgEoHgDI107+IQkNFL6ibipNYrV+yqPQP9S5ycVEiORq/86fZjnoYQIZdM665jJ+hlTKHgEiYlN9WQMD5iA+gaGrEQtJfNrp7QI6P0aRArUxHSmfpzImOh1uPQN50hw6Fe9Kbif143xeDCy0SUpAgRny8KUkkxptMIaF8o4CjHhjCuhLmV8iFTjKMJqmRCcBZf/ktap1XnrOrc1ir1qzyOIjkgh+SYOOSc1MkNaZAm4USRJ/JCXq1H69l6s97nrQUrn9knv2B9fAMP9ZGT</latexit>

✓ = ⇡/4

<latexit sha1_base64="OtFut2t1oeeBbCZBcPqXrEbV6x4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6p7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA9ejkE=</latexit>

`

<latexit sha1_base64="VR+ZOchMFpo5vD/og6TLjqdqvjw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh9te0itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMg+I2z</latexit>

Fp

<latexit sha1_base64="gg+Bkn7RnYX4BoCQllMUcLQ+tYg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btbhJ2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4bua3n1BpHkcPZpKgL+kw4iFn1FipIfvlilt15yCrxMtJBXLU++Wv3iBmqcTIMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtjahE7WfzQ6fkzCoDEsbKVmTIXP09kVGp9UQGtlNSM9LL3kz8z+umJrzxMx4lqcGILRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB14WM9w==</latexit>m

<latexit sha1_base64="Xh4Xc41jus8oyAFvcAsLe257fk4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDv1W09MG67kgx0nLIjJQPKIU2Kd1Byga4T9XrniV/0Z0DLBOalAjnqv/NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ+jEKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gkgsBL768TJpnVXxRxffnldpNHkcRjuAYTgHDJdTgDurQAAqP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwDbNo4B</latexit>

g = 10

<latexit sha1_base64="Pq8Y5lpI1WrAkKy2RY8QNCh0YLU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPBbY10</latexit>

F1<latexit sha1_base64="skeX6jq2/J2zA/jYJKe14f0nR54=">AAACAXicbZDLSgMxFIbPeK31NupGcBMsggspMyLqsujGZQV7gXYYMmnahmYuJGfEMtSNr+LGhSJufQt3vo1pOwtt/SHw8Z9zkpw/SKTQ6Djf1sLi0vLKamGtuL6xubVt7+zWdZwqxmsslrFqBlRzKSJeQ4GSNxPFaRhI3ggG1+N6454rLeLoDocJ90Lai0RXMIrG8u39B989Ie1OjCSnHH275JSdicg8uDmUIFfVt7/MLSwNeYRMUq1brpOgl1GFgkk+KrZTzRPKBrTHWwYjGnLtZZMNRuTIOB3SjZU5EZKJ+3sio6HWwzAwnSHFvp6tjc3/aq0Uu5deJqIkRR6x6UPdVBKMyTgO0hGKM5RDA5QpYf5KWJ8qytCEVjQhuLMrz0P9tOyel93bs1LlKo+jAAdwCMfgwgVU4AaqUAMGj/AMr/BmPVkv1rv1MW1dsPKZPfgj6/MH2liVOw==</latexit>

x1, ẋ1, ẍ1

Block 2
<latexit sha1_base64="QTvPlFewujsBhR+uv1nPt/0Uqxg=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYBBdSZoqoy6IblxXsBdphyKSZNjSTGZIzYhnqxldx40IRt76FO9/GtJ2Ftv4Q+PjPOUnOHySCa3Ccb6uwtLyyulZcL21sbm3v2Lt7TR2nirIGjUWs2gHRTHDJGsBBsHaiGIkCwVrB8HpSb90zpXks72CUMC8ifclDTgkYy7cPHvzqKe72YsA55ejbZafiTIUXwc2hjHLVffvL3ELTiEmggmjdcZ0EvIwo4FSwcambapYQOiR91jEoScS0l003GONj4/RwGCtzJOCp+3siI5HWoygwnRGBgZ6vTcz/ap0Uwksv4zJJgUk6eyhMBYYYT+LAPa4YBTEyQKji5q+YDogiFExoJROCO7/yIjSrFfe84t6elWtXeRxFdIiO0Aly0QWqoRtURw1E0SN6Rq/ozXqyXqx362PWWrDymX30R9bnD98ElT4=</latexit>

x2, ẋ2, ẍ2

Pendulum

<latexit sha1_base64="s5EoyW8rmnT70NWAvY1F2lZZUiI=">AAACAXicbVDLSgNBEJz1GeNr1YvgZTAIXgy7IupFCHrxGME8ILsss5NOMmT2wUyvEEK8+CtePCji1b/w5t84SfagiQUNRVU33V1hKoVGx/m2FhaXlldWC2vF9Y3NrW17Z7euk0xxqPFEJqoZMg1SxFBDgRKaqQIWhRIaYf9m7DceQGmRxPc4SMGPWDcWHcEZGimw9wdBSq/oCfVASurxRFMPe4AssEtO2ZmAzhM3JyWSoxrYX1474VkEMXLJtG65Tor+kCkUXMKo6GUaUsb7rAstQ2MWgfaHkw9G9MgobdpJlKkY6UT9PTFkkdaDKDSdEcOenvXG4n9eK8POpT8UcZohxHy6qJNJigkdx0HbQgFHOTCEcSXMrZT3mGIcTWhFE4I7+/I8qZ+W3fOye3dWqlzncRTIATkkx8QlF6RCbkmV1Agnj+SZvJI368l6sd6tj2nrgpXP7JE/sD5/AHFQlZ8=</latexit>

yp = �` cos ✓
<latexit sha1_base64="Wo0SVK2iyMPOjg76nvQoGtXfINs=">AAACEnicbZDLSgMxFIYz9VbrrerSTbAIuikzIupGKLpxWcFeoFNKJj1tQzOZITkjlKHP4MZXceNCEbeu3Pk2ptMutPWHwMd/zkly/iCWwqDrfju5peWV1bX8emFjc2t7p7i7VzdRojnUeCQj3QyYASkU1FCghGasgYWBhEYwvJnUGw+gjYjUPY5iaIesr0RPcIbW6hRP/G6E6WjciekVzdjHASAbUx+kpL4Rik6dTrHklt1MdBG8GZTITNVO8cvex5MQFHLJjGl5boztlGkUXMK44CcGYsaHrA8ti4qFYNppttKYHlmnS3uRtkchzdzfEykLjRmFge0MGQ7MfG1i/ldrJdi7bKdCxQmC4tOHeomkGNFJPrQrNHCUIwuMa2H/SvmAacbRpliwIXjzKy9C/bTsnZe9u7NS5XoWR54ckENyTDxyQSrkllRJjXDySJ7JK3lznpwX5935mLbmnNnMPvkj5/MHLJOdyQ==</latexit>

ẏp = ✓̇` sin ✓
<latexit sha1_base64="vKSK0Z3oGqSiVA9FrqLFuepDuHc=">AAACNnicbVDLSgMxFM34rPVVdekmWARBKDMi6kYounEjVLAP6NSSSW/b0ExmSO4IZehXufE73HXjQhG3foJpO+DzQuDknHNvck8QS2HQdcfO3PzC4tJybiW/ura+sVnY2q6ZKNEcqjySkW4EzIAUCqooUEIj1sDCQEI9GFxO9Po9aCMidYvDGFoh6ynRFZyhpdqFa7/TiTAdjtoxPaezi499QDaiPkhJfSMUnTH00Bq+9LujzMEjkznahaJbcqdF/wIvA0WSVaVdeLITeRKCQi6ZMU3PjbGVMo2CSxjl/cRAzPiA9aBpoWIhmFY6XXtE9y3Tod1I26OQTtnvHSkLjRmGgXWGDPvmtzYh/9OaCXbPWqlQcYKg+OyhbiIpRnSSIe0IDRzl0ALGtbB/pbzPNONok87bELzfK/8FtaOSd1Lybo6L5YssjhzZJXvkgHjklJTJFamQKuHkgYzJC3l1Hp1n5815n1nnnKxnh/wo5+MT+WmsDQ==</latexit>

ÿp = ✓̈` sin ✓ + ✓̇2` cos ✓

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="/rZAd4lc2G6FCQIDhVAWkVLUlxw=">AAAB/3icbVDLSgMxFL1TX7W+RgU3boJFqAvLTBF1IxQFcVnBPqAdhkyaaUMzD5KMtIxd+CtuXCji1t9w59+YtrPQ6oF7OZxzL7k5XsyZVJb1ZeQWFpeWV/KrhbX1jc0tc3unIaNEEFonEY9Ey8OSchbSumKK01YsKA48Tpve4GriN++pkCwK79Qopk6AeyHzGcFKS665d+2mA7cyvtCtNHQr6BgNXfvINYtW2ZoC/SV2RoqQoeaan51uRJKAhopwLGXbtmLlpFgoRjgdFzqJpDEmA9yjbU1DHFDppNP7x+hQK13kR0JXqNBU/bmR4kDKUeDpyQCrvpz3JuJ/XjtR/rmTsjBOFA3J7CE/4UhFaBIG6jJBieIjTTARTN+KSB8LTJSOrKBDsOe//Jc0KmX7tGzfnhSrl1kcediHAyiBDWdQhRuoQR0IPMATvMCr8Wg8G2/G+2w0Z2Q7u/ALxsc3DJWULg==</latexit>

Fk2 = k2(x2 � x1)
<latexit sha1_base64="59P3Xqa0/IQN/2gVvk8rkEHi5SU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0y5JN0zY2myxJVixL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJYIb6/vfXmFldW19o7hZ2tre2d0r7x80jUo1ZQ2qhNLtiBgmuGQNy61g7UQzEkeCtaLRzdRvPTJtuJL3dpywICYDyfucEuuk5ijETyEOyxW/6s+AlgnOSQVy1MPyV7enaBozaakgxnSwn9ggI9pyKtik1E0NSwgdkQHrOCpJzEyQza6doBOn9FBfaVfSopn6eyIjsTHjOHKdMbFDs+hNxf+8Tmr7V0HGZZJaJul8UT8VyCo0fR31uGbUirEjhGrubkV0SDSh1gVUciHgxZeXSfOsii+q+O68UrvO4yjCERzDKWC4hBrcQh0aQOEBnuEV3jzlvXjv3se8teDlM4fwB97nD/0Hjr8=</latexit>

k1x1
<latexit sha1_base64="Z7gKJTPt9jmMOeI76gjFSuR0yCU=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqkxE1GXRjcsKthbaYchkMm1o5kFyRyylv+HGhSJu/Rl3/o1pOwttPRA4nHMP9+YEmZIGXffbKa2srq1vlDcrW9s7u3vV/YO2SXPNRYunKtWdgBmhZCJaKFGJTqYFiwMlHoLhzdR/eBTayDS5x1EmvJj1ExlJztBKvdCnpBemSJ586ldrbt2dgSwTWpAaFGj61S8b5XksEuSKGdOlbobemGmUXIlJpZcbkTE+ZH3RtTRhsTDeeHbzhJxYJSRRqu1LkMzU34kxi40ZxYGdjBkOzKI3Ff/zujlGV95YJlmOIuHzRVGuCKZkWgAJpRYc1cgSxrW0txI+YJpxtDVVbAl08cvLpH1Wpxd1endea1wXdZThCI7hFChcQgNuoQkt4JDBM7zCm5M7L8678zEfLTlF5hD+wPn8AbwxkNc=</latexit>

d1ẋ1
<latexit sha1_base64="3hEhl1tX+kNSTO8t0C8XHA5tNiY=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksQl1YkiLqsujGZQV7gTaEyWTSDp1cmJmIJRQ3voobF4q49Snc+TZO2yy09YeBj/+cw5nzewlnUlnWt1FYWl5ZXSuulzY2t7Z3zN29loxTQWiTxDwWHQ9LyllEm4opTjuJoDj0OG17w+tJvX1PhWRxdKdGCXVC3I9YwAhW2nLNA9+toUrPjxV60HSKcrRPXLNsVa2p0CLYOZQhV8M1v/QsSUMaKcKxlF3bSpSTYaEY4XRc6qWSJpgMcZ92NUY4pNLJpieM0bF2fBTEQr9Ioan7eyLDoZSj0NOdIVYDOV+bmP/VuqkKLp2MRUmqaERmi4KUIxWjSR7IZ4ISxUcaMBFM/xWRARaYKJ1aSYdgz5+8CK1a1T6v2rdn5fpVHkcRDuEIKmDDBdThBhrQBAKP8Ayv8GY8GS/Gu/Exay0Y+cw+/JHx+QO565UV</latexit>

d2(ẋ2 � ẋ1)

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="Sv8BT+dsvuVxy/R+C35hx8Sczh0=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKe5KUC9C0IvHCOYB2TXMTnqTIbMPZnqVsOQ/vHhQxKv/4s2/cZLsQaMFDUVVN91dfiKFRtv+sgpLyyura8X10sbm1vZOeXevpeNUcWjyWMaq4zMNUkTQRIESOokCFvoS2v7oeuq3H0BpEUd3OE7AC9kgEoHgDI107+IQkNFL6ibipNYrV+yqPQP9S5ycVEiORq/86fZjnoYQIZdM665jJ+hlTKHgEiYlN9WQMD5iA+gaGrEQtJfNrp7QI6P0aRArUxHSmfpzImOh1uPQN50hw6Fe9Kbif143xeDCy0SUpAgRny8KUkkxptMIaF8o4CjHhjCuhLmV8iFTjKMJqmRCcBZf/ktap1XnrOrc1ir1qzyOIjkgh+SYOOSc1MkNaZAm4USRJ/JCXq1H69l6s97nrQUrn9knv2B9fAMP9ZGT</latexit>

✓ = ⇡/4

<latexit sha1_base64="VR+ZOchMFpo5vD/og6TLjqdqvjw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh9te0itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMg+I2z</latexit>

Fp

<latexit sha1_base64="/rZAd4lc2G6FCQIDhVAWkVLUlxw=">AAAB/3icbVDLSgMxFL1TX7W+RgU3boJFqAvLTBF1IxQFcVnBPqAdhkyaaUMzD5KMtIxd+CtuXCji1t9w59+YtrPQ6oF7OZxzL7k5XsyZVJb1ZeQWFpeWV/KrhbX1jc0tc3unIaNEEFonEY9Ey8OSchbSumKK01YsKA48Tpve4GriN++pkCwK79Qopk6AeyHzGcFKS665d+2mA7cyvtCtNHQr6BgNXfvINYtW2ZoC/SV2RoqQoeaan51uRJKAhopwLGXbtmLlpFgoRjgdFzqJpDEmA9yjbU1DHFDppNP7x+hQK13kR0JXqNBU/bmR4kDKUeDpyQCrvpz3JuJ/XjtR/rmTsjBOFA3J7CE/4UhFaBIG6jJBieIjTTARTN+KSB8LTJSOrKBDsOe//Jc0KmX7tGzfnhSrl1kcediHAyiBDWdQhRuoQR0IPMATvMCr8Wg8G2/G+2w0Z2Q7u/ALxsc3DJWULg==</latexit>

Fk2 = k2(x2 � x1)

<latexit sha1_base64="3hEhl1tX+kNSTO8t0C8XHA5tNiY=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksQl1YkiLqsujGZQV7gTaEyWTSDp1cmJmIJRQ3voobF4q49Snc+TZO2yy09YeBj/+cw5nzewlnUlnWt1FYWl5ZXSuulzY2t7Z3zN29loxTQWiTxDwWHQ9LyllEm4opTjuJoDj0OG17w+tJvX1PhWRxdKdGCXVC3I9YwAhW2nLNA9+toUrPjxV60HSKcrRPXLNsVa2p0CLYOZQhV8M1v/QsSUMaKcKxlF3bSpSTYaEY4XRc6qWSJpgMcZ92NUY4pNLJpieM0bF2fBTEQr9Ioan7eyLDoZSj0NOdIVYDOV+bmP/VuqkKLp2MRUmqaERmi4KUIxWjSR7IZ4ISxUcaMBFM/xWRARaYKJ1aSYdgz5+8CK1a1T6v2rdn5fpVHkcRDuEIKmDDBdThBhrQBAKP8Ayv8GY8GS/Gu/Exay0Y+cw+/JHx+QO565UV</latexit>

d2(ẋ2 � ẋ1)

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="s9YKeFST7Eb7NgdZIhziouS+atM=">AAACBXicbVDLSgNBEJyNrxhfUY96GAyCIITdIOpFCHrxGME8IBuW2UnHDJmdXWZ6JSHk4sVf8eJBEa/+gzf/xsnjoMaChqKqm+6uMJHCoOt+OZmFxaXllexqbm19Y3Mrv71TM3GqOVR5LGPdCJkBKRRUUaCERqKBRaGEeti7Gvv1e9BGxOoWBwm0InanREdwhlYK8vv9IKEXtB+U6DH1QUrqG6Goj11AFuQLbtGdgM4Tb0YKZIZKkP/02zFPI1DIJTOm6bkJtoZMo+ASRjk/NZAw3mN30LRUsQhMazj5YkQPrdKmnVjbUkgn6s+JIYuMGUSh7YwYds1fbyz+5zVT7Jy3hkIlKYLi00WdVFKM6TgS2hYaOMqBJYxrYW+lvMs042iDy9kQvL8vz5NaqeidFr2bk0L5chZHluyRA3JEPHJGyuSaVEiVcPJAnsgLeXUenWfnzXmftmac2cwu+QXn4xvpuJby</latexit>

xp = x2 + ` sin ✓
<latexit sha1_base64="70/M1tpzTnvpUZRkyCkG4+G9vR8=">AAACG3icbZDLSgMxFIYz9VbrbdSlm2ARBKHMFFE3QtGNywr2Ap2hZNLTNjRzITkjltL3cOOruHGhiCvBhW9j2s5CW38IfPznnCTnDxIpNDrOt5VbWl5ZXcuvFzY2t7Z37N29uo5TxaHGYxmrZsA0SBFBDQVKaCYKWBhIaASD60m9cQ9Kizi6w2ECfsh6kegKztBYbbvsdWKkD+2EXtIMy/Rkhh72ARn1QErq8VhnRtsuOiVnKroIbgZFkqnatj/NdTwNIUIumdYt10nQHzGFgksYF7xUQ8L4gPWgZTBiIWh/NN1tTI+M06HdWJkTIZ26vydGLNR6GAamM2TY1/O1iflfrZVi98IfiShJESI+e6ibSooxnQRFO0IBRzk0wLgS5q+U95liHE2cBROCO7/yItTLJfes5N6eFitXWRx5ckAOyTFxyTmpkBtSJTXCySN5Jq/kzXqyXqx362PWmrOymX3yR9bXDyAan6Q=</latexit>

ẋp = ẋ2 + ✓̇` cos ✓
<latexit sha1_base64="Zmprx9N0Eaj+QweIFWY8t9NELaI=">AAACP3icbZBNSwMxEIazftb6VfXoJVgEQSy7RdSLIHrxWMFWobsu2XRqg9nsksyKpfjPvPgXvHn14kERr95M6yraOhB4eN+ZJPNGqRQGXffRGRufmJyaLswUZ+fmFxZLS8sNk2SaQ50nMtHnETMghYI6CpRwnmpgcSThLLo66vtn16CNSNQpdlMIYnapRFtwhlYKSw2/1UqQ3oQp3affXKWbOfvYAWTUBympzxPzLWxZ/8e+qOYNRqhcCktlt+IOio6Cl0OZ5FULSw/2Qp7FoJBLZkzTc1MMekyj4BJui35mIGX8il1C06JiMZigN9j/lq5bpUXbibZHIR2ovyd6LDamG0e2M2bYMcNeX/zPa2bY3gt6QqUZguJfD7UzSTGh/TBpS2jgKLsWGNfC/pXyDtOMo428aEPwhlcehUa14u1UvJPt8sFhHkeBrJI1skE8sksOyDGpkTrh5I48kRfy6tw7z86b8/7VOubkMyvkTzkfn3rarXs=</latexit>

ẍp = ẍ2 + ✓̈` cos ✓ � ✓̇2` sin ✓

<latexit sha1_base64="SYIXPJmFfhu4vD8FJ6Tb82h/axQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7AekoWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MOVMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WmCG0TyaXqhVhTzgRtG2Y47aWK4iTktBuOb2d+94kqzaR4MJOUBgmOBYsYwcZKnX6TxbE/qNbcujsHWiVeQWpQoDWofvWHkmQJFYZwrLXvuakJcqwMI5xOK/1M0xSTMY6pb6nACdVBPr92is6sMkSRVLaEQXP190SOE60nSWg7E2xGetmbif95fmaimyBnIs0MFWSxKMo4MhLNXkdDpigxfGIJJorZWxEZYYWJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0EZjuw=</latexit>" <latexit sha1_base64="sPt5zFMtFZrmK4yzsY2e6HpymSQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ae0oWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZqDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbud+94kqzaR4MNOE+jGOBAsZwcZKnUGTRZE/rNbcupsDrRKvIDUo0BpWvwYjSdKYCkM41rrvuYnxM6wMI5zOKoNU0wSTCY5o31KBY6r9LL92hs6sMkKhVLaEQbn6eyLDsdbTOLCdMTZjvezNxf+8fmrCGz9jIkkNFWSxKEw5MhLNX0cjpigxfGoJJorZWxEZY4WJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0Qhju4=</latexit>#
<latexit sha1_base64="fktkf7e37s5ZsJjxRobER+EnYsg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHq5Jr1xxq+4MZJl4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbphJxYpU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+jbpc4XMiLEllClubyVsSBVlxoZTsiF4iy8vk+ZZ1buoevfnldpNHkcRjuAYTsGDS6jBHdShAQxCeIZXeHNGzovz7nzMWwtOPnMIf+B8/gDkZozx</latexit>=

<latexit sha1_base64="T6XJQJf89pLGc3KWhJyxv3+KsSg="></latexit>h
I
i ẋ

✓̇

�

<latexit sha1_base64="odmNx7RVWivi/omULitwI0Fk5iE=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclRkRdSMU3bisYB/YDiWTZtrQTGZI7gh16F+4caGIW//GnX9j2s5CWw8EDufcQ+49QSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJn4zUeujYjVPY4S7ke0r0QoGEUrPXR6MWZPY3JFuqWyW3GnIIvEy0kZctS6pS8bZmnEFTJJjWl7boJ+RjUKJvm42EkNTygb0j5vW6poxI2fTTcek2Or9EgYa/sUkqn6O5HRyJhRFNjJiOLAzHsT8T+vnWJ46WdCJSlyxWYfhakkGJPJ+aQnNGcoR5ZQpoXdlbAB1ZShLaloS/DmT14kjdOKd17x7s7K1eu8jgIcwhGcgAcXUIVbqEEdGCh4hld4c4zz4rw7H7PRJSfPHMAfOJ8/+p+Qdg==</latexit>

ż =

<latexit sha1_base64="ayBmYe4ZBRP1wH7PMRz2AVMO7YA=">AAACVXicbVFNSwMxEM2utdb6VfXoJVgET2W3iHosevFYwdZCt5RsdtoGs9klmRXL0j/Zi/hPvAimdZVWHQi8vHnzkZcwlcKg57057kZps7xV2a7u7O7tH9QOj7omyTSHDk9konshMyCFgg4KlNBLNbA4lPAYPt0u8o/PoI1I1ANOUxjEbKzESHCGlhrWZBDCWKg8jBlq8TKjNIgSpC9DnwbBN27+4AAngMxeq0G0plsTripBRT/Nh7W61/CWQf8CvwB1UkR7WJvbqTyLQSGXzJi+76U4yJlGwSXMqkFmIGX8iY2hb6FiMZhBvnRlRs8sE9FRou1RSJfsakXOYmOmcWiVdr+J+Z1bkP/l+hmOrge5UGmGoPjXoFEmKSZ0YTGNhAaOcmoB41rYXSmfMM042o+oWhP830/+C7rNhn/Z8O8v6q2bwo4KOSGn5Jz45Iq0yB1pkw7hZE7eHcdxnVfnwy255S+p6xQ1x2Qt3INPtDGxpg==</latexit>2

6666664

ẋ1

ẋ2

✓̇
ẍ1

ẍ2

✓̈

3

7777775

<latexit sha1_base64="fmvfbxktGVYguAzcEZi1567+Su8=">AAACK3icbZDJSgNBEIZ7XGPcRj16aQyCpzATRD1KvHiMYBbIhNDTqSRNenqG7hoxDHkfL76KBz244NX3sLMY3AoaPv5auuoPEykMet6rs7C4tLyymlvLr29sbm27O7s1E6eaQ5XHMtaNkBmQQkEVBUpoJBpYFEqoh4OLcb5+A9qIWF3jMIFWxHpKdAVnaKW2Ww5C6AmVhRFDLW5HlAadGOlt26dB8MWlOQfYB2Q0ANWZt7Tdglf0JkH/gj+DAplFpe0+2lk8jUAhl8yYpu8l2MqYRsEljPJBaiBhfMB60LSoWASmlU1uHdFDq3RoN9b2KaQT9XtHxiJjhlFoK+1+ffM7Nxb/yzVT7J61MqGSFEHx6UfdVFKM6dg42hEaOMqhBca1sLtS3meacbT25q0J/u+T/0KtVPRPiv7VceG8PLMjR/bJATkiPjkl5+SSVEiVcHJHHsgzeXHunSfnzXmfli44s5498iOcj09nZacz</latexit>2

4
ẋ1

ẋ2

✓̇

3

5

<latexit sha1_base64="7t/C1Pm+Z1nhhA3ES7Hh8R/jA64="></latexit>2

4
F1 � k1x1 � d1ẋ1 + k2(x2 � x1) + d2(ẋ2 � ẋ1)
F2 +m3✓̇2` sin ✓ � k2(x2 � x1)� d2(ẋ2 � ẋ1)

�mg` sin ✓

3

5
<latexit sha1_base64="69S4UoU2OTRz9Z/TU262jzltLME="></latexit>2

4
m1 0 0
0 (m2 +m3) m3` cos ✓
0 m3` cos ✓ m3`2

3

5

<latexit sha1_base64="PBY966hDOsEIvQ2gLkwz3z6K9rQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURUY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1Fjp4czrlStu1Z2BLBMvJxXIUe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzS6dkBOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HBKNgRv8eVl0jyvepdV7/6iUrvJ4yjCERzDKXhwBTW4gzo0gEEIz/AKb87IeXHenY95a8HJZw7hD5zPH+XajPI=</latexit>�1

<latexit sha1_base64="cD4k4KNzpmj/EC8Ge0xqniELPZI=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiGzdCBfvAtpRMeqcNzWSGJCOUoX/hxoUibv0bd/6NmXYW2nogcDjnXnLu8WPBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpKFMMGi0Sk2j7VKLjEhuFGYDtWSENfYMsf32R+6wmV5pF8MJMYeyEdSh5wRo2VHrshNSM/SO+m/XLFrbozkGXi5aQCOer98ld3ELEkRGmYoFp3PDc2vZQqw5nAaambaIwpG9MhdiyVNETdS2eJp+TEKgMSRMo+achM/b2R0lDrSejbySyhXvQy8T+vk5jgqpdyGScGJZt/FCSCmIhk55MBV8iMmFhCmeI2K2EjqigztqSSLcFbPHmZNM+q3kXVuz+v1K7zOopwBMdwCh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxHC06+cwh/4Hz+AL3akPc=</latexit>

M <latexit sha1_base64="Uj6nJ3AsEVHd4YV8iSLkuEEseJM=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EcRSEGZ32qzW37s5AlolXkBoUaParX71BzNKIK2SSGtP13AT9jGoUTPJppZcanlA2pkPetVTRiBs/myWekhOrDEgYa/sUkpn6eyOjkTGTKLCTeUKz6OXif143xfDKz4RKUuSKzT8KU0kwJvn5ZCA0ZygnllCmhc1K2IhqytCWVLEleIsnL5P2Wd27qHt357XGdVFHGY7gGE7Bg0towC00oQUMFDzDK7w5xnlx3p2P+WjJKXYO4Q+czx/cPpEL</latexit>a
<latexit sha1_base64="sZ49ajG7bco8ZWSalhiKsP33yl4=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiIC4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4WV1bX1jeJmaWt7Z3evvH/Q1FGiGDZYJCLV9qlGwSU2DDcC27FCGvoCW/74JvNbT6g0j+SDmcTYC+lQ8oAzaqz02A2pGflBejvtlytu1Z2BLBMvJxXIUe+Xv7qDiCUhSsME1brjubHppVQZzgROS91EY0zZmA6xY6mkIepeOks8JSdWGZAgUvZJQ2bq742UhlpPQt9OZgn1opeJ/3mdxARXvZTLODEo2fyjIBHERCQ7nwy4QmbExBLKFLdZCRtRRZmxJZVsCd7iycukeVb1Lqre/Xmldp3XUYQjOIZT8OASanAHdWgAAwnP8ApvjnZenHfnYz5acPKdQ/gD5/MHszeQ8A==</latexit>

F
<latexit sha1_base64="l2Ugl02wXDnbzBSKXsioGAyh6Dw=">AAACD3icbVDLSgMxFL1TX7W+Rl26CRbFjWVGRN0IRUHcCBXsA9qxZNJMG5p5kGSEMswfuPFX3LhQxK1bd/6NmT5AWw8Ezj3nXnLvcSPOpLKsbyM3N7+wuJRfLqysrq1vmJtbNRnGgtAqCXkoGi6WlLOAVhVTnDYiQbHvclp3+5eZX3+gQrIwuFODiDo+7gbMYwQrLbXN/ZaPVc/1EpyiczQpbtL75NBOJ+VV2jaLVskaAs0Se0yKMEalbX61OiGJfRoowrGUTduKlJNgoRjhNC20YkkjTPq4S5uaBtin0kmG96RoTysd5IVCv0Chofp7IsG+lAPf1Z3ZhnLay8T/vGasvDMnYUEUKxqQ0UdezJEKURYO6jBBieIDTTARTO+KSA8LTJSOsKBDsKdPniW1o5J9UrJvj4vli3EcediBXTgAG06hDNdQgSoQeIRneIU348l4Md6Nj1FrzhjPbMMfGJ8//aucpA==</latexit>

a = M�1F

<latexit sha1_base64="5etlQgqY64WGu+17OmqAUVi3uDo=">AAAB+nicbVDLSgMxFM34rPU11aWbYBEqSJkRUTdC0Y3LCvYB7VAyaaYNzWSG5I7Sjv0UNy4UceuXuPNvTNtZaOuBC4dz7k3uPX4suAbH+baWlldW19ZzG/nNre2dXbuwV9dRoiir0UhEqukTzQSXrAYcBGvGipHQF6zhD24mfuOBKc0jeQ/DmHkh6UkecErASB270O5GkI7G+AoHpdFJcow7dtEpO1PgReJmpIgyVDv2l3mDJiGTQAXRuuU6MXgpUcCpYON8O9EsJnRAeqxlqCQh0146XX2Mj4zSxUGkTEnAU/X3REpCrYehbzpDAn09703E/7xWAsGll3IZJ8AknX0UJAJDhCc54C5XjIIYGkKo4mZXTPtEEQomrbwJwZ0/eZHUT8vuedm9OytWrrM4cugAHaISctEFqqBbVEU1RNEjekav6M16sl6sd+tj1rpkZTP76A+szx+IMpLf</latexit>

ż = f(z, u)
<latexit sha1_base64="zqBZPsCuMyo5Ic9hyNyOLEIEggQ=">AAACLHicbZBLSwMxEMezPmt9rXr0EiyCp7JbRL0IxV48VugLtuuSTdM2NPsgmRVr6Qfy4lcRxINFvPo5zLaraOtAhh///0ySGT8WXIFlTYyl5ZXVtfXcRn5za3tn19zbb6gokZTVaSQi2fKJYoKHrA4cBGvFkpHAF6zpDyqp37xjUvEorMEwZm5AeiHvckpAS55ZecCX2Gnje8/GaS7p3IY+A5JCJ4LMybD0jT817m3NMwtW0ZoGXgQ7gwLKouqZL/oOmgQsBCqIUo5txeCOiAROBRvn24liMaED0mOOxpAETLmj6bBjfKyVDu5GUp8Q8FT93TEigVLDwNeVAYG+mvdS8T/PSaB74Y54GCfAQjp7qJsIDBFON4c7XDIKYqiBUMn1XzHtE0ko6P3m9RLs+ZEXoVEq2mdF++a0UL7K1pFDh+gInSAbnaMyukZVVEcUPaJn9IYmxpPxarwbH7PSJSPrOUB/wvj8AnIupCM=</latexit>

z = [ x1 x2 ✓ ẋ1 ẋ2 ✓̇ ]T
<latexit sha1_base64="LLIhNCty/P7nY1UjVN+9OCxP604=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWwVVJiqgboSiIywp9CGkMk+mkHTp5MDMRSujGX3HjQhG3foY7/8ZJm4W2HpjL4Zx7uXOPn3AmlWV9G6Wl5ZXVtfJ6ZWNza3vH3N3ryDgVhLZJzGNx72NJOYtoWzHF6X0iKA59Trv+6Dr3u49USBZHLTVOqBviQcQCRrDSkmcepAhdIqeHbjwb5bWuq/vQ8syqVbOmQIvELkgVCjQ986vXj0ka0kgRjqV0bCtRboaFYoTTSaWXSppgMsID6mga4ZBKN5seMEHHWumjIBb6RQpN1d8TGQ6lHIe+7gyxGsp5Lxf/85xUBRduxqIkVTQis0VBypGKUZ4G6jNBieJjTTARTP8VkSEWmCidWUWHYM+fvEg69Zp9VrPvTquNqyKOMhzCEZyADefQgFtoQhsITOAZXuHNeDJejHfjY9ZaMoqZffgD4/MH+jSTdA==</latexit>

u = [ F1 F2 ]T

<latexit sha1_base64="0UvdONimD/3SMd4Dk7RFyBmNMkg=">AAACLnicbVDLSsNAFJ34rPVVdelmsAiuSiKiLosiuKxgq9CUMJnctIOTSZi5EUvwi9z4K7oQVMStn+H04dsDA+eeew9z7wkzKQy67qMzMTk1PTNbmivPLywuLVdWVlsmzTWHJk9lqs9DZkAKBU0UKOE808CSUMJZeHE46J9dgjYiVafYz6CTsK4SseAMrRRUjvwQukIVYcJQi6vrsh9FKdKrwKO+Tz+K7a/Cxx4go2UfVPTpCipVt+YOQf8Sb0yqZIxGULn3o5TnCSjkkhnT9twMOwXTKLgEu0VuIGP8gnWhbaliCZhOMTz3mm5aJaJxqu1TSIfqd0fBEmP6SWgn7X4987s3EP/rtXOM9zuFUFmOoPjooziXFFM6yI5GQgNH2beEcS3srpT3mGYcbcJlG4L3++S/pLVd83Zr3slOtX4wjqNE1skG2SIe2SN1ckwapEk4uSF35Ik8O7fOg/PivI5GJ5yxZ438gPP2Dqn+qFE=</latexit>2

4
ẍ1

ẍ2

✓̈

3

5

<latexit sha1_base64="69S4UoU2OTRz9Z/TU262jzltLME="></latexit>2

4
m1 0 0
0 (m2 +m3) m3` cos ✓
0 m3` cos ✓ m3`2

3

5
<latexit sha1_base64="fktkf7e37s5ZsJjxRobER+EnYsg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHq5Jr1xxq+4MZJl4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbphJxYpU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+jbpc4XMiLEllClubyVsSBVlxoZTsiF4iy8vk+ZZ1buoevfnldpNHkcRjuAYTsGDS6jBHdShAQxCeIZXeHNGzovz7nzMWwtOPnMIf+B8/gDkZozx</latexit>=

<latexit sha1_base64="7t/C1Pm+Z1nhhA3ES7Hh8R/jA64="></latexit>2

4
F1 � k1x1 � d1ẋ1 + k2(x2 � x1) + d2(ẋ2 � ẋ1)
F2 +m3✓̇2` sin ✓ � k2(x2 � x1)� d2(ẋ2 � ẋ1)

�mg` sin ✓

3

5
<latexit sha1_base64="3SvQCNdmVfTWYmKNa+pp7/Iolzw=">AAACAHicbVA9SwNBEN2LXzF+RS0sbBaDYGO4U1HLoI1lBPMBuSPsbSbJkr29Y3dOCEca/4qNhSK2/gw7/42bj0ITHww83pthZl6YSGHQdb+d3NLyyupafr2wsbm1vVPc3aubONUcajyWsW6GzIAUCmooUEIz0cCiUEIjHNyO/cYjaCNi9YDDBIKI9ZToCs7QSu3iwWnUPqc96oOU1DdCUR/7gKxdLLlldwK6SLwZKZEZqu3il9+JeRqBQi6ZMS3PTTDImEbBJYwKfmogYXzAetCyVLEITJBNHhjRY6t0aDfWthTSifp7ImORMcMotJ0Rw76Z98bif14rxe51kAmVpAiKTxd1U0kxpuM0aEdo4CiHljCuhb2V8j7TjKPNrGBD8OZfXiT1s7J3WfbuL0qVm1kceXJIjsgJ8cgVqZA7UiU1wsmIPJNX8uY8OS/Ou/Mxbc05s5l98gfO5w/tBZVb</latexit>

�m3g` sin ✓



Example: Two Blocks + Pendulum Free Body Diagrams

Block 1

Kinematics

Dynamics:

<latexit sha1_base64="Jl6U/80Y4OCqS/GzNhOvULJrz64=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh3Hf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVa9W9e4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD5y42Z</latexit>

k1
<latexit sha1_base64="rTF8T6tLw0pLZekIMTPHaz3r8sM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK1hbaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjLdYIhPdCajhUijeQoGSd1LNaRxI3g5GN1O//cS1EYl6wHHK/ZgOlIgEo2il+7Dv9as1t+7OQJaJV5AaFGj2q1+9MGFZzBUySY3pem6Kfk41Cib5pNLLDE8pG9EB71qqaMyNn89OnZATq4QkSrQthWSm/p7IaWzMOA5sZ0xxaBa9qfif180wuvJzodIMuWLzRVEmCSZk+jcJheYM5dgSyrSwtxI2pJoytOlUbAje4svL5PGs7l3UvbvzWuO6iKMMR3AMp+DBJTTgFprQAgYDeIZXeHOk8+K8Ox/z1pJTzBzCHzifP+8hjZI=</latexit>

d1

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="Pq8Y5lpI1WrAkKy2RY8QNCh0YLU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPBbY10</latexit>

F1

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="4UzQl73GG4I16IwPQBbBI2jdw7Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyqqMegF48RzQOSJcxOZpMh81hmZoWw5BO8eFDEq1/kzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTv3WE9WGKfloxwkNBR5IFjOCrZMeRO+8V674VX8GtEyCnFQgR71X/ur2FUkFlZZwbEwn8BMbZlhbRjidlLqpoQkmIzygHUclFtSE2ezUCTpxSh/FSruSFs3U3xMZFsaMReQ6BbZDs+hNxf+8Tmrj6zBjMkktlWS+KE45sgpN/0Z9pimxfOwIJpq5WxEZYo2JdemUXAjB4svLpHlWDS6rwf1FpXaTx1GEIziGUwjgCmpwB3VoAIEBPMMrvHnce/HevY95a8HLZw7hD7zPH//fjZ0=</latexit>m3

<latexit sha1_base64="Sv8BT+dsvuVxy/R+C35hx8Sczh0=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKe5KUC9C0IvHCOYB2TXMTnqTIbMPZnqVsOQ/vHhQxKv/4s2/cZLsQaMFDUVVN91dfiKFRtv+sgpLyyura8X10sbm1vZOeXevpeNUcWjyWMaq4zMNUkTQRIESOokCFvoS2v7oeuq3H0BpEUd3OE7AC9kgEoHgDI107+IQkNFL6ibipNYrV+yqPQP9S5ycVEiORq/86fZjnoYQIZdM665jJ+hlTKHgEiYlN9WQMD5iA+gaGrEQtJfNrp7QI6P0aRArUxHSmfpzImOh1uPQN50hw6Fe9Kbif143xeDCy0SUpAgRny8KUkkxptMIaF8o4CjHhjCuhLmV8iFTjKMJqmRCcBZf/ktap1XnrOrc1ir1qzyOIjkgh+SYOOSc1MkNaZAm4USRJ/JCXq1H69l6s97nrQUrn9knv2B9fAMP9ZGT</latexit>

✓ = ⇡/4

<latexit sha1_base64="OtFut2t1oeeBbCZBcPqXrEbV6x4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6p7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA9ejkE=</latexit>

`
<latexit sha1_base64="Xh4Xc41jus8oyAFvcAsLe257fk4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDv1W09MG67kgx0nLIjJQPKIU2Kd1Byga4T9XrniV/0Z0DLBOalAjnqv/NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ+jEKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gkgsBL768TJpnVXxRxffnldpNHkcRjuAYTgHDJdTgDurQAAqP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwDbNo4B</latexit>

g = 10

<latexit sha1_base64="MeeW59RNc5n/WcyFwX2ZwPWPS9A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MO7X+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH7T42a</latexit>

k2
<latexit sha1_base64="WVTk2Sa48NbWsCa+TxUceyC/rvA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWw2m3bpZhN2J0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTjDdZIhPdCajhUijeRIGSd1LNaRxI3g5GtzO//cS1EYl6xHHK/ZgOlIgEo2ilh7Bf65crbtWdg6wSLycVyNHol796YcKymCtkkhrT9dwU/QnVKJjk01IvMzylbEQHvGupojE3/mR+6pScWSUkUaJtKSRz9ffEhMbGjOPAdsYUh2bZm4n/ed0Mo2t/IlSaIVdssSjKJMGEzP4modCcoRxbQpkW9lbChlRThjadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwDO8wpsjnRfn3flYtBacfOYY/sD5/AHwpY2T</latexit>

d2

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="l5q9WZht3sUz+jWYFI33L+hwNxs=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD7Jf65crXtWbA68SPycVyNHol796g5imkilLBTGm63uJDTKiLaeCTUu91LCE0DEZsq6jikhmgmx+6hSfOWWAo1i7UhbP1d8TGZHGTGToOiWxI7PszcT/vG5qo+sg4ypJLVN0sShKBbYxnv2NB1wzasXEEUI1d7diOiKaUOvSKbkQ/OWXV0mrVvUvq/79RaV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwD+W42c</latexit>m2

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="Sv8BT+dsvuVxy/R+C35hx8Sczh0=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKe5KUC9C0IvHCOYB2TXMTnqTIbMPZnqVsOQ/vHhQxKv/4s2/cZLsQaMFDUVVN91dfiKFRtv+sgpLyyura8X10sbm1vZOeXevpeNUcWjyWMaq4zMNUkTQRIESOokCFvoS2v7oeuq3H0BpEUd3OE7AC9kgEoHgDI107+IQkNFL6ibipNYrV+yqPQP9S5ycVEiORq/86fZjnoYQIZdM665jJ+hlTKHgEiYlN9WQMD5iA+gaGrEQtJfNrp7QI6P0aRArUxHSmfpzImOh1uPQN50hw6Fe9Kbif143xeDCy0SUpAgRny8KUkkxptMIaF8o4CjHhjCuhLmV8iFTjKMJqmRCcBZf/ktap1XnrOrc1ir1qzyOIjkgh+SYOOSc1MkNaZAm4USRJ/JCXq1H69l6s97nrQUrn9knv2B9fAMP9ZGT</latexit>

✓ = ⇡/4

<latexit sha1_base64="OtFut2t1oeeBbCZBcPqXrEbV6x4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6p7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA9ejkE=</latexit>

`

<latexit sha1_base64="VR+ZOchMFpo5vD/og6TLjqdqvjw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh9te0itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMg+I2z</latexit>

Fp

<latexit sha1_base64="gg+Bkn7RnYX4BoCQllMUcLQ+tYg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btbhJ2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4bua3n1BpHkcPZpKgL+kw4iFn1FipIfvlilt15yCrxMtJBXLU++Wv3iBmqcTIMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtjahE7WfzQ6fkzCoDEsbKVmTIXP09kVGp9UQGtlNSM9LL3kz8z+umJrzxMx4lqcGILRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB14WM9w==</latexit>m

<latexit sha1_base64="Xh4Xc41jus8oyAFvcAsLe257fk4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDv1W09MG67kgx0nLIjJQPKIU2Kd1Byga4T9XrniV/0Z0DLBOalAjnqv/NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ+jEKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gkgsBL768TJpnVXxRxffnldpNHkcRjuAYTgHDJdTgDurQAAqP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwDbNo4B</latexit>

g = 10

<latexit sha1_base64="Pq8Y5lpI1WrAkKy2RY8QNCh0YLU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPBbY10</latexit>

F1<latexit sha1_base64="skeX6jq2/J2zA/jYJKe14f0nR54=">AAACAXicbZDLSgMxFIbPeK31NupGcBMsggspMyLqsujGZQV7gXYYMmnahmYuJGfEMtSNr+LGhSJufQt3vo1pOwtt/SHw8Z9zkpw/SKTQ6Djf1sLi0vLKamGtuL6xubVt7+zWdZwqxmsslrFqBlRzKSJeQ4GSNxPFaRhI3ggG1+N6454rLeLoDocJ90Lai0RXMIrG8u39B989Ie1OjCSnHH275JSdicg8uDmUIFfVt7/MLSwNeYRMUq1brpOgl1GFgkk+KrZTzRPKBrTHWwYjGnLtZZMNRuTIOB3SjZU5EZKJ+3sio6HWwzAwnSHFvp6tjc3/aq0Uu5deJqIkRR6x6UPdVBKMyTgO0hGKM5RDA5QpYf5KWJ8qytCEVjQhuLMrz0P9tOyel93bs1LlKo+jAAdwCMfgwgVU4AaqUAMGj/AMr/BmPVkv1rv1MW1dsPKZPfgj6/MH2liVOw==</latexit>

x1, ẋ1, ẍ1

Block 2
<latexit sha1_base64="QTvPlFewujsBhR+uv1nPt/0Uqxg=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYBBdSZoqoy6IblxXsBdphyKSZNjSTGZIzYhnqxldx40IRt76FO9/GtJ2Ftv4Q+PjPOUnOHySCa3Ccb6uwtLyyulZcL21sbm3v2Lt7TR2nirIGjUWs2gHRTHDJGsBBsHaiGIkCwVrB8HpSb90zpXks72CUMC8ifclDTgkYy7cPHvzqKe72YsA55ejbZafiTIUXwc2hjHLVffvL3ELTiEmggmjdcZ0EvIwo4FSwcambapYQOiR91jEoScS0l003GONj4/RwGCtzJOCp+3siI5HWoygwnRGBgZ6vTcz/ap0Uwksv4zJJgUk6eyhMBYYYT+LAPa4YBTEyQKji5q+YDogiFExoJROCO7/yIjSrFfe84t6elWtXeRxFdIiO0Aly0QWqoRtURw1E0SN6Rq/ozXqyXqx362PWWrDymX30R9bnD98ElT4=</latexit>

x2, ẋ2, ẍ2

Pendulum

<latexit sha1_base64="s5EoyW8rmnT70NWAvY1F2lZZUiI=">AAACAXicbVDLSgNBEJz1GeNr1YvgZTAIXgy7IupFCHrxGME8ILsss5NOMmT2wUyvEEK8+CtePCji1b/w5t84SfagiQUNRVU33V1hKoVGx/m2FhaXlldWC2vF9Y3NrW17Z7euk0xxqPFEJqoZMg1SxFBDgRKaqQIWhRIaYf9m7DceQGmRxPc4SMGPWDcWHcEZGimw9wdBSq/oCfVASurxRFMPe4AssEtO2ZmAzhM3JyWSoxrYX1474VkEMXLJtG65Tor+kCkUXMKo6GUaUsb7rAstQ2MWgfaHkw9G9MgobdpJlKkY6UT9PTFkkdaDKDSdEcOenvXG4n9eK8POpT8UcZohxHy6qJNJigkdx0HbQgFHOTCEcSXMrZT3mGIcTWhFE4I7+/I8qZ+W3fOye3dWqlzncRTIATkkx8QlF6RCbkmV1Agnj+SZvJI368l6sd6tj2nrgpXP7JE/sD5/AHFQlZ8=</latexit>

yp = �` cos ✓
<latexit sha1_base64="Wo0SVK2iyMPOjg76nvQoGtXfINs=">AAACEnicbZDLSgMxFIYz9VbrrerSTbAIuikzIupGKLpxWcFeoFNKJj1tQzOZITkjlKHP4MZXceNCEbeu3Pk2ptMutPWHwMd/zkly/iCWwqDrfju5peWV1bX8emFjc2t7p7i7VzdRojnUeCQj3QyYASkU1FCghGasgYWBhEYwvJnUGw+gjYjUPY5iaIesr0RPcIbW6hRP/G6E6WjciekVzdjHASAbUx+kpL4Rik6dTrHklt1MdBG8GZTITNVO8cvex5MQFHLJjGl5boztlGkUXMK44CcGYsaHrA8ti4qFYNppttKYHlmnS3uRtkchzdzfEykLjRmFge0MGQ7MfG1i/ldrJdi7bKdCxQmC4tOHeomkGNFJPrQrNHCUIwuMa2H/SvmAacbRpliwIXjzKy9C/bTsnZe9u7NS5XoWR54ckENyTDxyQSrkllRJjXDySJ7JK3lznpwX5935mLbmnNnMPvkj5/MHLJOdyQ==</latexit>

ẏp = ✓̇` sin ✓
<latexit sha1_base64="vKSK0Z3oGqSiVA9FrqLFuepDuHc=">AAACNnicbVDLSgMxFM34rPVVdekmWARBKDMi6kYounEjVLAP6NSSSW/b0ExmSO4IZehXufE73HXjQhG3foJpO+DzQuDknHNvck8QS2HQdcfO3PzC4tJybiW/ura+sVnY2q6ZKNEcqjySkW4EzIAUCqooUEIj1sDCQEI9GFxO9Po9aCMidYvDGFoh6ynRFZyhpdqFa7/TiTAdjtoxPaezi499QDaiPkhJfSMUnTH00Bq+9LujzMEjkznahaJbcqdF/wIvA0WSVaVdeLITeRKCQi6ZMU3PjbGVMo2CSxjl/cRAzPiA9aBpoWIhmFY6XXtE9y3Tod1I26OQTtnvHSkLjRmGgXWGDPvmtzYh/9OaCXbPWqlQcYKg+OyhbiIpRnSSIe0IDRzl0ALGtbB/pbzPNONok87bELzfK/8FtaOSd1Lybo6L5YssjhzZJXvkgHjklJTJFamQKuHkgYzJC3l1Hp1n5815n1nnnKxnh/wo5+MT+WmsDQ==</latexit>

ÿp = ✓̈` sin ✓ + ✓̇2` cos ✓

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="/rZAd4lc2G6FCQIDhVAWkVLUlxw=">AAAB/3icbVDLSgMxFL1TX7W+RgU3boJFqAvLTBF1IxQFcVnBPqAdhkyaaUMzD5KMtIxd+CtuXCji1t9w59+YtrPQ6oF7OZxzL7k5XsyZVJb1ZeQWFpeWV/KrhbX1jc0tc3unIaNEEFonEY9Ey8OSchbSumKK01YsKA48Tpve4GriN++pkCwK79Qopk6AeyHzGcFKS665d+2mA7cyvtCtNHQr6BgNXfvINYtW2ZoC/SV2RoqQoeaan51uRJKAhopwLGXbtmLlpFgoRjgdFzqJpDEmA9yjbU1DHFDppNP7x+hQK13kR0JXqNBU/bmR4kDKUeDpyQCrvpz3JuJ/XjtR/rmTsjBOFA3J7CE/4UhFaBIG6jJBieIjTTARTN+KSB8LTJSOrKBDsOe//Jc0KmX7tGzfnhSrl1kcediHAyiBDWdQhRuoQR0IPMATvMCr8Wg8G2/G+2w0Z2Q7u/ALxsc3DJWULg==</latexit>

Fk2 = k2(x2 � x1)
<latexit sha1_base64="59P3Xqa0/IQN/2gVvk8rkEHi5SU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0y5JN0zY2myxJVixL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJYIb6/vfXmFldW19o7hZ2tre2d0r7x80jUo1ZQ2qhNLtiBgmuGQNy61g7UQzEkeCtaLRzdRvPTJtuJL3dpywICYDyfucEuuk5ijETyEOyxW/6s+AlgnOSQVy1MPyV7enaBozaakgxnSwn9ggI9pyKtik1E0NSwgdkQHrOCpJzEyQza6doBOn9FBfaVfSopn6eyIjsTHjOHKdMbFDs+hNxf+8Tmr7V0HGZZJaJul8UT8VyCo0fR31uGbUirEjhGrubkV0SDSh1gVUciHgxZeXSfOsii+q+O68UrvO4yjCERzDKWC4hBrcQh0aQOEBnuEV3jzlvXjv3se8teDlM4fwB97nD/0Hjr8=</latexit>

k1x1
<latexit sha1_base64="Z7gKJTPt9jmMOeI76gjFSuR0yCU=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqkxE1GXRjcsKthbaYchkMm1o5kFyRyylv+HGhSJu/Rl3/o1pOwttPRA4nHMP9+YEmZIGXffbKa2srq1vlDcrW9s7u3vV/YO2SXPNRYunKtWdgBmhZCJaKFGJTqYFiwMlHoLhzdR/eBTayDS5x1EmvJj1ExlJztBKvdCnpBemSJ586ldrbt2dgSwTWpAaFGj61S8b5XksEuSKGdOlbobemGmUXIlJpZcbkTE+ZH3RtTRhsTDeeHbzhJxYJSRRqu1LkMzU34kxi40ZxYGdjBkOzKI3Ff/zujlGV95YJlmOIuHzRVGuCKZkWgAJpRYc1cgSxrW0txI+YJpxtDVVbAl08cvLpH1Wpxd1endea1wXdZThCI7hFChcQgNuoQkt4JDBM7zCm5M7L8678zEfLTlF5hD+wPn8AbwxkNc=</latexit>

d1ẋ1
<latexit sha1_base64="3hEhl1tX+kNSTO8t0C8XHA5tNiY=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksQl1YkiLqsujGZQV7gTaEyWTSDp1cmJmIJRQ3voobF4q49Snc+TZO2yy09YeBj/+cw5nzewlnUlnWt1FYWl5ZXSuulzY2t7Z3zN29loxTQWiTxDwWHQ9LyllEm4opTjuJoDj0OG17w+tJvX1PhWRxdKdGCXVC3I9YwAhW2nLNA9+toUrPjxV60HSKcrRPXLNsVa2p0CLYOZQhV8M1v/QsSUMaKcKxlF3bSpSTYaEY4XRc6qWSJpgMcZ92NUY4pNLJpieM0bF2fBTEQr9Ioan7eyLDoZSj0NOdIVYDOV+bmP/VuqkKLp2MRUmqaERmi4KUIxWjSR7IZ4ISxUcaMBFM/xWRARaYKJ1aSYdgz5+8CK1a1T6v2rdn5fpVHkcRDuEIKmDDBdThBhrQBAKP8Ayv8GY8GS/Gu/Exay0Y+cw+/JHx+QO565UV</latexit>

d2(ẋ2 � ẋ1)

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="Sv8BT+dsvuVxy/R+C35hx8Sczh0=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKe5KUC9C0IvHCOYB2TXMTnqTIbMPZnqVsOQ/vHhQxKv/4s2/cZLsQaMFDUVVN91dfiKFRtv+sgpLyyura8X10sbm1vZOeXevpeNUcWjyWMaq4zMNUkTQRIESOokCFvoS2v7oeuq3H0BpEUd3OE7AC9kgEoHgDI107+IQkNFL6ibipNYrV+yqPQP9S5ycVEiORq/86fZjnoYQIZdM665jJ+hlTKHgEiYlN9WQMD5iA+gaGrEQtJfNrp7QI6P0aRArUxHSmfpzImOh1uPQN50hw6Fe9Kbif143xeDCy0SUpAgRny8KUkkxptMIaF8o4CjHhjCuhLmV8iFTjKMJqmRCcBZf/ktap1XnrOrc1ir1qzyOIjkgh+SYOOSc1MkNaZAm4USRJ/JCXq1H69l6s97nrQUrn9knv2B9fAMP9ZGT</latexit>

✓ = ⇡/4

<latexit sha1_base64="VR+ZOchMFpo5vD/og6TLjqdqvjw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh9te0itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMg+I2z</latexit>

Fp

<latexit sha1_base64="/rZAd4lc2G6FCQIDhVAWkVLUlxw=">AAAB/3icbVDLSgMxFL1TX7W+RgU3boJFqAvLTBF1IxQFcVnBPqAdhkyaaUMzD5KMtIxd+CtuXCji1t9w59+YtrPQ6oF7OZxzL7k5XsyZVJb1ZeQWFpeWV/KrhbX1jc0tc3unIaNEEFonEY9Ey8OSchbSumKK01YsKA48Tpve4GriN++pkCwK79Qopk6AeyHzGcFKS665d+2mA7cyvtCtNHQr6BgNXfvINYtW2ZoC/SV2RoqQoeaan51uRJKAhopwLGXbtmLlpFgoRjgdFzqJpDEmA9yjbU1DHFDppNP7x+hQK13kR0JXqNBU/bmR4kDKUeDpyQCrvpz3JuJ/XjtR/rmTsjBOFA3J7CE/4UhFaBIG6jJBieIjTTARTN+KSB8LTJSOrKBDsOe//Jc0KmX7tGzfnhSrl1kcediHAyiBDWdQhRuoQR0IPMATvMCr8Wg8G2/G+2w0Z2Q7u/ALxsc3DJWULg==</latexit>

Fk2 = k2(x2 � x1)

<latexit sha1_base64="3hEhl1tX+kNSTO8t0C8XHA5tNiY=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksQl1YkiLqsujGZQV7gTaEyWTSDp1cmJmIJRQ3voobF4q49Snc+TZO2yy09YeBj/+cw5nzewlnUlnWt1FYWl5ZXSuulzY2t7Z3zN29loxTQWiTxDwWHQ9LyllEm4opTjuJoDj0OG17w+tJvX1PhWRxdKdGCXVC3I9YwAhW2nLNA9+toUrPjxV60HSKcrRPXLNsVa2p0CLYOZQhV8M1v/QsSUMaKcKxlF3bSpSTYaEY4XRc6qWSJpgMcZ92NUY4pNLJpieM0bF2fBTEQr9Ioan7eyLDoZSj0NOdIVYDOV+bmP/VuqkKLp2MRUmqaERmi4KUIxWjSR7IZ4ISxUcaMBFM/xWRARaYKJ1aSYdgz5+8CK1a1T6v2rdn5fpVHkcRDuEIKmDDBdThBhrQBAKP8Ayv8GY8GS/Gu/Exay0Y+cw+/JHx+QO565UV</latexit>

d2(ẋ2 � ẋ1)

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="s9YKeFST7Eb7NgdZIhziouS+atM=">AAACBXicbVDLSgNBEJyNrxhfUY96GAyCIITdIOpFCHrxGME8IBuW2UnHDJmdXWZ6JSHk4sVf8eJBEa/+gzf/xsnjoMaChqKqm+6uMJHCoOt+OZmFxaXllexqbm19Y3Mrv71TM3GqOVR5LGPdCJkBKRRUUaCERqKBRaGEeti7Gvv1e9BGxOoWBwm0InanREdwhlYK8vv9IKEXtB+U6DH1QUrqG6Goj11AFuQLbtGdgM4Tb0YKZIZKkP/02zFPI1DIJTOm6bkJtoZMo+ASRjk/NZAw3mN30LRUsQhMazj5YkQPrdKmnVjbUkgn6s+JIYuMGUSh7YwYds1fbyz+5zVT7Jy3hkIlKYLi00WdVFKM6TgS2hYaOMqBJYxrYW+lvMs042iDy9kQvL8vz5NaqeidFr2bk0L5chZHluyRA3JEPHJGyuSaVEiVcPJAnsgLeXUenWfnzXmftmac2cwu+QXn4xvpuJby</latexit>

xp = x2 + ` sin ✓
<latexit sha1_base64="70/M1tpzTnvpUZRkyCkG4+G9vR8=">AAACG3icbZDLSgMxFIYz9VbrbdSlm2ARBKHMFFE3QtGNywr2Ap2hZNLTNjRzITkjltL3cOOruHGhiCvBhW9j2s5CW38IfPznnCTnDxIpNDrOt5VbWl5ZXcuvFzY2t7Z37N29uo5TxaHGYxmrZsA0SBFBDQVKaCYKWBhIaASD60m9cQ9Kizi6w2ECfsh6kegKztBYbbvsdWKkD+2EXtIMy/Rkhh72ARn1QErq8VhnRtsuOiVnKroIbgZFkqnatj/NdTwNIUIumdYt10nQHzGFgksYF7xUQ8L4gPWgZTBiIWh/NN1tTI+M06HdWJkTIZ26vydGLNR6GAamM2TY1/O1iflfrZVi98IfiShJESI+e6ibSooxnQRFO0IBRzk0wLgS5q+U95liHE2cBROCO7/yItTLJfes5N6eFitXWRx5ckAOyTFxyTmpkBtSJTXCySN5Jq/kzXqyXqx362PWmrOymX3yR9bXDyAan6Q=</latexit>

ẋp = ẋ2 + ✓̇` cos ✓
<latexit sha1_base64="Zmprx9N0Eaj+QweIFWY8t9NELaI=">AAACP3icbZBNSwMxEIazftb6VfXoJVgEQSy7RdSLIHrxWMFWobsu2XRqg9nsksyKpfjPvPgXvHn14kERr95M6yraOhB4eN+ZJPNGqRQGXffRGRufmJyaLswUZ+fmFxZLS8sNk2SaQ50nMtHnETMghYI6CpRwnmpgcSThLLo66vtn16CNSNQpdlMIYnapRFtwhlYKSw2/1UqQ3oQp3affXKWbOfvYAWTUBympzxPzLWxZ/8e+qOYNRqhcCktlt+IOio6Cl0OZ5FULSw/2Qp7FoJBLZkzTc1MMekyj4BJui35mIGX8il1C06JiMZigN9j/lq5bpUXbibZHIR2ovyd6LDamG0e2M2bYMcNeX/zPa2bY3gt6QqUZguJfD7UzSTGh/TBpS2jgKLsWGNfC/pXyDtOMo428aEPwhlcehUa14u1UvJPt8sFhHkeBrJI1skE8sksOyDGpkTrh5I48kRfy6tw7z86b8/7VOubkMyvkTzkfn3rarXs=</latexit>

ẍp = ẍ2 + ✓̈` cos ✓ � ✓̇2` sin ✓
<latexit sha1_base64="cD4k4KNzpmj/EC8Ge0xqniELPZI=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiGzdCBfvAtpRMeqcNzWSGJCOUoX/hxoUibv0bd/6NmXYW2nogcDjnXnLu8WPBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpKFMMGi0Sk2j7VKLjEhuFGYDtWSENfYMsf32R+6wmV5pF8MJMYeyEdSh5wRo2VHrshNSM/SO+m/XLFrbozkGXi5aQCOer98ld3ELEkRGmYoFp3PDc2vZQqw5nAaambaIwpG9MhdiyVNETdS2eJp+TEKgMSRMo+achM/b2R0lDrSejbySyhXvQy8T+vk5jgqpdyGScGJZt/FCSCmIhk55MBV8iMmFhCmeI2K2EjqigztqSSLcFbPHmZNM+q3kXVuz+v1K7zOopwBMdwCh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxHC06+cwh/4Hz+AL3akPc=</latexit>

M <latexit sha1_base64="Uj6nJ3AsEVHd4YV8iSLkuEEseJM=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EcRSEGZ32qzW37s5AlolXkBoUaParX71BzNKIK2SSGtP13AT9jGoUTPJppZcanlA2pkPetVTRiBs/myWekhOrDEgYa/sUkpn6eyOjkTGTKLCTeUKz6OXif143xfDKz4RKUuSKzT8KU0kwJvn5ZCA0ZygnllCmhc1K2IhqytCWVLEleIsnL5P2Wd27qHt357XGdVFHGY7gGE7Bg0towC00oQUMFDzDK7w5xnlx3p2P+WjJKXYO4Q+czx/cPpEL</latexit>a
<latexit sha1_base64="sZ49ajG7bco8ZWSalhiKsP33yl4=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiIC4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4WV1bX1jeJmaWt7Z3evvH/Q1FGiGDZYJCLV9qlGwSU2DDcC27FCGvoCW/74JvNbT6g0j+SDmcTYC+lQ8oAzaqz02A2pGflBejvtlytu1Z2BLBMvJxXIUe+Xv7qDiCUhSsME1brjubHppVQZzgROS91EY0zZmA6xY6mkIepeOks8JSdWGZAgUvZJQ2bq742UhlpPQt9OZgn1opeJ/3mdxARXvZTLODEo2fyjIBHERCQ7nwy4QmbExBLKFLdZCRtRRZmxJZVsCd7iycukeVb1Lqre/Xmldp3XUYQjOIZT8OASanAHdWgAAwnP8ApvjnZenHfnYz5acPKdQ/gD5/MHszeQ8A==</latexit>

F
<latexit sha1_base64="l2Ugl02wXDnbzBSKXsioGAyh6Dw=">AAACD3icbVDLSgMxFL1TX7W+Rl26CRbFjWVGRN0IRUHcCBXsA9qxZNJMG5p5kGSEMswfuPFX3LhQxK1bd/6NmT5AWw8Ezj3nXnLvcSPOpLKsbyM3N7+wuJRfLqysrq1vmJtbNRnGgtAqCXkoGi6WlLOAVhVTnDYiQbHvclp3+5eZX3+gQrIwuFODiDo+7gbMYwQrLbXN/ZaPVc/1EpyiczQpbtL75NBOJ+VV2jaLVskaAs0Se0yKMEalbX61OiGJfRoowrGUTduKlJNgoRjhNC20YkkjTPq4S5uaBtin0kmG96RoTysd5IVCv0Chofp7IsG+lAPf1Z3ZhnLay8T/vGasvDMnYUEUKxqQ0UdezJEKURYO6jBBieIDTTARTO+KSA8LTJSOsKBDsKdPniW1o5J9UrJvj4vli3EcediBXTgAG06hDNdQgSoQeIRneIU348l4Md6Nj1FrzhjPbMMfGJ8//aucpA==</latexit>

a = M�1F

<latexit sha1_base64="5etlQgqY64WGu+17OmqAUVi3uDo=">AAAB+nicbVDLSgMxFM34rPU11aWbYBEqSJkRUTdC0Y3LCvYB7VAyaaYNzWSG5I7Sjv0UNy4UceuXuPNvTNtZaOuBC4dz7k3uPX4suAbH+baWlldW19ZzG/nNre2dXbuwV9dRoiir0UhEqukTzQSXrAYcBGvGipHQF6zhD24mfuOBKc0jeQ/DmHkh6UkecErASB270O5GkI7G+AoHpdFJcow7dtEpO1PgReJmpIgyVDv2l3mDJiGTQAXRuuU6MXgpUcCpYON8O9EsJnRAeqxlqCQh0146XX2Mj4zSxUGkTEnAU/X3REpCrYehbzpDAn09703E/7xWAsGll3IZJ8AknX0UJAJDhCc54C5XjIIYGkKo4mZXTPtEEQomrbwJwZ0/eZHUT8vuedm9OytWrrM4cugAHaISctEFqqBbVEU1RNEjekav6M16sl6sd+tj1rpkZTP76A+szx+IMpLf</latexit>

ż = f(z, u)
<latexit sha1_base64="zqBZPsCuMyo5Ic9hyNyOLEIEggQ=">AAACLHicbZBLSwMxEMezPmt9rXr0EiyCp7JbRL0IxV48VugLtuuSTdM2NPsgmRVr6Qfy4lcRxINFvPo5zLaraOtAhh///0ySGT8WXIFlTYyl5ZXVtfXcRn5za3tn19zbb6gokZTVaSQi2fKJYoKHrA4cBGvFkpHAF6zpDyqp37xjUvEorMEwZm5AeiHvckpAS55ZecCX2Gnje8/GaS7p3IY+A5JCJ4LMybD0jT817m3NMwtW0ZoGXgQ7gwLKouqZL/oOmgQsBCqIUo5txeCOiAROBRvn24liMaED0mOOxpAETLmj6bBjfKyVDu5GUp8Q8FT93TEigVLDwNeVAYG+mvdS8T/PSaB74Y54GCfAQjp7qJsIDBFON4c7XDIKYqiBUMn1XzHtE0ko6P3m9RLs+ZEXoVEq2mdF++a0UL7K1pFDh+gInSAbnaMyukZVVEcUPaJn9IYmxpPxarwbH7PSJSPrOUB/wvj8AnIupCM=</latexit>

z = [ x1 x2 ✓ ẋ1 ẋ2 ✓̇ ]T
<latexit sha1_base64="LLIhNCty/P7nY1UjVN+9OCxP604=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWwVVJiqgboSiIywp9CGkMk+mkHTp5MDMRSujGX3HjQhG3foY7/8ZJm4W2HpjL4Zx7uXOPn3AmlWV9G6Wl5ZXVtfJ6ZWNza3vH3N3ryDgVhLZJzGNx72NJOYtoWzHF6X0iKA59Trv+6Dr3u49USBZHLTVOqBviQcQCRrDSkmcepAhdIqeHbjwb5bWuq/vQ8syqVbOmQIvELkgVCjQ986vXj0ka0kgRjqV0bCtRboaFYoTTSaWXSppgMsID6mga4ZBKN5seMEHHWumjIBb6RQpN1d8TGQ6lHIe+7gyxGsp5Lxf/85xUBRduxqIkVTQis0VBypGKUZ4G6jNBieJjTTARTP8VkSEWmCidWUWHYM+fvEg69Zp9VrPvTquNqyKOMhzCEZyADefQgFtoQhsITOAZXuHNeDJejHfjY9ZaMoqZffgD4/MH+jSTdA==</latexit>

u = [ F1 F2 ]T

0

<latexit sha1_base64="dDHmhDxI9jZj3R0SEpDljDCN5pU=">AAACEHicbVDLSsNAFL3xWeMr6tLNYBFdlUREXRbduKxgH9CEMplO2qGTBzMToYZ8ght/xY0LRdy6dOffOGkDauuBgcM599659/gJZ1LZ9pexsLi0vLJaWTPXNza3tq2d3ZaMU0Fok8Q8Fh0fS8pZRJuKKU47iaA49Dlt+6Orwm/fUSFZHN2qcUK9EA8iFjCClZZ61pHpBgKTzE2wUAxz5IZYDf0gw3n+I97nPatq1+wJ0DxxSlKFEo2e9en2Y5KGNFKEYym7jp0oLysGEk5z000lTTAZ4QHtahrhkEovmxyUo0Ot9FEQC/0ihSbq744Mh1KOQ19XFuvKWa8Q//O6qQouvIxFSapoRKYfBSlHKkZFOqjPBCWKjzXBRDC9KyJDrANSOkNTh+DMnjxPWic156zm3JxW65dlHBXYhwM4BgfOoQ7X0IAmEHiAJ3iBV+PReDbejPdp6YJR9uzBHxgf358enZw=</latexit>

@a

@z

<latexit sha1_base64="KJk6aJ9rfd/3nEin2NF3JYzxG1o=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlQQ7ZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fANBxZoI</latexit>

@f

@z
=

<latexit sha1_base64="KJk6aJ9rfd/3nEin2NF3JYzxG1o=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlQQ7ZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fANBxZoI</latexit>

@f

@z
=

<latexit sha1_base64="UX1ybrGrZQ3db8woEaaNm0pOmhI="></latexit>h
@M�1

@x1
F @M�1

@x2
F @M�1

@✓ F @M�1

@ẋ1
F @M�1

@ẋ2
F @M�1

@✓̇
F
i <latexit sha1_base64="jijpeZATy40tUxVgFFeLnX1LoJ4=">AAACIHicbVDLSsNAFJ34rPUVdelmsAiCWBIR67IoiBuhgn1AE8tkOmmHTiZhZiLUkE9x46+4caGI7vRrnLQRtfXAwOGce+/ce7yIUaks68OYmZ2bX1gsLBWXV1bX1s2NzYYMY4FJHYcsFC0PScIoJ3VFFSOtSBAUeIw0vcFZ5jdviZA05NdqGBE3QD1OfYqR0lLHrOw7AVJ9z08u05vkwE6h4wuEEydCQlHE4Ld9nqY/4l3aMUtW2RoBThM7JyWQo9Yx351uiOOAcIUZkrJtW5Fyk2wgZiQtOrEkEcID1CNtTTkKiHST0YEp3NVKF/qh0I8rOFJ/dyQokHIYeLoyW1dOepn4n9eOlX/iJpRHsSIcjz/yYwZVCLO0YJcKghUbaoKwoHpXiPtIB6R0pkUdgj158jRpHJbt47J9dVSqnuZxFMA22AF7wAYVUAUXoAbqAIN78AiewYvxYDwZr8bbuHTGyHu2wB8Yn18G/aQp</latexit>

+M�1 @F

@z
<latexit sha1_base64="oqOk7uhoQ0zBDCl4w3dwcE2Z2FA="></latexit>

�
h
M�1 @M

@x1
M�1F M�1 @M

@x2
M�1F M�1 @M

@✓ M�1F M�1 @M
@ẋ1

M�1F M�1 @M
@ẋ2

M�1F M�1 @M
@✓̇

M�1F
i <latexit sha1_base64="jijpeZATy40tUxVgFFeLnX1LoJ4=">AAACIHicbVDLSsNAFJ34rPUVdelmsAiCWBIR67IoiBuhgn1AE8tkOmmHTiZhZiLUkE9x46+4caGI7vRrnLQRtfXAwOGce+/ce7yIUaks68OYmZ2bX1gsLBWXV1bX1s2NzYYMY4FJHYcsFC0PScIoJ3VFFSOtSBAUeIw0vcFZ5jdviZA05NdqGBE3QD1OfYqR0lLHrOw7AVJ9z08u05vkwE6h4wuEEydCQlHE4Ld9nqY/4l3aMUtW2RoBThM7JyWQo9Yx351uiOOAcIUZkrJtW5Fyk2wgZiQtOrEkEcID1CNtTTkKiHST0YEp3NVKF/qh0I8rOFJ/dyQokHIYeLoyW1dOepn4n9eOlX/iJpRHsSIcjz/yYwZVCLO0YJcKghUbaoKwoHpXiPtIB6R0pkUdgj158jRpHJbt47J9dVSqnuZxFMA22AF7wAYVUAUXoAbqAIN78AiewYvxYDwZr8bbuHTGyHu2wB8Yn18G/aQp</latexit>

+M�1 @F

@z

0 0 0 0

Linearization:

<latexit sha1_base64="0UvdONimD/3SMd4Dk7RFyBmNMkg=">AAACLnicbVDLSsNAFJ34rPVVdelmsAiuSiKiLosiuKxgq9CUMJnctIOTSZi5EUvwi9z4K7oQVMStn+H04dsDA+eeew9z7wkzKQy67qMzMTk1PTNbmivPLywuLVdWVlsmzTWHJk9lqs9DZkAKBU0UKOE808CSUMJZeHE46J9dgjYiVafYz6CTsK4SseAMrRRUjvwQukIVYcJQi6vrsh9FKdKrwKO+Tz+K7a/Cxx4go2UfVPTpCipVt+YOQf8Sb0yqZIxGULn3o5TnCSjkkhnT9twMOwXTKLgEu0VuIGP8gnWhbaliCZhOMTz3mm5aJaJxqu1TSIfqd0fBEmP6SWgn7X4987s3EP/rtXOM9zuFUFmOoPjooziXFFM6yI5GQgNH2beEcS3srpT3mGYcbcJlG4L3++S/pLVd83Zr3slOtX4wjqNE1skG2SIe2SN1ckwapEk4uSF35Ik8O7fOg/PivI5GJ5yxZ438gPP2Dqn+qFE=</latexit>2

4
ẍ1

ẍ2

✓̈

3

5

<latexit sha1_base64="69S4UoU2OTRz9Z/TU262jzltLME="></latexit>2

4
m1 0 0
0 (m2 +m3) m3` cos ✓
0 m3` cos ✓ m3`2

3

5
<latexit sha1_base64="fktkf7e37s5ZsJjxRobER+EnYsg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHq5Jr1xxq+4MZJl4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbphJxYpU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+jbpc4XMiLEllClubyVsSBVlxoZTsiF4iy8vk+ZZ1buoevfnldpNHkcRjuAYTsGDS6jBHdShAQxCeIZXeHNGzovz7nzMWwtOPnMIf+B8/gDkZozx</latexit>=

<latexit sha1_base64="7t/C1Pm+Z1nhhA3ES7Hh8R/jA64="></latexit>2

4
F1 � k1x1 � d1ẋ1 + k2(x2 � x1) + d2(ẋ2 � ẋ1)
F2 +m3✓̇2` sin ✓ � k2(x2 � x1)� d2(ẋ2 � ẋ1)

�mg` sin ✓

3

5
<latexit sha1_base64="3SvQCNdmVfTWYmKNa+pp7/Iolzw=">AAACAHicbVA9SwNBEN2LXzF+RS0sbBaDYGO4U1HLoI1lBPMBuSPsbSbJkr29Y3dOCEca/4qNhSK2/gw7/42bj0ITHww83pthZl6YSGHQdb+d3NLyyupafr2wsbm1vVPc3aubONUcajyWsW6GzIAUCmooUEIz0cCiUEIjHNyO/cYjaCNi9YDDBIKI9ZToCs7QSu3iwWnUPqc96oOU1DdCUR/7gKxdLLlldwK6SLwZKZEZqu3il9+JeRqBQi6ZMS3PTTDImEbBJYwKfmogYXzAetCyVLEITJBNHhjRY6t0aDfWthTSifp7ImORMcMotJ0Rw76Z98bif14rxe51kAmVpAiKTxd1U0kxpuM0aEdo4CiHljCuhb2V8j7TjKPNrGBD8OZfXiT1s7J3WfbuL0qVm1kceXJIjsgJ8cgVqZA7UiU1wsmIPJNX8uY8OS/Ou/Mxbc05s5l98gfO5w/tBZVb</latexit>

�m3g` sin ✓



Example: Two Blocks + Pendulum Free Body Diagrams

Block 1

Kinematics

Dynamics:

<latexit sha1_base64="Jl6U/80Y4OCqS/GzNhOvULJrz64=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh3Hf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVa9W9e4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD5y42Z</latexit>

k1
<latexit sha1_base64="rTF8T6tLw0pLZekIMTPHaz3r8sM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK1hbaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjLdYIhPdCajhUijeQoGSd1LNaRxI3g5GN1O//cS1EYl6wHHK/ZgOlIgEo2il+7Dv9as1t+7OQJaJV5AaFGj2q1+9MGFZzBUySY3pem6Kfk41Cib5pNLLDE8pG9EB71qqaMyNn89OnZATq4QkSrQthWSm/p7IaWzMOA5sZ0xxaBa9qfif180wuvJzodIMuWLzRVEmCSZk+jcJheYM5dgSyrSwtxI2pJoytOlUbAje4svL5PGs7l3UvbvzWuO6iKMMR3AMp+DBJTTgFprQAgYDeIZXeHOk8+K8Ox/z1pJTzBzCHzifP+8hjZI=</latexit>

d1

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="Pq8Y5lpI1WrAkKy2RY8QNCh0YLU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPBbY10</latexit>

F1

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="4UzQl73GG4I16IwPQBbBI2jdw7Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyqqMegF48RzQOSJcxOZpMh81hmZoWw5BO8eFDEq1/kzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTv3WE9WGKfloxwkNBR5IFjOCrZMeRO+8V674VX8GtEyCnFQgR71X/ur2FUkFlZZwbEwn8BMbZlhbRjidlLqpoQkmIzygHUclFtSE2ezUCTpxSh/FSruSFs3U3xMZFsaMReQ6BbZDs+hNxf+8Tmrj6zBjMkktlWS+KE45sgpN/0Z9pimxfOwIJpq5WxEZYo2JdemUXAjB4svLpHlWDS6rwf1FpXaTx1GEIziGUwjgCmpwB3VoAIEBPMMrvHnce/HevY95a8HLZw7hD7zPH//fjZ0=</latexit>m3

<latexit sha1_base64="Sv8BT+dsvuVxy/R+C35hx8Sczh0=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKe5KUC9C0IvHCOYB2TXMTnqTIbMPZnqVsOQ/vHhQxKv/4s2/cZLsQaMFDUVVN91dfiKFRtv+sgpLyyura8X10sbm1vZOeXevpeNUcWjyWMaq4zMNUkTQRIESOokCFvoS2v7oeuq3H0BpEUd3OE7AC9kgEoHgDI107+IQkNFL6ibipNYrV+yqPQP9S5ycVEiORq/86fZjnoYQIZdM665jJ+hlTKHgEiYlN9WQMD5iA+gaGrEQtJfNrp7QI6P0aRArUxHSmfpzImOh1uPQN50hw6Fe9Kbif143xeDCy0SUpAgRny8KUkkxptMIaF8o4CjHhjCuhLmV8iFTjKMJqmRCcBZf/ktap1XnrOrc1ir1qzyOIjkgh+SYOOSc1MkNaZAm4USRJ/JCXq1H69l6s97nrQUrn9knv2B9fAMP9ZGT</latexit>

✓ = ⇡/4

<latexit sha1_base64="OtFut2t1oeeBbCZBcPqXrEbV6x4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6p7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA9ejkE=</latexit>

`
<latexit sha1_base64="Xh4Xc41jus8oyAFvcAsLe257fk4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDv1W09MG67kgx0nLIjJQPKIU2Kd1Byga4T9XrniV/0Z0DLBOalAjnqv/NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ+jEKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gkgsBL768TJpnVXxRxffnldpNHkcRjuAYTgHDJdTgDurQAAqP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwDbNo4B</latexit>

g = 10

<latexit sha1_base64="MeeW59RNc5n/WcyFwX2ZwPWPS9A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MO7X+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH7T42a</latexit>

k2
<latexit sha1_base64="WVTk2Sa48NbWsCa+TxUceyC/rvA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWw2m3bpZhN2J0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTjDdZIhPdCajhUijeRIGSd1LNaRxI3g5GtzO//cS1EYl6xHHK/ZgOlIgEo2ilh7Bf65crbtWdg6wSLycVyNHol796YcKymCtkkhrT9dwU/QnVKJjk01IvMzylbEQHvGupojE3/mR+6pScWSUkUaJtKSRz9ffEhMbGjOPAdsYUh2bZm4n/ed0Mo2t/IlSaIVdssSjKJMGEzP4modCcoRxbQpkW9lbChlRThjadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwDO8wpsjnRfn3flYtBacfOYY/sD5/AHwpY2T</latexit>

d2

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="l5q9WZht3sUz+jWYFI33L+hwNxs=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD7Jf65crXtWbA68SPycVyNHol796g5imkilLBTGm63uJDTKiLaeCTUu91LCE0DEZsq6jikhmgmx+6hSfOWWAo1i7UhbP1d8TGZHGTGToOiWxI7PszcT/vG5qo+sg4ypJLVN0sShKBbYxnv2NB1wzasXEEUI1d7diOiKaUOvSKbkQ/OWXV0mrVvUvq/79RaV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwD+W42c</latexit>m2

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="Sv8BT+dsvuVxy/R+C35hx8Sczh0=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKe5KUC9C0IvHCOYB2TXMTnqTIbMPZnqVsOQ/vHhQxKv/4s2/cZLsQaMFDUVVN91dfiKFRtv+sgpLyyura8X10sbm1vZOeXevpeNUcWjyWMaq4zMNUkTQRIESOokCFvoS2v7oeuq3H0BpEUd3OE7AC9kgEoHgDI107+IQkNFL6ibipNYrV+yqPQP9S5ycVEiORq/86fZjnoYQIZdM665jJ+hlTKHgEiYlN9WQMD5iA+gaGrEQtJfNrp7QI6P0aRArUxHSmfpzImOh1uPQN50hw6Fe9Kbif143xeDCy0SUpAgRny8KUkkxptMIaF8o4CjHhjCuhLmV8iFTjKMJqmRCcBZf/ktap1XnrOrc1ir1qzyOIjkgh+SYOOSc1MkNaZAm4USRJ/JCXq1H69l6s97nrQUrn9knv2B9fAMP9ZGT</latexit>

✓ = ⇡/4

<latexit sha1_base64="OtFut2t1oeeBbCZBcPqXrEbV6x4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6p7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA9ejkE=</latexit>

`

<latexit sha1_base64="VR+ZOchMFpo5vD/og6TLjqdqvjw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh9te0itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMg+I2z</latexit>

Fp

<latexit sha1_base64="gg+Bkn7RnYX4BoCQllMUcLQ+tYg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btbhJ2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4bua3n1BpHkcPZpKgL+kw4iFn1FipIfvlilt15yCrxMtJBXLU++Wv3iBmqcTIMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtjahE7WfzQ6fkzCoDEsbKVmTIXP09kVGp9UQGtlNSM9LL3kz8z+umJrzxMx4lqcGILRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB14WM9w==</latexit>m

<latexit sha1_base64="Xh4Xc41jus8oyAFvcAsLe257fk4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDv1W09MG67kgx0nLIjJQPKIU2Kd1Byga4T9XrniV/0Z0DLBOalAjnqv/NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ+jEKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gkgsBL768TJpnVXxRxffnldpNHkcRjuAYTgHDJdTgDurQAAqP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwDbNo4B</latexit>

g = 10

<latexit sha1_base64="Pq8Y5lpI1WrAkKy2RY8QNCh0YLU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPBbY10</latexit>

F1<latexit sha1_base64="skeX6jq2/J2zA/jYJKe14f0nR54=">AAACAXicbZDLSgMxFIbPeK31NupGcBMsggspMyLqsujGZQV7gXYYMmnahmYuJGfEMtSNr+LGhSJufQt3vo1pOwtt/SHw8Z9zkpw/SKTQ6Djf1sLi0vLKamGtuL6xubVt7+zWdZwqxmsslrFqBlRzKSJeQ4GSNxPFaRhI3ggG1+N6454rLeLoDocJ90Lai0RXMIrG8u39B989Ie1OjCSnHH275JSdicg8uDmUIFfVt7/MLSwNeYRMUq1brpOgl1GFgkk+KrZTzRPKBrTHWwYjGnLtZZMNRuTIOB3SjZU5EZKJ+3sio6HWwzAwnSHFvp6tjc3/aq0Uu5deJqIkRR6x6UPdVBKMyTgO0hGKM5RDA5QpYf5KWJ8qytCEVjQhuLMrz0P9tOyel93bs1LlKo+jAAdwCMfgwgVU4AaqUAMGj/AMr/BmPVkv1rv1MW1dsPKZPfgj6/MH2liVOw==</latexit>

x1, ẋ1, ẍ1

Block 2
<latexit sha1_base64="QTvPlFewujsBhR+uv1nPt/0Uqxg=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYBBdSZoqoy6IblxXsBdphyKSZNjSTGZIzYhnqxldx40IRt76FO9/GtJ2Ftv4Q+PjPOUnOHySCa3Ccb6uwtLyyulZcL21sbm3v2Lt7TR2nirIGjUWs2gHRTHDJGsBBsHaiGIkCwVrB8HpSb90zpXks72CUMC8ifclDTgkYy7cPHvzqKe72YsA55ejbZafiTIUXwc2hjHLVffvL3ELTiEmggmjdcZ0EvIwo4FSwcambapYQOiR91jEoScS0l003GONj4/RwGCtzJOCp+3siI5HWoygwnRGBgZ6vTcz/ap0Uwksv4zJJgUk6eyhMBYYYT+LAPa4YBTEyQKji5q+YDogiFExoJROCO7/yIjSrFfe84t6elWtXeRxFdIiO0Aly0QWqoRtURw1E0SN6Rq/ozXqyXqx362PWWrDymX30R9bnD98ElT4=</latexit>

x2, ẋ2, ẍ2

Pendulum

<latexit sha1_base64="s5EoyW8rmnT70NWAvY1F2lZZUiI=">AAACAXicbVDLSgNBEJz1GeNr1YvgZTAIXgy7IupFCHrxGME8ILsss5NOMmT2wUyvEEK8+CtePCji1b/w5t84SfagiQUNRVU33V1hKoVGx/m2FhaXlldWC2vF9Y3NrW17Z7euk0xxqPFEJqoZMg1SxFBDgRKaqQIWhRIaYf9m7DceQGmRxPc4SMGPWDcWHcEZGimw9wdBSq/oCfVASurxRFMPe4AssEtO2ZmAzhM3JyWSoxrYX1474VkEMXLJtG65Tor+kCkUXMKo6GUaUsb7rAstQ2MWgfaHkw9G9MgobdpJlKkY6UT9PTFkkdaDKDSdEcOenvXG4n9eK8POpT8UcZohxHy6qJNJigkdx0HbQgFHOTCEcSXMrZT3mGIcTWhFE4I7+/I8qZ+W3fOye3dWqlzncRTIATkkx8QlF6RCbkmV1Agnj+SZvJI368l6sd6tj2nrgpXP7JE/sD5/AHFQlZ8=</latexit>

yp = �` cos ✓
<latexit sha1_base64="Wo0SVK2iyMPOjg76nvQoGtXfINs=">AAACEnicbZDLSgMxFIYz9VbrrerSTbAIuikzIupGKLpxWcFeoFNKJj1tQzOZITkjlKHP4MZXceNCEbeu3Pk2ptMutPWHwMd/zkly/iCWwqDrfju5peWV1bX8emFjc2t7p7i7VzdRojnUeCQj3QyYASkU1FCghGasgYWBhEYwvJnUGw+gjYjUPY5iaIesr0RPcIbW6hRP/G6E6WjciekVzdjHASAbUx+kpL4Rik6dTrHklt1MdBG8GZTITNVO8cvex5MQFHLJjGl5boztlGkUXMK44CcGYsaHrA8ti4qFYNppttKYHlmnS3uRtkchzdzfEykLjRmFge0MGQ7MfG1i/ldrJdi7bKdCxQmC4tOHeomkGNFJPrQrNHCUIwuMa2H/SvmAacbRpliwIXjzKy9C/bTsnZe9u7NS5XoWR54ckENyTDxyQSrkllRJjXDySJ7JK3lznpwX5935mLbmnNnMPvkj5/MHLJOdyQ==</latexit>

ẏp = ✓̇` sin ✓
<latexit sha1_base64="vKSK0Z3oGqSiVA9FrqLFuepDuHc=">AAACNnicbVDLSgMxFM34rPVVdekmWARBKDMi6kYounEjVLAP6NSSSW/b0ExmSO4IZehXufE73HXjQhG3foJpO+DzQuDknHNvck8QS2HQdcfO3PzC4tJybiW/ura+sVnY2q6ZKNEcqjySkW4EzIAUCqooUEIj1sDCQEI9GFxO9Po9aCMidYvDGFoh6ynRFZyhpdqFa7/TiTAdjtoxPaezi499QDaiPkhJfSMUnTH00Bq+9LujzMEjkznahaJbcqdF/wIvA0WSVaVdeLITeRKCQi6ZMU3PjbGVMo2CSxjl/cRAzPiA9aBpoWIhmFY6XXtE9y3Tod1I26OQTtnvHSkLjRmGgXWGDPvmtzYh/9OaCXbPWqlQcYKg+OyhbiIpRnSSIe0IDRzl0ALGtbB/pbzPNONok87bELzfK/8FtaOSd1Lybo6L5YssjhzZJXvkgHjklJTJFamQKuHkgYzJC3l1Hp1n5815n1nnnKxnh/wo5+MT+WmsDQ==</latexit>

ÿp = ✓̈` sin ✓ + ✓̇2` cos ✓

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="/rZAd4lc2G6FCQIDhVAWkVLUlxw=">AAAB/3icbVDLSgMxFL1TX7W+RgU3boJFqAvLTBF1IxQFcVnBPqAdhkyaaUMzD5KMtIxd+CtuXCji1t9w59+YtrPQ6oF7OZxzL7k5XsyZVJb1ZeQWFpeWV/KrhbX1jc0tc3unIaNEEFonEY9Ey8OSchbSumKK01YsKA48Tpve4GriN++pkCwK79Qopk6AeyHzGcFKS665d+2mA7cyvtCtNHQr6BgNXfvINYtW2ZoC/SV2RoqQoeaan51uRJKAhopwLGXbtmLlpFgoRjgdFzqJpDEmA9yjbU1DHFDppNP7x+hQK13kR0JXqNBU/bmR4kDKUeDpyQCrvpz3JuJ/XjtR/rmTsjBOFA3J7CE/4UhFaBIG6jJBieIjTTARTN+KSB8LTJSOrKBDsOe//Jc0KmX7tGzfnhSrl1kcediHAyiBDWdQhRuoQR0IPMATvMCr8Wg8G2/G+2w0Z2Q7u/ALxsc3DJWULg==</latexit>

Fk2 = k2(x2 � x1)
<latexit sha1_base64="59P3Xqa0/IQN/2gVvk8rkEHi5SU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0y5JN0zY2myxJVixL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJYIb6/vfXmFldW19o7hZ2tre2d0r7x80jUo1ZQ2qhNLtiBgmuGQNy61g7UQzEkeCtaLRzdRvPTJtuJL3dpywICYDyfucEuuk5ijETyEOyxW/6s+AlgnOSQVy1MPyV7enaBozaakgxnSwn9ggI9pyKtik1E0NSwgdkQHrOCpJzEyQza6doBOn9FBfaVfSopn6eyIjsTHjOHKdMbFDs+hNxf+8Tmr7V0HGZZJaJul8UT8VyCo0fR31uGbUirEjhGrubkV0SDSh1gVUciHgxZeXSfOsii+q+O68UrvO4yjCERzDKWC4hBrcQh0aQOEBnuEV3jzlvXjv3se8teDlM4fwB97nD/0Hjr8=</latexit>

k1x1
<latexit sha1_base64="Z7gKJTPt9jmMOeI76gjFSuR0yCU=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqkxE1GXRjcsKthbaYchkMm1o5kFyRyylv+HGhSJu/Rl3/o1pOwttPRA4nHMP9+YEmZIGXffbKa2srq1vlDcrW9s7u3vV/YO2SXPNRYunKtWdgBmhZCJaKFGJTqYFiwMlHoLhzdR/eBTayDS5x1EmvJj1ExlJztBKvdCnpBemSJ586ldrbt2dgSwTWpAaFGj61S8b5XksEuSKGdOlbobemGmUXIlJpZcbkTE+ZH3RtTRhsTDeeHbzhJxYJSRRqu1LkMzU34kxi40ZxYGdjBkOzKI3Ff/zujlGV95YJlmOIuHzRVGuCKZkWgAJpRYc1cgSxrW0txI+YJpxtDVVbAl08cvLpH1Wpxd1endea1wXdZThCI7hFChcQgNuoQkt4JDBM7zCm5M7L8678zEfLTlF5hD+wPn8AbwxkNc=</latexit>

d1ẋ1
<latexit sha1_base64="3hEhl1tX+kNSTO8t0C8XHA5tNiY=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksQl1YkiLqsujGZQV7gTaEyWTSDp1cmJmIJRQ3voobF4q49Snc+TZO2yy09YeBj/+cw5nzewlnUlnWt1FYWl5ZXSuulzY2t7Z3zN29loxTQWiTxDwWHQ9LyllEm4opTjuJoDj0OG17w+tJvX1PhWRxdKdGCXVC3I9YwAhW2nLNA9+toUrPjxV60HSKcrRPXLNsVa2p0CLYOZQhV8M1v/QsSUMaKcKxlF3bSpSTYaEY4XRc6qWSJpgMcZ92NUY4pNLJpieM0bF2fBTEQr9Ioan7eyLDoZSj0NOdIVYDOV+bmP/VuqkKLp2MRUmqaERmi4KUIxWjSR7IZ4ISxUcaMBFM/xWRARaYKJ1aSYdgz5+8CK1a1T6v2rdn5fpVHkcRDuEIKmDDBdThBhrQBAKP8Ayv8GY8GS/Gu/Exay0Y+cw+/JHx+QO565UV</latexit>

d2(ẋ2 � ẋ1)

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="Sv8BT+dsvuVxy/R+C35hx8Sczh0=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKe5KUC9C0IvHCOYB2TXMTnqTIbMPZnqVsOQ/vHhQxKv/4s2/cZLsQaMFDUVVN91dfiKFRtv+sgpLyyura8X10sbm1vZOeXevpeNUcWjyWMaq4zMNUkTQRIESOokCFvoS2v7oeuq3H0BpEUd3OE7AC9kgEoHgDI107+IQkNFL6ibipNYrV+yqPQP9S5ycVEiORq/86fZjnoYQIZdM665jJ+hlTKHgEiYlN9WQMD5iA+gaGrEQtJfNrp7QI6P0aRArUxHSmfpzImOh1uPQN50hw6Fe9Kbif143xeDCy0SUpAgRny8KUkkxptMIaF8o4CjHhjCuhLmV8iFTjKMJqmRCcBZf/ktap1XnrOrc1ir1qzyOIjkgh+SYOOSc1MkNaZAm4USRJ/JCXq1H69l6s97nrQUrn9knv2B9fAMP9ZGT</latexit>

✓ = ⇡/4

<latexit sha1_base64="VR+ZOchMFpo5vD/og6TLjqdqvjw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh9te0itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMg+I2z</latexit>

Fp

<latexit sha1_base64="/rZAd4lc2G6FCQIDhVAWkVLUlxw=">AAAB/3icbVDLSgMxFL1TX7W+RgU3boJFqAvLTBF1IxQFcVnBPqAdhkyaaUMzD5KMtIxd+CtuXCji1t9w59+YtrPQ6oF7OZxzL7k5XsyZVJb1ZeQWFpeWV/KrhbX1jc0tc3unIaNEEFonEY9Ey8OSchbSumKK01YsKA48Tpve4GriN++pkCwK79Qopk6AeyHzGcFKS665d+2mA7cyvtCtNHQr6BgNXfvINYtW2ZoC/SV2RoqQoeaan51uRJKAhopwLGXbtmLlpFgoRjgdFzqJpDEmA9yjbU1DHFDppNP7x+hQK13kR0JXqNBU/bmR4kDKUeDpyQCrvpz3JuJ/XjtR/rmTsjBOFA3J7CE/4UhFaBIG6jJBieIjTTARTN+KSB8LTJSOrKBDsOe//Jc0KmX7tGzfnhSrl1kcediHAyiBDWdQhRuoQR0IPMATvMCr8Wg8G2/G+2w0Z2Q7u/ALxsc3DJWULg==</latexit>

Fk2 = k2(x2 � x1)

<latexit sha1_base64="3hEhl1tX+kNSTO8t0C8XHA5tNiY=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksQl1YkiLqsujGZQV7gTaEyWTSDp1cmJmIJRQ3voobF4q49Snc+TZO2yy09YeBj/+cw5nzewlnUlnWt1FYWl5ZXSuulzY2t7Z3zN29loxTQWiTxDwWHQ9LyllEm4opTjuJoDj0OG17w+tJvX1PhWRxdKdGCXVC3I9YwAhW2nLNA9+toUrPjxV60HSKcrRPXLNsVa2p0CLYOZQhV8M1v/QsSUMaKcKxlF3bSpSTYaEY4XRc6qWSJpgMcZ92NUY4pNLJpieM0bF2fBTEQr9Ioan7eyLDoZSj0NOdIVYDOV+bmP/VuqkKLp2MRUmqaERmi4KUIxWjSR7IZ4ISxUcaMBFM/xWRARaYKJ1aSYdgz5+8CK1a1T6v2rdn5fpVHkcRDuEIKmDDBdThBhrQBAKP8Ayv8GY8GS/Gu/Exay0Y+cw+/JHx+QO565UV</latexit>

d2(ẋ2 � ẋ1)

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="s9YKeFST7Eb7NgdZIhziouS+atM=">AAACBXicbVDLSgNBEJyNrxhfUY96GAyCIITdIOpFCHrxGME8IBuW2UnHDJmdXWZ6JSHk4sVf8eJBEa/+gzf/xsnjoMaChqKqm+6uMJHCoOt+OZmFxaXllexqbm19Y3Mrv71TM3GqOVR5LGPdCJkBKRRUUaCERqKBRaGEeti7Gvv1e9BGxOoWBwm0InanREdwhlYK8vv9IKEXtB+U6DH1QUrqG6Goj11AFuQLbtGdgM4Tb0YKZIZKkP/02zFPI1DIJTOm6bkJtoZMo+ASRjk/NZAw3mN30LRUsQhMazj5YkQPrdKmnVjbUkgn6s+JIYuMGUSh7YwYds1fbyz+5zVT7Jy3hkIlKYLi00WdVFKM6TgS2hYaOMqBJYxrYW+lvMs042iDy9kQvL8vz5NaqeidFr2bk0L5chZHluyRA3JEPHJGyuSaVEiVcPJAnsgLeXUenWfnzXmftmac2cwu+QXn4xvpuJby</latexit>

xp = x2 + ` sin ✓
<latexit sha1_base64="70/M1tpzTnvpUZRkyCkG4+G9vR8=">AAACG3icbZDLSgMxFIYz9VbrbdSlm2ARBKHMFFE3QtGNywr2Ap2hZNLTNjRzITkjltL3cOOruHGhiCvBhW9j2s5CW38IfPznnCTnDxIpNDrOt5VbWl5ZXcuvFzY2t7Z37N29uo5TxaHGYxmrZsA0SBFBDQVKaCYKWBhIaASD60m9cQ9Kizi6w2ECfsh6kegKztBYbbvsdWKkD+2EXtIMy/Rkhh72ARn1QErq8VhnRtsuOiVnKroIbgZFkqnatj/NdTwNIUIumdYt10nQHzGFgksYF7xUQ8L4gPWgZTBiIWh/NN1tTI+M06HdWJkTIZ26vydGLNR6GAamM2TY1/O1iflfrZVi98IfiShJESI+e6ibSooxnQRFO0IBRzk0wLgS5q+U95liHE2cBROCO7/yItTLJfes5N6eFitXWRx5ckAOyTFxyTmpkBtSJTXCySN5Jq/kzXqyXqx362PWmrOymX3yR9bXDyAan6Q=</latexit>

ẋp = ẋ2 + ✓̇` cos ✓
<latexit sha1_base64="Zmprx9N0Eaj+QweIFWY8t9NELaI=">AAACP3icbZBNSwMxEIazftb6VfXoJVgEQSy7RdSLIHrxWMFWobsu2XRqg9nsksyKpfjPvPgXvHn14kERr95M6yraOhB4eN+ZJPNGqRQGXffRGRufmJyaLswUZ+fmFxZLS8sNk2SaQ50nMtHnETMghYI6CpRwnmpgcSThLLo66vtn16CNSNQpdlMIYnapRFtwhlYKSw2/1UqQ3oQp3affXKWbOfvYAWTUBympzxPzLWxZ/8e+qOYNRqhcCktlt+IOio6Cl0OZ5FULSw/2Qp7FoJBLZkzTc1MMekyj4BJui35mIGX8il1C06JiMZigN9j/lq5bpUXbibZHIR2ovyd6LDamG0e2M2bYMcNeX/zPa2bY3gt6QqUZguJfD7UzSTGh/TBpS2jgKLsWGNfC/pXyDtOMo428aEPwhlcehUa14u1UvJPt8sFhHkeBrJI1skE8sksOyDGpkTrh5I48kRfy6tw7z86b8/7VOubkMyvkTzkfn3rarXs=</latexit>

ẍp = ẍ2 + ✓̈` cos ✓ � ✓̇2` sin ✓

<latexit sha1_base64="0UvdONimD/3SMd4Dk7RFyBmNMkg=">AAACLnicbVDLSsNAFJ34rPVVdelmsAiuSiKiLosiuKxgq9CUMJnctIOTSZi5EUvwi9z4K7oQVMStn+H04dsDA+eeew9z7wkzKQy67qMzMTk1PTNbmivPLywuLVdWVlsmzTWHJk9lqs9DZkAKBU0UKOE808CSUMJZeHE46J9dgjYiVafYz6CTsK4SseAMrRRUjvwQukIVYcJQi6vrsh9FKdKrwKO+Tz+K7a/Cxx4go2UfVPTpCipVt+YOQf8Sb0yqZIxGULn3o5TnCSjkkhnT9twMOwXTKLgEu0VuIGP8gnWhbaliCZhOMTz3mm5aJaJxqu1TSIfqd0fBEmP6SWgn7X4987s3EP/rtXOM9zuFUFmOoPjooziXFFM6yI5GQgNH2beEcS3srpT3mGYcbcJlG4L3++S/pLVd83Zr3slOtX4wjqNE1skG2SIe2SN1ckwapEk4uSF35Ik8O7fOg/PivI5GJ5yxZ438gPP2Dqn+qFE=</latexit>2

4
ẍ1

ẍ2

✓̈

3

5

<latexit sha1_base64="69S4UoU2OTRz9Z/TU262jzltLME="></latexit>2

4
m1 0 0
0 (m2 +m3) m3` cos ✓
0 m3` cos ✓ m3`2

3

5
<latexit sha1_base64="fktkf7e37s5ZsJjxRobER+EnYsg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHq5Jr1xxq+4MZJl4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbphJxYpU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+jbpc4XMiLEllClubyVsSBVlxoZTsiF4iy8vk+ZZ1buoevfnldpNHkcRjuAYTsGDS6jBHdShAQxCeIZXeHNGzovz7nzMWwtOPnMIf+B8/gDkZozx</latexit>=

<latexit sha1_base64="cD4k4KNzpmj/EC8Ge0xqniELPZI=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiGzdCBfvAtpRMeqcNzWSGJCOUoX/hxoUibv0bd/6NmXYW2nogcDjnXnLu8WPBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpKFMMGi0Sk2j7VKLjEhuFGYDtWSENfYMsf32R+6wmV5pF8MJMYeyEdSh5wRo2VHrshNSM/SO+m/XLFrbozkGXi5aQCOer98ld3ELEkRGmYoFp3PDc2vZQqw5nAaambaIwpG9MhdiyVNETdS2eJp+TEKgMSRMo+achM/b2R0lDrSejbySyhXvQy8T+vk5jgqpdyGScGJZt/FCSCmIhk55MBV8iMmFhCmeI2K2EjqigztqSSLcFbPHmZNM+q3kXVuz+v1K7zOopwBMdwCh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxHC06+cwh/4Hz+AL3akPc=</latexit>

M <latexit sha1_base64="Uj6nJ3AsEVHd4YV8iSLkuEEseJM=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EcRSEGZ32qzW37s5AlolXkBoUaParX71BzNKIK2SSGtP13AT9jGoUTPJppZcanlA2pkPetVTRiBs/myWekhOrDEgYa/sUkpn6eyOjkTGTKLCTeUKz6OXif143xfDKz4RKUuSKzT8KU0kwJvn5ZCA0ZygnllCmhc1K2IhqytCWVLEleIsnL5P2Wd27qHt357XGdVFHGY7gGE7Bg0towC00oQUMFDzDK7w5xnlx3p2P+WjJKXYO4Q+czx/cPpEL</latexit>a
<latexit sha1_base64="sZ49ajG7bco8ZWSalhiKsP33yl4=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiIC4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4WV1bX1jeJmaWt7Z3evvH/Q1FGiGDZYJCLV9qlGwSU2DDcC27FCGvoCW/74JvNbT6g0j+SDmcTYC+lQ8oAzaqz02A2pGflBejvtlytu1Z2BLBMvJxXIUe+Xv7qDiCUhSsME1brjubHppVQZzgROS91EY0zZmA6xY6mkIepeOks8JSdWGZAgUvZJQ2bq742UhlpPQt9OZgn1opeJ/3mdxARXvZTLODEo2fyjIBHERCQ7nwy4QmbExBLKFLdZCRtRRZmxJZVsCd7iycukeVb1Lqre/Xmldp3XUYQjOIZT8OASanAHdWgAAwnP8ApvjnZenHfnYz5acPKdQ/gD5/MHszeQ8A==</latexit>

F
<latexit sha1_base64="l2Ugl02wXDnbzBSKXsioGAyh6Dw=">AAACD3icbVDLSgMxFL1TX7W+Rl26CRbFjWVGRN0IRUHcCBXsA9qxZNJMG5p5kGSEMswfuPFX3LhQxK1bd/6NmT5AWw8Ezj3nXnLvcSPOpLKsbyM3N7+wuJRfLqysrq1vmJtbNRnGgtAqCXkoGi6WlLOAVhVTnDYiQbHvclp3+5eZX3+gQrIwuFODiDo+7gbMYwQrLbXN/ZaPVc/1EpyiczQpbtL75NBOJ+VV2jaLVskaAs0Se0yKMEalbX61OiGJfRoowrGUTduKlJNgoRjhNC20YkkjTPq4S5uaBtin0kmG96RoTysd5IVCv0Chofp7IsG+lAPf1Z3ZhnLay8T/vGasvDMnYUEUKxqQ0UdezJEKURYO6jBBieIDTTARTO+KSA8LTJSOsKBDsKdPniW1o5J9UrJvj4vli3EcediBXTgAG06hDNdQgSoQeIRneIU348l4Md6Nj1FrzhjPbMMfGJ8//aucpA==</latexit>

a = M�1F

<latexit sha1_base64="5etlQgqY64WGu+17OmqAUVi3uDo=">AAAB+nicbVDLSgMxFM34rPU11aWbYBEqSJkRUTdC0Y3LCvYB7VAyaaYNzWSG5I7Sjv0UNy4UceuXuPNvTNtZaOuBC4dz7k3uPX4suAbH+baWlldW19ZzG/nNre2dXbuwV9dRoiir0UhEqukTzQSXrAYcBGvGipHQF6zhD24mfuOBKc0jeQ/DmHkh6UkecErASB270O5GkI7G+AoHpdFJcow7dtEpO1PgReJmpIgyVDv2l3mDJiGTQAXRuuU6MXgpUcCpYON8O9EsJnRAeqxlqCQh0146XX2Mj4zSxUGkTEnAU/X3REpCrYehbzpDAn09703E/7xWAsGll3IZJ8AknX0UJAJDhCc54C5XjIIYGkKo4mZXTPtEEQomrbwJwZ0/eZHUT8vuedm9OytWrrM4cugAHaISctEFqqBbVEU1RNEjekav6M16sl6sd+tj1rpkZTP76A+szx+IMpLf</latexit>

ż = f(z, u)
<latexit sha1_base64="zqBZPsCuMyo5Ic9hyNyOLEIEggQ=">AAACLHicbZBLSwMxEMezPmt9rXr0EiyCp7JbRL0IxV48VugLtuuSTdM2NPsgmRVr6Qfy4lcRxINFvPo5zLaraOtAhh///0ySGT8WXIFlTYyl5ZXVtfXcRn5za3tn19zbb6gokZTVaSQi2fKJYoKHrA4cBGvFkpHAF6zpDyqp37xjUvEorMEwZm5AeiHvckpAS55ZecCX2Gnje8/GaS7p3IY+A5JCJ4LMybD0jT817m3NMwtW0ZoGXgQ7gwLKouqZL/oOmgQsBCqIUo5txeCOiAROBRvn24liMaED0mOOxpAETLmj6bBjfKyVDu5GUp8Q8FT93TEigVLDwNeVAYG+mvdS8T/PSaB74Y54GCfAQjp7qJsIDBFON4c7XDIKYqiBUMn1XzHtE0ko6P3m9RLs+ZEXoVEq2mdF++a0UL7K1pFDh+gInSAbnaMyukZVVEcUPaJn9IYmxpPxarwbH7PSJSPrOUB/wvj8AnIupCM=</latexit>

z = [ x1 x2 ✓ ẋ1 ẋ2 ✓̇ ]T
<latexit sha1_base64="LLIhNCty/P7nY1UjVN+9OCxP604=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWwVVJiqgboSiIywp9CGkMk+mkHTp5MDMRSujGX3HjQhG3foY7/8ZJm4W2HpjL4Zx7uXOPn3AmlWV9G6Wl5ZXVtfJ6ZWNza3vH3N3ryDgVhLZJzGNx72NJOYtoWzHF6X0iKA59Trv+6Dr3u49USBZHLTVOqBviQcQCRrDSkmcepAhdIqeHbjwb5bWuq/vQ8syqVbOmQIvELkgVCjQ986vXj0ka0kgRjqV0bCtRboaFYoTTSaWXSppgMsID6mga4ZBKN5seMEHHWumjIBb6RQpN1d8TGQ6lHIe+7gyxGsp5Lxf/85xUBRduxqIkVTQis0VBypGKUZ4G6jNBieJjTTARTP8VkSEWmCidWUWHYM+fvEg69Zp9VrPvTquNqyKOMhzCEZyADefQgFtoQhsITOAZXuHNeDJejHfjY9ZaMoqZffgD4/MH+jSTdA==</latexit>

u = [ F1 F2 ]T

Linearization:

<latexit sha1_base64="76amL2JspmCy2rLGs73VujnDtKE=">AAACCnicbZDLSsNAFIZPvNZ6q7p0M1oEVyURUTdC0Y3LCvYCTSiT6aQdOpmEmYlQQtZufBU3LhRx6xO4822ctAG19YeBj/+cMzPn92POlLbtL2thcWl5ZbW0Vl7f2NzaruzstlSUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj67zevueSsUicafHMfVCPBAsYARrY/UqB24gMUndGEvNMEdB9sNJhi5RuVep2jV7IjQPTgFVKNToVT7dfkSSkApNOFaq69ix9tL8UsJpVnYTRWNMRnhAuwYFDqny0skqGToyTh8FkTRHaDRxf0+kOFRqHPqmM8R6qGZruflfrZvo4MJLmYgTTQWZPhQkHOkI5bmgPpOUaD42gIlk5q+IDLHJRpv08hCc2ZXnoXVSc85qzu1ptX5VxFGCfTiEY3DgHOpwAw1oAoEHeIIXeLUerWfrzXqfti5Yxcwe/JH18Q16mJoX</latexit>

@f

@u
=

<latexit sha1_base64="RtKOTngD9rifF7k3Gj1cs03x1l0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ae0oWy2m3TpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvSKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuBdRwKRRvo0DJe6nmNA4k7waT27nffeTaiEQ94DTlfkwjJULBKFqpO2iKKPIrw2rNrbsLkL/EK0gNCrSG1c/BKGFZzBUySY3pe26Kfk41Cib5rDLIDE8pm9CI9y1VNObGzxfnzsiZVUYkTLQthWSh/pzIaWzMNA5sZ0xxbFa9ufif188wvPFzodIMuWLLRWEmCSZk/jsZCc0ZyqkllGlhbyVsTDVlaBOah+CtvvyXdC7q3lXdu7+sNZpFHGU4gVM4Bw+uoQF30II2MJjAE7zAq5M6z86b875sLTnFzDH8gvPxDXppjwI=</latexit>#<latexit sha1_base64="OFT1QrjM7FBepu6eDXOWyf7v98g=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7AekoWy2m3TpZrPsboQS+iO8eFDEq7/Hm//GTZuDVh8MPN6bYWZeKDnTxnW/nMra+sbmVnW7trO7t39QPzzq6TRThHZJylM1CLGmnAnaNcxwOpCK4iTktB9Obwu//0iVZql4MDNJgwTHgkWMYGOl/rDN4tivjeoNt+kugP4SryQNKNEZ1T+H45RkCRWGcKy177nSBDlWhhFO57VhpqnEZIpj6lsqcEJ1kC/OnaMzq4xRlCpbwqCF+nMix4nWsyS0nQk2E73qFeJ/np+Z6CbImZCZoYIsF0UZRyZFxe9ozBQlhs8swUQxeysiE6wwMTahIgRv9eW/pHfR9K6a3v1lo9Uu46jCCZzCOXhwDS24gw50gcAUnuAFXh3pPDtvzvuyteKUM8fwC87HN3dfjwA=</latexit>"
<latexit sha1_base64="vqy2hewhAwaT2yQgQB0Vf5jcR+o=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByl/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgOIwyb1YZVGte3ZvDXSV+QWpQoDmofvWHiqYxk0gFMabnewkGGdHIqWCzSj81LCF0QkasZ6kkMTNBNo88c8+sMnQjpe2T6M7V3xsZiY2ZxqGdzCOaZS8X//N6KUY3QcZlkiKTdPFRlAoXlZvf7w65ZhTF1BJCNbdZXTommlC0LeUl+Msnr5L2Rd2/qvsPl7XGbVFHGU7gFM7Bh2towD00oQUUFDzDK7w56Lw4787HYrTkFDvH8AfO5w/J3ZDu</latexit>

0
<latexit sha1_base64="aogRUODmXTC1yzc0egwjmfrd+3w=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF71VsLaQlrLZbtqlm03YfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bIJHCoOt+O6WV1bX1jfJmZWt7Z3evun/waOJUM95isYx1J6CGS6F4CwVK3kk0p1EgeTsY3+R++4lrI2L1gJOE9yI6VCIUjKKV/G5EcRSE2d200q/W3Lo7A1kmXkFqUKDZr351BzFLI66QSWqM77kJ9jKqUTDJp5VuanhC2ZgOuW+pohE3vWwWeUpOrDIgYaztU0hm6u+NjEbGTKLATuYRzaKXi/95forhVS8TKkmRKzb/KEwlwZjk95OB0JyhnFhCmRY2K2EjqilD21Jegrd48jJ5PKt7F3Xv/rzWuC7qKMMRHMMpeHAJDbiFJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kD7/ORBw==</latexit>

I
<latexit sha1_base64="qsDcRLoEFT+YK7MLPDZFOUmA5FM=">AAACCnicbZDLSsNAFIZP6q3WW9Slm9EiuCqJiLoRim5cVrAXaEKZTCft0MmFmYlQQ9ZufBU3LhRx6xO4822ctAG19YeBj/+cMzPn92LOpLKsL6O0sLi0vFJeraytb2xumds7LRklgtAmiXgkOh6WlLOQNhVTnHZiQXHgcdr2Rld5vX1HhWRReKvGMXUDPAiZzwhW2uqZ+44vMEmdGAvFMEd+9sP3GbpAlZ5ZtWrWRGge7AKqUKjRMz+dfkSSgIaKcCxl17Zi5ab5pYTTrOIkksaYjPCAdjWGOKDSTSerZOhQO33kR0KfUKGJ+3sixYGU48DTnQFWQzlby83/at1E+eduysI4UTQk04f8hCMVoTwX1GeCEsXHGjARTP8VkSHW2SidXh6CPbvyPLSOa/Zpzb45qdYvizjKsAcHcAQ2nEEdrqEBTSDwAE/wAq/Go/FsvBnv09aSUczswh8ZH9+CRZoc</latexit>

@f

@z
=

<latexit sha1_base64="ev1RuRqzk57eMZd1Y7Lj8nUwuko=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoioh6LXjxWsR/QhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+Nm7YHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj29xvPaHSPJaPZpygH9GB5CFn1Fjp4azUK1fcqjsFWSbenFRgjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHrphJxYpU/CWNmShkzV3xMZjbQeR4HtjKgZ6kUvF//zOqkJr/2MyyQ1KNlsUZgKYmKSv036XCEzYmwJZYrbWwkbUkWZseHkIXiLLy+T5nnVu6x69xeV2s08jiIcwTGcggdXUIM7qEMDGITwDK/w5oycF+fd+Zi1Fpz5zCH8gfP5A6e0jMk=</latexit>

+
<latexit sha1_base64="Vlopfzi1oY7yOKugZNl3d0G/Qvk=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIqMuiGzdCBfuANpbJdNIOnUzCzKRQQv7EjQtF3Pon7vwbJ20W2npg4HDOvdwzx485U9pxvq3Syura+kZ5s7K1vbO7Z+8ftFSUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj29zvz2hUrFIPOppTL0QDwULGMHaSH3b7oVYj/wgvc+e0jM3q/TtqlNzZkDLxC1IFQo0+vZXbxCRJKRCE46V6rpOrL0US80Ip1mllygaYzLGQ9o1VOCQKi+dJc/QiVEGKIikeUKjmfp7I8WhUtPQN5N5TrXo5eJ/XjfRwbWXMhEnmgoyPxQkHOkI5TWgAZOUaD41BBPJTFZERlhiok1ZeQnu4peXSeu85l7W3IeLav2mqKMMR3AMp+DCFdThDhrQBAITeIZXeLNS68V6tz7moyWr2DmEP7A+fwDVXpMi</latexit>

M�1
<latexit sha1_base64="w9lB2+tOBZqM5coYA45SpDAYhCg=">AAACJHicbVDLSsNAFJ3UV62vqEs3g0WoiCURUcFNURA3QgX7gCaWyXTSDp08mJkIbcjHuPFX3LjwgQs3fouTNvhoPTBwOPfcO/ceJ2RUSMP40HIzs3PzC/nFwtLyyuqavr5RF0HEManhgAW86SBBGPVJTVLJSDPkBHkOIw2nf57WG3eECxr4N3IQEttDXZ+6FCOppLZ+ugctD8me48ZXSWm4exvvm4nlcoRjK0RcUsS+DRdJ8iMOE9jWi0bZGAFOEzMjRZCh2tZfrU6AI4/4EjMkRMs0QmnH6UTMSFKwIkFChPuoS1qK+sgjwo5HRyZwRykd6AZcPV/Ckfq7I0aeEAPPUc50XzFZS8X/aq1Iuid2TP0wksTH44/ciEEZwDQx2KGcYMkGiiDMqdoV4h5SCUmVa0GFYE6ePE3qB2XzqGxeHxYrZ1kcebAFtkEJmOAYVMAlqIIawOAePIJn8KI9aE/am/Y+tua0rGcT/IH2+QVDQqU8</latexit>

+M(z)�1 @F

@z

<latexit sha1_base64="iZXv7C4szlGm+9zKIu0oaXN9+Cg="></latexit>⇥
0 0 �M�1 @M

@✓ M�1F 0 0 0
⇤

<latexit sha1_base64="RJDD+0qdSuHJlPc43ocYJQkRXew=">AAACH3icbVDLSsNAFL3xWesr6tLNYBHcWBKR6rIoiBuhgn1AE8tkOmmHTh7MTIQS8idu/BU3LhQRd/0bJ21FbT0wcDjn3jv3Hi/mTCrLGhkLi0vLK6uFteL6xubWtrmz25BRIgitk4hHouVhSTkLaV0xxWkrFhQHHqdNb3CZ+80HKiSLwjs1jKkb4F7IfEaw0lLHrDgBVn3PT2+y+/TYzpDjC0xSJ8ZCMczRt32VZT9iknXMklW2xkDzxJ6SEkxR65ifTjciSUBDRTiWsm1bsXLTfCDhNCs6iaQxJgPco21NQxxQ6abj+zJ0qJUu8iOhX6jQWP3dkeJAymHg6cp8XTnr5eJ/XjtR/rmbsjBOFA3J5CM/4UhFKA8LdZmgRPGhJpgIpndFpI91QEpHWtQh2LMnz5PGSdmulO3b01L1YhpHAfbhAI7AhjOowjXUoA4EHuEZXuHNeDJejHfjY1K6YEx79uAPjNEXj6qj7w==</latexit>

M�1 @F

@u

<latexit sha1_base64="7t/C1Pm+Z1nhhA3ES7Hh8R/jA64="></latexit>2

4
F1 � k1x1 � d1ẋ1 + k2(x2 � x1) + d2(ẋ2 � ẋ1)
F2 +m3✓̇2` sin ✓ � k2(x2 � x1)� d2(ẋ2 � ẋ1)

�mg` sin ✓

3

5
<latexit sha1_base64="3SvQCNdmVfTWYmKNa+pp7/Iolzw=">AAACAHicbVA9SwNBEN2LXzF+RS0sbBaDYGO4U1HLoI1lBPMBuSPsbSbJkr29Y3dOCEca/4qNhSK2/gw7/42bj0ITHww83pthZl6YSGHQdb+d3NLyyupafr2wsbm1vVPc3aubONUcajyWsW6GzIAUCmooUEIz0cCiUEIjHNyO/cYjaCNi9YDDBIKI9ZToCs7QSu3iwWnUPqc96oOU1DdCUR/7gKxdLLlldwK6SLwZKZEZqu3il9+JeRqBQi6ZMS3PTTDImEbBJYwKfmogYXzAetCyVLEITJBNHhjRY6t0aDfWthTSifp7ImORMcMotJ0Rw76Z98bif14rxe51kAmVpAiKTxd1U0kxpuM0aEdo4CiHljCuhb2V8j7TjKPNrGBD8OZfXiT1s7J3WfbuL0qVm1kceXJIjsgJ8cgVqZA7UiU1wsmIPJNX8uY8OS/Ou/Mxbc05s5l98gfO5w/tBZVb</latexit>

�m3g` sin ✓



Example: Two Blocks + Pendulum Free Body Diagrams

Block 1

Kinematics

Dynamics:

<latexit sha1_base64="Jl6U/80Y4OCqS/GzNhOvULJrz64=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh3Hf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVa9W9e4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD5y42Z</latexit>

k1
<latexit sha1_base64="rTF8T6tLw0pLZekIMTPHaz3r8sM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK1hbaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjLdYIhPdCajhUijeQoGSd1LNaRxI3g5GN1O//cS1EYl6wHHK/ZgOlIgEo2il+7Dv9as1t+7OQJaJV5AaFGj2q1+9MGFZzBUySY3pem6Kfk41Cib5pNLLDE8pG9EB71qqaMyNn89OnZATq4QkSrQthWSm/p7IaWzMOA5sZ0xxaBa9qfif180wuvJzodIMuWLzRVEmCSZk+jcJheYM5dgSyrSwtxI2pJoytOlUbAje4svL5PGs7l3UvbvzWuO6iKMMR3AMp+DBJTTgFprQAgYDeIZXeHOk8+K8Ox/z1pJTzBzCHzifP+8hjZI=</latexit>

d1

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="Pq8Y5lpI1WrAkKy2RY8QNCh0YLU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPBbY10</latexit>

F1

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="4UzQl73GG4I16IwPQBbBI2jdw7Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyqqMegF48RzQOSJcxOZpMh81hmZoWw5BO8eFDEq1/kzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTv3WE9WGKfloxwkNBR5IFjOCrZMeRO+8V674VX8GtEyCnFQgR71X/ur2FUkFlZZwbEwn8BMbZlhbRjidlLqpoQkmIzygHUclFtSE2ezUCTpxSh/FSruSFs3U3xMZFsaMReQ6BbZDs+hNxf+8Tmrj6zBjMkktlWS+KE45sgpN/0Z9pimxfOwIJpq5WxEZYo2JdemUXAjB4svLpHlWDS6rwf1FpXaTx1GEIziGUwjgCmpwB3VoAIEBPMMrvHnce/HevY95a8HLZw7hD7zPH//fjZ0=</latexit>m3

<latexit sha1_base64="Sv8BT+dsvuVxy/R+C35hx8Sczh0=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKe5KUC9C0IvHCOYB2TXMTnqTIbMPZnqVsOQ/vHhQxKv/4s2/cZLsQaMFDUVVN91dfiKFRtv+sgpLyyura8X10sbm1vZOeXevpeNUcWjyWMaq4zMNUkTQRIESOokCFvoS2v7oeuq3H0BpEUd3OE7AC9kgEoHgDI107+IQkNFL6ibipNYrV+yqPQP9S5ycVEiORq/86fZjnoYQIZdM665jJ+hlTKHgEiYlN9WQMD5iA+gaGrEQtJfNrp7QI6P0aRArUxHSmfpzImOh1uPQN50hw6Fe9Kbif143xeDCy0SUpAgRny8KUkkxptMIaF8o4CjHhjCuhLmV8iFTjKMJqmRCcBZf/ktap1XnrOrc1ir1qzyOIjkgh+SYOOSc1MkNaZAm4USRJ/JCXq1H69l6s97nrQUrn9knv2B9fAMP9ZGT</latexit>

✓ = ⇡/4

<latexit sha1_base64="OtFut2t1oeeBbCZBcPqXrEbV6x4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6p7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA9ejkE=</latexit>

`
<latexit sha1_base64="Xh4Xc41jus8oyAFvcAsLe257fk4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDv1W09MG67kgx0nLIjJQPKIU2Kd1Byga4T9XrniV/0Z0DLBOalAjnqv/NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ+jEKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gkgsBL768TJpnVXxRxffnldpNHkcRjuAYTgHDJdTgDurQAAqP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwDbNo4B</latexit>

g = 10

<latexit sha1_base64="MeeW59RNc5n/WcyFwX2ZwPWPS9A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MO7X+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH7T42a</latexit>

k2
<latexit sha1_base64="WVTk2Sa48NbWsCa+TxUceyC/rvA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWw2m3bpZhN2J0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTjDdZIhPdCajhUijeRIGSd1LNaRxI3g5GtzO//cS1EYl6xHHK/ZgOlIgEo2ilh7Bf65crbtWdg6wSLycVyNHol796YcKymCtkkhrT9dwU/QnVKJjk01IvMzylbEQHvGupojE3/mR+6pScWSUkUaJtKSRz9ffEhMbGjOPAdsYUh2bZm4n/ed0Mo2t/IlSaIVdssSjKJMGEzP4modCcoRxbQpkW9lbChlRThjadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwDO8wpsjnRfn3flYtBacfOYY/sD5/AHwpY2T</latexit>

d2

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="l5q9WZht3sUz+jWYFI33L+hwNxs=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD7Jf65crXtWbA68SPycVyNHol796g5imkilLBTGm63uJDTKiLaeCTUu91LCE0DEZsq6jikhmgmx+6hSfOWWAo1i7UhbP1d8TGZHGTGToOiWxI7PszcT/vG5qo+sg4ypJLVN0sShKBbYxnv2NB1wzasXEEUI1d7diOiKaUOvSKbkQ/OWXV0mrVvUvq/79RaV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwD+W42c</latexit>m2

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="Sv8BT+dsvuVxy/R+C35hx8Sczh0=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKe5KUC9C0IvHCOYB2TXMTnqTIbMPZnqVsOQ/vHhQxKv/4s2/cZLsQaMFDUVVN91dfiKFRtv+sgpLyyura8X10sbm1vZOeXevpeNUcWjyWMaq4zMNUkTQRIESOokCFvoS2v7oeuq3H0BpEUd3OE7AC9kgEoHgDI107+IQkNFL6ibipNYrV+yqPQP9S5ycVEiORq/86fZjnoYQIZdM665jJ+hlTKHgEiYlN9WQMD5iA+gaGrEQtJfNrp7QI6P0aRArUxHSmfpzImOh1uPQN50hw6Fe9Kbif143xeDCy0SUpAgRny8KUkkxptMIaF8o4CjHhjCuhLmV8iFTjKMJqmRCcBZf/ktap1XnrOrc1ir1qzyOIjkgh+SYOOSc1MkNaZAm4USRJ/JCXq1H69l6s97nrQUrn9knv2B9fAMP9ZGT</latexit>

✓ = ⇡/4

<latexit sha1_base64="OtFut2t1oeeBbCZBcPqXrEbV6x4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6p7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA9ejkE=</latexit>

`

<latexit sha1_base64="VR+ZOchMFpo5vD/og6TLjqdqvjw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh9te0itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMg+I2z</latexit>

Fp

<latexit sha1_base64="gg+Bkn7RnYX4BoCQllMUcLQ+tYg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btbhJ2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4bua3n1BpHkcPZpKgL+kw4iFn1FipIfvlilt15yCrxMtJBXLU++Wv3iBmqcTIMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtjahE7WfzQ6fkzCoDEsbKVmTIXP09kVGp9UQGtlNSM9LL3kz8z+umJrzxMx4lqcGILRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB14WM9w==</latexit>m

<latexit sha1_base64="Xh4Xc41jus8oyAFvcAsLe257fk4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDv1W09MG67kgx0nLIjJQPKIU2Kd1Byga4T9XrniV/0Z0DLBOalAjnqv/NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ+jEKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gkgsBL768TJpnVXxRxffnldpNHkcRjuAYTgHDJdTgDurQAAqP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwDbNo4B</latexit>

g = 10

<latexit sha1_base64="Pq8Y5lpI1WrAkKy2RY8QNCh0YLU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPBbY10</latexit>

F1<latexit sha1_base64="skeX6jq2/J2zA/jYJKe14f0nR54=">AAACAXicbZDLSgMxFIbPeK31NupGcBMsggspMyLqsujGZQV7gXYYMmnahmYuJGfEMtSNr+LGhSJufQt3vo1pOwtt/SHw8Z9zkpw/SKTQ6Djf1sLi0vLKamGtuL6xubVt7+zWdZwqxmsslrFqBlRzKSJeQ4GSNxPFaRhI3ggG1+N6454rLeLoDocJ90Lai0RXMIrG8u39B989Ie1OjCSnHH275JSdicg8uDmUIFfVt7/MLSwNeYRMUq1brpOgl1GFgkk+KrZTzRPKBrTHWwYjGnLtZZMNRuTIOB3SjZU5EZKJ+3sio6HWwzAwnSHFvp6tjc3/aq0Uu5deJqIkRR6x6UPdVBKMyTgO0hGKM5RDA5QpYf5KWJ8qytCEVjQhuLMrz0P9tOyel93bs1LlKo+jAAdwCMfgwgVU4AaqUAMGj/AMr/BmPVkv1rv1MW1dsPKZPfgj6/MH2liVOw==</latexit>

x1, ẋ1, ẍ1

Block 2
<latexit sha1_base64="QTvPlFewujsBhR+uv1nPt/0Uqxg=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYBBdSZoqoy6IblxXsBdphyKSZNjSTGZIzYhnqxldx40IRt76FO9/GtJ2Ftv4Q+PjPOUnOHySCa3Ccb6uwtLyyulZcL21sbm3v2Lt7TR2nirIGjUWs2gHRTHDJGsBBsHaiGIkCwVrB8HpSb90zpXks72CUMC8ifclDTgkYy7cPHvzqKe72YsA55ejbZafiTIUXwc2hjHLVffvL3ELTiEmggmjdcZ0EvIwo4FSwcambapYQOiR91jEoScS0l003GONj4/RwGCtzJOCp+3siI5HWoygwnRGBgZ6vTcz/ap0Uwksv4zJJgUk6eyhMBYYYT+LAPa4YBTEyQKji5q+YDogiFExoJROCO7/yIjSrFfe84t6elWtXeRxFdIiO0Aly0QWqoRtURw1E0SN6Rq/ozXqyXqx362PWWrDymX30R9bnD98ElT4=</latexit>

x2, ẋ2, ẍ2

Pendulum

<latexit sha1_base64="s5EoyW8rmnT70NWAvY1F2lZZUiI=">AAACAXicbVDLSgNBEJz1GeNr1YvgZTAIXgy7IupFCHrxGME8ILsss5NOMmT2wUyvEEK8+CtePCji1b/w5t84SfagiQUNRVU33V1hKoVGx/m2FhaXlldWC2vF9Y3NrW17Z7euk0xxqPFEJqoZMg1SxFBDgRKaqQIWhRIaYf9m7DceQGmRxPc4SMGPWDcWHcEZGimw9wdBSq/oCfVASurxRFMPe4AssEtO2ZmAzhM3JyWSoxrYX1474VkEMXLJtG65Tor+kCkUXMKo6GUaUsb7rAstQ2MWgfaHkw9G9MgobdpJlKkY6UT9PTFkkdaDKDSdEcOenvXG4n9eK8POpT8UcZohxHy6qJNJigkdx0HbQgFHOTCEcSXMrZT3mGIcTWhFE4I7+/I8qZ+W3fOye3dWqlzncRTIATkkx8QlF6RCbkmV1Agnj+SZvJI368l6sd6tj2nrgpXP7JE/sD5/AHFQlZ8=</latexit>

yp = �` cos ✓
<latexit sha1_base64="Wo0SVK2iyMPOjg76nvQoGtXfINs=">AAACEnicbZDLSgMxFIYz9VbrrerSTbAIuikzIupGKLpxWcFeoFNKJj1tQzOZITkjlKHP4MZXceNCEbeu3Pk2ptMutPWHwMd/zkly/iCWwqDrfju5peWV1bX8emFjc2t7p7i7VzdRojnUeCQj3QyYASkU1FCghGasgYWBhEYwvJnUGw+gjYjUPY5iaIesr0RPcIbW6hRP/G6E6WjciekVzdjHASAbUx+kpL4Rik6dTrHklt1MdBG8GZTITNVO8cvex5MQFHLJjGl5boztlGkUXMK44CcGYsaHrA8ti4qFYNppttKYHlmnS3uRtkchzdzfEykLjRmFge0MGQ7MfG1i/ldrJdi7bKdCxQmC4tOHeomkGNFJPrQrNHCUIwuMa2H/SvmAacbRpliwIXjzKy9C/bTsnZe9u7NS5XoWR54ckENyTDxyQSrkllRJjXDySJ7JK3lznpwX5935mLbmnNnMPvkj5/MHLJOdyQ==</latexit>

ẏp = ✓̇` sin ✓
<latexit sha1_base64="vKSK0Z3oGqSiVA9FrqLFuepDuHc=">AAACNnicbVDLSgMxFM34rPVVdekmWARBKDMi6kYounEjVLAP6NSSSW/b0ExmSO4IZehXufE73HXjQhG3foJpO+DzQuDknHNvck8QS2HQdcfO3PzC4tJybiW/ura+sVnY2q6ZKNEcqjySkW4EzIAUCqooUEIj1sDCQEI9GFxO9Po9aCMidYvDGFoh6ynRFZyhpdqFa7/TiTAdjtoxPaezi499QDaiPkhJfSMUnTH00Bq+9LujzMEjkznahaJbcqdF/wIvA0WSVaVdeLITeRKCQi6ZMU3PjbGVMo2CSxjl/cRAzPiA9aBpoWIhmFY6XXtE9y3Tod1I26OQTtnvHSkLjRmGgXWGDPvmtzYh/9OaCXbPWqlQcYKg+OyhbiIpRnSSIe0IDRzl0ALGtbB/pbzPNONok87bELzfK/8FtaOSd1Lybo6L5YssjhzZJXvkgHjklJTJFamQKuHkgYzJC3l1Hp1n5815n1nnnKxnh/wo5+MT+WmsDQ==</latexit>

ÿp = ✓̈` sin ✓ + ✓̇2` cos ✓

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="/rZAd4lc2G6FCQIDhVAWkVLUlxw=">AAAB/3icbVDLSgMxFL1TX7W+RgU3boJFqAvLTBF1IxQFcVnBPqAdhkyaaUMzD5KMtIxd+CtuXCji1t9w59+YtrPQ6oF7OZxzL7k5XsyZVJb1ZeQWFpeWV/KrhbX1jc0tc3unIaNEEFonEY9Ey8OSchbSumKK01YsKA48Tpve4GriN++pkCwK79Qopk6AeyHzGcFKS665d+2mA7cyvtCtNHQr6BgNXfvINYtW2ZoC/SV2RoqQoeaan51uRJKAhopwLGXbtmLlpFgoRjgdFzqJpDEmA9yjbU1DHFDppNP7x+hQK13kR0JXqNBU/bmR4kDKUeDpyQCrvpz3JuJ/XjtR/rmTsjBOFA3J7CE/4UhFaBIG6jJBieIjTTARTN+KSB8LTJSOrKBDsOe//Jc0KmX7tGzfnhSrl1kcediHAyiBDWdQhRuoQR0IPMATvMCr8Wg8G2/G+2w0Z2Q7u/ALxsc3DJWULg==</latexit>

Fk2 = k2(x2 � x1)
<latexit sha1_base64="59P3Xqa0/IQN/2gVvk8rkEHi5SU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0y5JN0zY2myxJVixL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJYIb6/vfXmFldW19o7hZ2tre2d0r7x80jUo1ZQ2qhNLtiBgmuGQNy61g7UQzEkeCtaLRzdRvPTJtuJL3dpywICYDyfucEuuk5ijETyEOyxW/6s+AlgnOSQVy1MPyV7enaBozaakgxnSwn9ggI9pyKtik1E0NSwgdkQHrOCpJzEyQza6doBOn9FBfaVfSopn6eyIjsTHjOHKdMbFDs+hNxf+8Tmr7V0HGZZJaJul8UT8VyCo0fR31uGbUirEjhGrubkV0SDSh1gVUciHgxZeXSfOsii+q+O68UrvO4yjCERzDKWC4hBrcQh0aQOEBnuEV3jzlvXjv3se8teDlM4fwB97nD/0Hjr8=</latexit>

k1x1
<latexit sha1_base64="Z7gKJTPt9jmMOeI76gjFSuR0yCU=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqkxE1GXRjcsKthbaYchkMm1o5kFyRyylv+HGhSJu/Rl3/o1pOwttPRA4nHMP9+YEmZIGXffbKa2srq1vlDcrW9s7u3vV/YO2SXPNRYunKtWdgBmhZCJaKFGJTqYFiwMlHoLhzdR/eBTayDS5x1EmvJj1ExlJztBKvdCnpBemSJ586ldrbt2dgSwTWpAaFGj61S8b5XksEuSKGdOlbobemGmUXIlJpZcbkTE+ZH3RtTRhsTDeeHbzhJxYJSRRqu1LkMzU34kxi40ZxYGdjBkOzKI3Ff/zujlGV95YJlmOIuHzRVGuCKZkWgAJpRYc1cgSxrW0txI+YJpxtDVVbAl08cvLpH1Wpxd1endea1wXdZThCI7hFChcQgNuoQkt4JDBM7zCm5M7L8678zEfLTlF5hD+wPn8AbwxkNc=</latexit>

d1ẋ1
<latexit sha1_base64="3hEhl1tX+kNSTO8t0C8XHA5tNiY=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksQl1YkiLqsujGZQV7gTaEyWTSDp1cmJmIJRQ3voobF4q49Snc+TZO2yy09YeBj/+cw5nzewlnUlnWt1FYWl5ZXSuulzY2t7Z3zN29loxTQWiTxDwWHQ9LyllEm4opTjuJoDj0OG17w+tJvX1PhWRxdKdGCXVC3I9YwAhW2nLNA9+toUrPjxV60HSKcrRPXLNsVa2p0CLYOZQhV8M1v/QsSUMaKcKxlF3bSpSTYaEY4XRc6qWSJpgMcZ92NUY4pNLJpieM0bF2fBTEQr9Ioan7eyLDoZSj0NOdIVYDOV+bmP/VuqkKLp2MRUmqaERmi4KUIxWjSR7IZ4ISxUcaMBFM/xWRARaYKJ1aSYdgz5+8CK1a1T6v2rdn5fpVHkcRDuEIKmDDBdThBhrQBAKP8Ayv8GY8GS/Gu/Exay0Y+cw+/JHx+QO565UV</latexit>

d2(ẋ2 � ẋ1)

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="Sv8BT+dsvuVxy/R+C35hx8Sczh0=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKe5KUC9C0IvHCOYB2TXMTnqTIbMPZnqVsOQ/vHhQxKv/4s2/cZLsQaMFDUVVN91dfiKFRtv+sgpLyyura8X10sbm1vZOeXevpeNUcWjyWMaq4zMNUkTQRIESOokCFvoS2v7oeuq3H0BpEUd3OE7AC9kgEoHgDI107+IQkNFL6ibipNYrV+yqPQP9S5ycVEiORq/86fZjnoYQIZdM665jJ+hlTKHgEiYlN9WQMD5iA+gaGrEQtJfNrp7QI6P0aRArUxHSmfpzImOh1uPQN50hw6Fe9Kbif143xeDCy0SUpAgRny8KUkkxptMIaF8o4CjHhjCuhLmV8iFTjKMJqmRCcBZf/ktap1XnrOrc1ir1qzyOIjkgh+SYOOSc1MkNaZAm4USRJ/JCXq1H69l6s97nrQUrn9knv2B9fAMP9ZGT</latexit>

✓ = ⇡/4

<latexit sha1_base64="VR+ZOchMFpo5vD/og6TLjqdqvjw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh9te0itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMg+I2z</latexit>

Fp

<latexit sha1_base64="/rZAd4lc2G6FCQIDhVAWkVLUlxw=">AAAB/3icbVDLSgMxFL1TX7W+RgU3boJFqAvLTBF1IxQFcVnBPqAdhkyaaUMzD5KMtIxd+CtuXCji1t9w59+YtrPQ6oF7OZxzL7k5XsyZVJb1ZeQWFpeWV/KrhbX1jc0tc3unIaNEEFonEY9Ey8OSchbSumKK01YsKA48Tpve4GriN++pkCwK79Qopk6AeyHzGcFKS665d+2mA7cyvtCtNHQr6BgNXfvINYtW2ZoC/SV2RoqQoeaan51uRJKAhopwLGXbtmLlpFgoRjgdFzqJpDEmA9yjbU1DHFDppNP7x+hQK13kR0JXqNBU/bmR4kDKUeDpyQCrvpz3JuJ/XjtR/rmTsjBOFA3J7CE/4UhFaBIG6jJBieIjTTARTN+KSB8LTJSOrKBDsOe//Jc0KmX7tGzfnhSrl1kcediHAyiBDWdQhRuoQR0IPMATvMCr8Wg8G2/G+2w0Z2Q7u/ALxsc3DJWULg==</latexit>

Fk2 = k2(x2 � x1)

<latexit sha1_base64="3hEhl1tX+kNSTO8t0C8XHA5tNiY=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksQl1YkiLqsujGZQV7gTaEyWTSDp1cmJmIJRQ3voobF4q49Snc+TZO2yy09YeBj/+cw5nzewlnUlnWt1FYWl5ZXSuulzY2t7Z3zN29loxTQWiTxDwWHQ9LyllEm4opTjuJoDj0OG17w+tJvX1PhWRxdKdGCXVC3I9YwAhW2nLNA9+toUrPjxV60HSKcrRPXLNsVa2p0CLYOZQhV8M1v/QsSUMaKcKxlF3bSpSTYaEY4XRc6qWSJpgMcZ92NUY4pNLJpieM0bF2fBTEQr9Ioan7eyLDoZSj0NOdIVYDOV+bmP/VuqkKLp2MRUmqaERmi4KUIxWjSR7IZ4ISxUcaMBFM/xWRARaYKJ1aSYdgz5+8CK1a1T6v2rdn5fpVHkcRDuEIKmDDBdThBhrQBAKP8Ayv8GY8GS/Gu/Exay0Y+cw+/JHx+QO565UV</latexit>

d2(ẋ2 � ẋ1)

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="s9YKeFST7Eb7NgdZIhziouS+atM=">AAACBXicbVDLSgNBEJyNrxhfUY96GAyCIITdIOpFCHrxGME8IBuW2UnHDJmdXWZ6JSHk4sVf8eJBEa/+gzf/xsnjoMaChqKqm+6uMJHCoOt+OZmFxaXllexqbm19Y3Mrv71TM3GqOVR5LGPdCJkBKRRUUaCERqKBRaGEeti7Gvv1e9BGxOoWBwm0InanREdwhlYK8vv9IKEXtB+U6DH1QUrqG6Goj11AFuQLbtGdgM4Tb0YKZIZKkP/02zFPI1DIJTOm6bkJtoZMo+ASRjk/NZAw3mN30LRUsQhMazj5YkQPrdKmnVjbUkgn6s+JIYuMGUSh7YwYds1fbyz+5zVT7Jy3hkIlKYLi00WdVFKM6TgS2hYaOMqBJYxrYW+lvMs042iDy9kQvL8vz5NaqeidFr2bk0L5chZHluyRA3JEPHJGyuSaVEiVcPJAnsgLeXUenWfnzXmftmac2cwu+QXn4xvpuJby</latexit>

xp = x2 + ` sin ✓
<latexit sha1_base64="70/M1tpzTnvpUZRkyCkG4+G9vR8=">AAACG3icbZDLSgMxFIYz9VbrbdSlm2ARBKHMFFE3QtGNywr2Ap2hZNLTNjRzITkjltL3cOOruHGhiCvBhW9j2s5CW38IfPznnCTnDxIpNDrOt5VbWl5ZXcuvFzY2t7Z37N29uo5TxaHGYxmrZsA0SBFBDQVKaCYKWBhIaASD60m9cQ9Kizi6w2ECfsh6kegKztBYbbvsdWKkD+2EXtIMy/Rkhh72ARn1QErq8VhnRtsuOiVnKroIbgZFkqnatj/NdTwNIUIumdYt10nQHzGFgksYF7xUQ8L4gPWgZTBiIWh/NN1tTI+M06HdWJkTIZ26vydGLNR6GAamM2TY1/O1iflfrZVi98IfiShJESI+e6ibSooxnQRFO0IBRzk0wLgS5q+U95liHE2cBROCO7/yItTLJfes5N6eFitXWRx5ckAOyTFxyTmpkBtSJTXCySN5Jq/kzXqyXqx362PWmrOymX3yR9bXDyAan6Q=</latexit>

ẋp = ẋ2 + ✓̇` cos ✓
<latexit sha1_base64="Zmprx9N0Eaj+QweIFWY8t9NELaI=">AAACP3icbZBNSwMxEIazftb6VfXoJVgEQSy7RdSLIHrxWMFWobsu2XRqg9nsksyKpfjPvPgXvHn14kERr95M6yraOhB4eN+ZJPNGqRQGXffRGRufmJyaLswUZ+fmFxZLS8sNk2SaQ50nMtHnETMghYI6CpRwnmpgcSThLLo66vtn16CNSNQpdlMIYnapRFtwhlYKSw2/1UqQ3oQp3affXKWbOfvYAWTUBympzxPzLWxZ/8e+qOYNRqhcCktlt+IOio6Cl0OZ5FULSw/2Qp7FoJBLZkzTc1MMekyj4BJui35mIGX8il1C06JiMZigN9j/lq5bpUXbibZHIR2ovyd6LDamG0e2M2bYMcNeX/zPa2bY3gt6QqUZguJfD7UzSTGh/TBpS2jgKLsWGNfC/pXyDtOMo428aEPwhlcehUa14u1UvJPt8sFhHkeBrJI1skE8sksOyDGpkTrh5I48kRfy6tw7z86b8/7VOubkMyvkTzkfn3rarXs=</latexit>

ẍp = ẍ2 + ✓̈` cos ✓ � ✓̇2` sin ✓

<latexit sha1_base64="0UvdONimD/3SMd4Dk7RFyBmNMkg=">AAACLnicbVDLSsNAFJ34rPVVdelmsAiuSiKiLosiuKxgq9CUMJnctIOTSZi5EUvwi9z4K7oQVMStn+H04dsDA+eeew9z7wkzKQy67qMzMTk1PTNbmivPLywuLVdWVlsmzTWHJk9lqs9DZkAKBU0UKOE808CSUMJZeHE46J9dgjYiVafYz6CTsK4SseAMrRRUjvwQukIVYcJQi6vrsh9FKdKrwKO+Tz+K7a/Cxx4go2UfVPTpCipVt+YOQf8Sb0yqZIxGULn3o5TnCSjkkhnT9twMOwXTKLgEu0VuIGP8gnWhbaliCZhOMTz3mm5aJaJxqu1TSIfqd0fBEmP6SWgn7X4987s3EP/rtXOM9zuFUFmOoPjooziXFFM6yI5GQgNH2beEcS3srpT3mGYcbcJlG4L3++S/pLVd83Zr3slOtX4wjqNE1skG2SIe2SN1ckwapEk4uSF35Ik8O7fOg/PivI5GJ5yxZ438gPP2Dqn+qFE=</latexit>2

4
ẍ1

ẍ2

✓̈

3

5

<latexit sha1_base64="69S4UoU2OTRz9Z/TU262jzltLME="></latexit>2

4
m1 0 0
0 (m2 +m3) m3` cos ✓
0 m3` cos ✓ m3`2

3

5
<latexit sha1_base64="fktkf7e37s5ZsJjxRobER+EnYsg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHq5Jr1xxq+4MZJl4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbphJxYpU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+jbpc4XMiLEllClubyVsSBVlxoZTsiF4iy8vk+ZZ1buoevfnldpNHkcRjuAYTsGDS6jBHdShAQxCeIZXeHNGzovz7nzMWwtOPnMIf+B8/gDkZozx</latexit>=

<latexit sha1_base64="cD4k4KNzpmj/EC8Ge0xqniELPZI=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiGzdCBfvAtpRMeqcNzWSGJCOUoX/hxoUibv0bd/6NmXYW2nogcDjnXnLu8WPBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpKFMMGi0Sk2j7VKLjEhuFGYDtWSENfYMsf32R+6wmV5pF8MJMYeyEdSh5wRo2VHrshNSM/SO+m/XLFrbozkGXi5aQCOer98ld3ELEkRGmYoFp3PDc2vZQqw5nAaambaIwpG9MhdiyVNETdS2eJp+TEKgMSRMo+achM/b2R0lDrSejbySyhXvQy8T+vk5jgqpdyGScGJZt/FCSCmIhk55MBV8iMmFhCmeI2K2EjqigztqSSLcFbPHmZNM+q3kXVuz+v1K7zOopwBMdwCh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxHC06+cwh/4Hz+AL3akPc=</latexit>

M <latexit sha1_base64="Uj6nJ3AsEVHd4YV8iSLkuEEseJM=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EcRSEGZ32qzW37s5AlolXkBoUaParX71BzNKIK2SSGtP13AT9jGoUTPJppZcanlA2pkPetVTRiBs/myWekhOrDEgYa/sUkpn6eyOjkTGTKLCTeUKz6OXif143xfDKz4RKUuSKzT8KU0kwJvn5ZCA0ZygnllCmhc1K2IhqytCWVLEleIsnL5P2Wd27qHt357XGdVFHGY7gGE7Bg0towC00oQUMFDzDK7w5xnlx3p2P+WjJKXYO4Q+czx/cPpEL</latexit>a
<latexit sha1_base64="sZ49ajG7bco8ZWSalhiKsP33yl4=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiIC4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4WV1bX1jeJmaWt7Z3evvH/Q1FGiGDZYJCLV9qlGwSU2DDcC27FCGvoCW/74JvNbT6g0j+SDmcTYC+lQ8oAzaqz02A2pGflBejvtlytu1Z2BLBMvJxXIUe+Xv7qDiCUhSsME1brjubHppVQZzgROS91EY0zZmA6xY6mkIepeOks8JSdWGZAgUvZJQ2bq742UhlpPQt9OZgn1opeJ/3mdxARXvZTLODEo2fyjIBHERCQ7nwy4QmbExBLKFLdZCRtRRZmxJZVsCd7iycukeVb1Lqre/Xmldp3XUYQjOIZT8OASanAHdWgAAwnP8ApvjnZenHfnYz5acPKdQ/gD5/MHszeQ8A==</latexit>

F
<latexit sha1_base64="l2Ugl02wXDnbzBSKXsioGAyh6Dw=">AAACD3icbVDLSgMxFL1TX7W+Rl26CRbFjWVGRN0IRUHcCBXsA9qxZNJMG5p5kGSEMswfuPFX3LhQxK1bd/6NmT5AWw8Ezj3nXnLvcSPOpLKsbyM3N7+wuJRfLqysrq1vmJtbNRnGgtAqCXkoGi6WlLOAVhVTnDYiQbHvclp3+5eZX3+gQrIwuFODiDo+7gbMYwQrLbXN/ZaPVc/1EpyiczQpbtL75NBOJ+VV2jaLVskaAs0Se0yKMEalbX61OiGJfRoowrGUTduKlJNgoRjhNC20YkkjTPq4S5uaBtin0kmG96RoTysd5IVCv0Chofp7IsG+lAPf1Z3ZhnLay8T/vGasvDMnYUEUKxqQ0UdezJEKURYO6jBBieIDTTARTO+KSA8LTJSOsKBDsKdPniW1o5J9UrJvj4vli3EcediBXTgAG06hDNdQgSoQeIRneIU348l4Md6Nj1FrzhjPbMMfGJ8//aucpA==</latexit>

a = M�1F

<latexit sha1_base64="5etlQgqY64WGu+17OmqAUVi3uDo=">AAAB+nicbVDLSgMxFM34rPU11aWbYBEqSJkRUTdC0Y3LCvYB7VAyaaYNzWSG5I7Sjv0UNy4UceuXuPNvTNtZaOuBC4dz7k3uPX4suAbH+baWlldW19ZzG/nNre2dXbuwV9dRoiir0UhEqukTzQSXrAYcBGvGipHQF6zhD24mfuOBKc0jeQ/DmHkh6UkecErASB270O5GkI7G+AoHpdFJcow7dtEpO1PgReJmpIgyVDv2l3mDJiGTQAXRuuU6MXgpUcCpYON8O9EsJnRAeqxlqCQh0146XX2Mj4zSxUGkTEnAU/X3REpCrYehbzpDAn09703E/7xWAsGll3IZJ8AknX0UJAJDhCc54C5XjIIYGkKo4mZXTPtEEQomrbwJwZ0/eZHUT8vuedm9OytWrrM4cugAHaISctEFqqBbVEU1RNEjekav6M16sl6sd+tj1rpkZTP76A+szx+IMpLf</latexit>

ż = f(z, u)
<latexit sha1_base64="zqBZPsCuMyo5Ic9hyNyOLEIEggQ=">AAACLHicbZBLSwMxEMezPmt9rXr0EiyCp7JbRL0IxV48VugLtuuSTdM2NPsgmRVr6Qfy4lcRxINFvPo5zLaraOtAhh///0ySGT8WXIFlTYyl5ZXVtfXcRn5za3tn19zbb6gokZTVaSQi2fKJYoKHrA4cBGvFkpHAF6zpDyqp37xjUvEorMEwZm5AeiHvckpAS55ZecCX2Gnje8/GaS7p3IY+A5JCJ4LMybD0jT817m3NMwtW0ZoGXgQ7gwLKouqZL/oOmgQsBCqIUo5txeCOiAROBRvn24liMaED0mOOxpAETLmj6bBjfKyVDu5GUp8Q8FT93TEigVLDwNeVAYG+mvdS8T/PSaB74Y54GCfAQjp7qJsIDBFON4c7XDIKYqiBUMn1XzHtE0ko6P3m9RLs+ZEXoVEq2mdF++a0UL7K1pFDh+gInSAbnaMyukZVVEcUPaJn9IYmxpPxarwbH7PSJSPrOUB/wvj8AnIupCM=</latexit>

z = [ x1 x2 ✓ ẋ1 ẋ2 ✓̇ ]T
<latexit sha1_base64="LLIhNCty/P7nY1UjVN+9OCxP604=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWwVVJiqgboSiIywp9CGkMk+mkHTp5MDMRSujGX3HjQhG3foY7/8ZJm4W2HpjL4Zx7uXOPn3AmlWV9G6Wl5ZXVtfJ6ZWNza3vH3N3ryDgVhLZJzGNx72NJOYtoWzHF6X0iKA59Trv+6Dr3u49USBZHLTVOqBviQcQCRrDSkmcepAhdIqeHbjwb5bWuq/vQ8syqVbOmQIvELkgVCjQ986vXj0ka0kgRjqV0bCtRboaFYoTTSaWXSppgMsID6mga4ZBKN5seMEHHWumjIBb6RQpN1d8TGQ6lHIe+7gyxGsp5Lxf/85xUBRduxqIkVTQis0VBypGKUZ4G6jNBieJjTTARTP8VkSEWmCidWUWHYM+fvEg69Zp9VrPvTquNqyKOMhzCEZyADefQgFtoQhsITOAZXuHNeDJejHfjY9ZaMoqZffgD4/MH+jSTdA==</latexit>

u = [ F1 F2 ]T

Linearization:

<latexit sha1_base64="76amL2JspmCy2rLGs73VujnDtKE=">AAACCnicbZDLSsNAFIZPvNZ6q7p0M1oEVyURUTdC0Y3LCvYCTSiT6aQdOpmEmYlQQtZufBU3LhRx6xO4822ctAG19YeBj/+cMzPn92POlLbtL2thcWl5ZbW0Vl7f2NzaruzstlSUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj67zevueSsUicafHMfVCPBAsYARrY/UqB24gMUndGEvNMEdB9sNJhi5RuVep2jV7IjQPTgFVKNToVT7dfkSSkApNOFaq69ix9tL8UsJpVnYTRWNMRnhAuwYFDqny0skqGToyTh8FkTRHaDRxf0+kOFRqHPqmM8R6qGZruflfrZvo4MJLmYgTTQWZPhQkHOkI5bmgPpOUaD42gIlk5q+IDLHJRpv08hCc2ZXnoXVSc85qzu1ptX5VxFGCfTiEY3DgHOpwAw1oAoEHeIIXeLUerWfrzXqfti5Yxcwe/JH18Q16mJoX</latexit>

@f

@u
=

<latexit sha1_base64="RtKOTngD9rifF7k3Gj1cs03x1l0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ae0oWy2m3TpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvSKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuBdRwKRRvo0DJe6nmNA4k7waT27nffeTaiEQ94DTlfkwjJULBKFqpO2iKKPIrw2rNrbsLkL/EK0gNCrSG1c/BKGFZzBUySY3pe26Kfk41Cib5rDLIDE8pm9CI9y1VNObGzxfnzsiZVUYkTLQthWSh/pzIaWzMNA5sZ0xxbFa9ufif188wvPFzodIMuWLLRWEmCSZk/jsZCc0ZyqkllGlhbyVsTDVlaBOah+CtvvyXdC7q3lXdu7+sNZpFHGU4gVM4Bw+uoQF30II2MJjAE7zAq5M6z86b875sLTnFzDH8gvPxDXppjwI=</latexit>#<latexit sha1_base64="OFT1QrjM7FBepu6eDXOWyf7v98g=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7AekoWy2m3TpZrPsboQS+iO8eFDEq7/Hm//GTZuDVh8MPN6bYWZeKDnTxnW/nMra+sbmVnW7trO7t39QPzzq6TRThHZJylM1CLGmnAnaNcxwOpCK4iTktB9Obwu//0iVZql4MDNJgwTHgkWMYGOl/rDN4tivjeoNt+kugP4SryQNKNEZ1T+H45RkCRWGcKy177nSBDlWhhFO57VhpqnEZIpj6lsqcEJ1kC/OnaMzq4xRlCpbwqCF+nMix4nWsyS0nQk2E73qFeJ/np+Z6CbImZCZoYIsF0UZRyZFxe9ozBQlhs8swUQxeysiE6wwMTahIgRv9eW/pHfR9K6a3v1lo9Uu46jCCZzCOXhwDS24gw50gcAUnuAFXh3pPDtvzvuyteKUM8fwC87HN3dfjwA=</latexit>"
<latexit sha1_base64="vqy2hewhAwaT2yQgQB0Vf5jcR+o=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByl/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgOIwyb1YZVGte3ZvDXSV+QWpQoDmofvWHiqYxk0gFMabnewkGGdHIqWCzSj81LCF0QkasZ6kkMTNBNo88c8+sMnQjpe2T6M7V3xsZiY2ZxqGdzCOaZS8X//N6KUY3QcZlkiKTdPFRlAoXlZvf7w65ZhTF1BJCNbdZXTommlC0LeUl+Msnr5L2Rd2/qvsPl7XGbVFHGU7gFM7Bh2towD00oQUUFDzDK7w56Lw4787HYrTkFDvH8AfO5w/J3ZDu</latexit>

0
<latexit sha1_base64="aogRUODmXTC1yzc0egwjmfrd+3w=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF71VsLaQlrLZbtqlm03YfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bIJHCoOt+O6WV1bX1jfJmZWt7Z3evun/waOJUM95isYx1J6CGS6F4CwVK3kk0p1EgeTsY3+R++4lrI2L1gJOE9yI6VCIUjKKV/G5EcRSE2d200q/W3Lo7A1kmXkFqUKDZr351BzFLI66QSWqM77kJ9jKqUTDJp5VuanhC2ZgOuW+pohE3vWwWeUpOrDIgYaztU0hm6u+NjEbGTKLATuYRzaKXi/95forhVS8TKkmRKzb/KEwlwZjk95OB0JyhnFhCmRY2K2EjqilD21Jegrd48jJ5PKt7F3Xv/rzWuC7qKMMRHMMpeHAJDbiFJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kD7/ORBw==</latexit>

I
<latexit sha1_base64="qsDcRLoEFT+YK7MLPDZFOUmA5FM=">AAACCnicbZDLSsNAFIZP6q3WW9Slm9EiuCqJiLoRim5cVrAXaEKZTCft0MmFmYlQQ9ZufBU3LhRx6xO4822ctAG19YeBj/+cMzPn92LOpLKsL6O0sLi0vFJeraytb2xumds7LRklgtAmiXgkOh6WlLOQNhVTnHZiQXHgcdr2Rld5vX1HhWRReKvGMXUDPAiZzwhW2uqZ+44vMEmdGAvFMEd+9sP3GbpAlZ5ZtWrWRGge7AKqUKjRMz+dfkSSgIaKcCxl17Zi5ab5pYTTrOIkksaYjPCAdjWGOKDSTSerZOhQO33kR0KfUKGJ+3sixYGU48DTnQFWQzlby83/at1E+eduysI4UTQk04f8hCMVoTwX1GeCEsXHGjARTP8VkSHW2SidXh6CPbvyPLSOa/Zpzb45qdYvizjKsAcHcAQ2nEEdrqEBTSDwAE/wAq/Go/FsvBnv09aSUczswh8ZH9+CRZoc</latexit>

@f

@z
=

<latexit sha1_base64="ev1RuRqzk57eMZd1Y7Lj8nUwuko=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoioh6LXjxWsR/QhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+Nm7YHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj29xvPaHSPJaPZpygH9GB5CFn1Fjp4azUK1fcqjsFWSbenFRgjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHrphJxYpU/CWNmShkzV3xMZjbQeR4HtjKgZ6kUvF//zOqkJr/2MyyQ1KNlsUZgKYmKSv036XCEzYmwJZYrbWwkbUkWZseHkIXiLLy+T5nnVu6x69xeV2s08jiIcwTGcggdXUIM7qEMDGITwDK/w5oycF+fd+Zi1Fpz5zCH8gfP5A6e0jMk=</latexit>

+
<latexit sha1_base64="Vlopfzi1oY7yOKugZNl3d0G/Qvk=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIqMuiGzdCBfuANpbJdNIOnUzCzKRQQv7EjQtF3Pon7vwbJ20W2npg4HDOvdwzx485U9pxvq3Syura+kZ5s7K1vbO7Z+8ftFSUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj29zvz2hUrFIPOppTL0QDwULGMHaSH3b7oVYj/wgvc+e0jM3q/TtqlNzZkDLxC1IFQo0+vZXbxCRJKRCE46V6rpOrL0US80Ip1mllygaYzLGQ9o1VOCQKi+dJc/QiVEGKIikeUKjmfp7I8WhUtPQN5N5TrXo5eJ/XjfRwbWXMhEnmgoyPxQkHOkI5TWgAZOUaD41BBPJTFZERlhiok1ZeQnu4peXSeu85l7W3IeLav2mqKMMR3AMp+DCFdThDhrQBAITeIZXeLNS68V6tz7moyWr2DmEP7A+fwDVXpMi</latexit>

M�1
<latexit sha1_base64="w9lB2+tOBZqM5coYA45SpDAYhCg=">AAACJHicbVDLSsNAFJ3UV62vqEs3g0WoiCURUcFNURA3QgX7gCaWyXTSDp08mJkIbcjHuPFX3LjwgQs3fouTNvhoPTBwOPfcO/ceJ2RUSMP40HIzs3PzC/nFwtLyyuqavr5RF0HEManhgAW86SBBGPVJTVLJSDPkBHkOIw2nf57WG3eECxr4N3IQEttDXZ+6FCOppLZ+ugctD8me48ZXSWm4exvvm4nlcoRjK0RcUsS+DRdJ8iMOE9jWi0bZGAFOEzMjRZCh2tZfrU6AI4/4EjMkRMs0QmnH6UTMSFKwIkFChPuoS1qK+sgjwo5HRyZwRykd6AZcPV/Ckfq7I0aeEAPPUc50XzFZS8X/aq1Iuid2TP0wksTH44/ciEEZwDQx2KGcYMkGiiDMqdoV4h5SCUmVa0GFYE6ePE3qB2XzqGxeHxYrZ1kcebAFtkEJmOAYVMAlqIIawOAePIJn8KI9aE/am/Y+tua0rGcT/IH2+QVDQqU8</latexit>

+M(z)�1 @F

@z

<latexit sha1_base64="iZXv7C4szlGm+9zKIu0oaXN9+Cg="></latexit>⇥
0 0 �M�1 @M

@✓ M�1F 0 0 0
⇤

<latexit sha1_base64="RJDD+0qdSuHJlPc43ocYJQkRXew=">AAACH3icbVDLSsNAFL3xWesr6tLNYBHcWBKR6rIoiBuhgn1AE8tkOmmHTh7MTIQS8idu/BU3LhQRd/0bJ21FbT0wcDjn3jv3Hi/mTCrLGhkLi0vLK6uFteL6xubWtrmz25BRIgitk4hHouVhSTkLaV0xxWkrFhQHHqdNb3CZ+80HKiSLwjs1jKkb4F7IfEaw0lLHrDgBVn3PT2+y+/TYzpDjC0xSJ8ZCMczRt32VZT9iknXMklW2xkDzxJ6SEkxR65ifTjciSUBDRTiWsm1bsXLTfCDhNCs6iaQxJgPco21NQxxQ6abj+zJ0qJUu8iOhX6jQWP3dkeJAymHg6cp8XTnr5eJ/XjtR/rmbsjBOFA3J5CM/4UhFKA8LdZmgRPGhJpgIpndFpI91QEpHWtQh2LMnz5PGSdmulO3b01L1YhpHAfbhAI7AhjOowjXUoA4EHuEZXuHNeDJejHfjY1K6YEx79uAPjNEXj6qj7w==</latexit>

M�1 @F

@u

<latexit sha1_base64="7t/C1Pm+Z1nhhA3ES7Hh8R/jA64="></latexit>2

4
F1 � k1x1 � d1ẋ1 + k2(x2 � x1) + d2(ẋ2 � ẋ1)
F2 +m3✓̇2` sin ✓ � k2(x2 � x1)� d2(ẋ2 � ẋ1)

�mg` sin ✓

3

5
<latexit sha1_base64="3SvQCNdmVfTWYmKNa+pp7/Iolzw=">AAACAHicbVA9SwNBEN2LXzF+RS0sbBaDYGO4U1HLoI1lBPMBuSPsbSbJkr29Y3dOCEca/4qNhSK2/gw7/42bj0ITHww83pthZl6YSGHQdb+d3NLyyupafr2wsbm1vVPc3aubONUcajyWsW6GzIAUCmooUEIz0cCiUEIjHNyO/cYjaCNi9YDDBIKI9ZToCs7QSu3iwWnUPqc96oOU1DdCUR/7gKxdLLlldwK6SLwZKZEZqu3il9+JeRqBQi6ZMS3PTTDImEbBJYwKfmogYXzAetCyVLEITJBNHhjRY6t0aDfWthTSifp7ImORMcMotJ0Rw76Z98bif14rxe51kAmVpAiKTxd1U0kxpuM0aEdo4CiHljCuhb2V8j7TjKPNrGBD8OZfXiT1s7J3WfbuL0qVm1kceXJIjsgJ8cgVqZA7UiU1wsmIPJNX8uY8OS/Ou/Mxbc05s5l98gfO5w/tBZVb</latexit>

�m3g` sin ✓

<latexit sha1_base64="MNtw6WMoud8qnMqCeyspaUj7fIY=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0VwY0lE1I1QdONGqGAf0IQymU7aoZMHMzdCCfkKN/6KGxeKuBV3/o2TNovaemDgcM69d+49Xiy4Asv6MUpLyyura+X1ysbm1vaOubvXUlEiKWvSSESy4xHFBA9ZEzgI1oklI4EnWNsb3eR++5FJxaPwAcYxcwMyCLnPKQEt9cwTx5eEpk5MJHAisBMQGHp+epdlMyIMGZAMX/XMqlWzJsCLxC5IFRVo9Mxvpx/RJGAhUEGU6tpWDG6az6WCZRUnUSwmdEQGrKtpSAKm3HRyVoaPtNLHfiT1CwFP1NmOlARKjQNPV+Zbq3kvF//zugn4l27KwzgBFtLpR34iMEQ4zwj3uWQUxFgTQiXXu2I6JDon0ElWdAj2/MmLpHVas89r9v1ZtX5dxFFGB+gQHSMbXaA6ukUN1EQUPaEX9IbejWfj1fgwPqelJaPo2Ud/YHz9AkphoA8=</latexit>

@M

@✓
=

<latexit sha1_base64="6g0S57ZOeuaqUXSPqBCO1MS0d/w="></latexit>2

4
0 0 0
0 0 �m3` sin ✓
0 �m3` sin ✓ 0

3

5

<latexit sha1_base64="wGOpxzRDU6TjblAybnVu6bRT5Xg="></latexit>2

4
�k1 � k2 k2 0 �d1 � d2 d2 0

k2 �k2 m3✓̇2` cos ✓ d2 �d2 2✓̇m3` sin ✓
0 0 �m3g` cos ✓ 0 0 0

3

5
<latexit sha1_base64="Vs1QW0fQAOaPHFXjTR3ZaOcwpRU=">AAACEXicbVDLSsNAFL3xWesr6tLNYBG6KomIuhGKgrisYB/QhDKZTtqhkwczE6GG/IIbf8WNC0XcunPn3zhpA2rrgYHDOffeufd4MWdSWdaXsbC4tLyyWlorr29sbm2bO7stGSWC0CaJeCQ6HpaUs5A2FVOcdmJBceBx2vZGl7nfvqNCsii8VeOYugEehMxnBCst9cyq4wtMUifGQjHMkRNgNfT89CrLfsT7DJ33zIpVsyZA88QuSAUKNHrmp9OPSBLQUBGOpezaVqzcNB9JOM3KTiJpjMkID2hX0xAHVLrp5KIMHWqlj/xI6BcqNFF/d6Q4kHIceLoyX1jOern4n9dNlH/mpiyME0VDMv3ITzhSEcrjQX0mKFF8rAkmguldERliHZHSIZZ1CPbsyfOkdVSzT2r2zXGlflHEUYJ9OIAq2HAKdbiGBjSBwAM8wQu8Go/Gs/FmvE9LF4yiZw/+wPj4BjUGnd4=</latexit>

@F

@z
=

<latexit sha1_base64="G4QZSdoS1drIsiZspZeo84pyX2U=">AAACEnicbVDLSsNAFL2pr1pfUZduBougm5KIqBuhKIjLCvYBTSiT6aQdOnkwMxFKyDe48VfcuFDErSt3/o2TNqC2Hhg4nHPvnXuPF3MmlWV9GaWFxaXllfJqZW19Y3PL3N5pySgRhDZJxCPR8bCknIW0qZjitBMLigOP07Y3usr99j0VkkXhnRrH1A3wIGQ+I1hpqWceOb7AJHViLBTDHDkBVkPPT6+z7EdMMnSBembVqlkToHliF6QKBRo989PpRyQJaKgIx1J2bStWbprPJJxmFSeRNMZkhAe0q2mIAyrddHJShg600kd+JPQLFZqovztSHEg5DjxdmW8sZ71c/M/rJso/d1MWxomiIZl+5CccqQjl+aA+E5QoPtYEE8H0rogMsc5I6RQrOgR79uR50jqu2ac1+/akWr8s4ijDHuzDIdhwBnW4gQY0gcADPMELvBqPxrPxZrxPS0tG0bMLf2B8fAOSzJ4D</latexit>

@F

@u
=

<latexit sha1_base64="JjwTL9GWxkNIyAP/Z/QzQ7GK12A=">AAACH3icbZDLSsNAFIYnXmu8RV26GSyKq5KIVJdFNy4r2As0oUymp+3QySTMTMQS+iZufBU3LhQRd30bp20Ubf1h4OM/5zDn/GHCmdKuO7aWlldW19YLG/bm1vbOrrO3X1dxKinUaMxj2QyJAs4E1DTTHJqJBBKFHBrh4HpSb9yDVCwWd3qYQBCRnmBdRok2Vtsp+yH0mMjCiGjJHka2h0+wi33fdg143+Bi2wfR+WlrO0W35E6FF8HLoYhyVdvOp9+JaRqB0JQTpVqem+ggI1IzymFk+6mChNAB6UHLoCARqCCb3jfCx8bp4G4szRMaT93fExmJlBpGoek0+/XVfG1i/ldrpbp7GWRMJKkGQWcfdVOOdYwnYeEOk0A1HxogVDKzK6Z9IgnVJlLbhODNn7wI9bOSVy55t+fFylUeRwEdoiN0ijx0gSroBlVRDVH0iJ7RK3qznqwX6936mLUuWfnMAfoja/wFe0Ke6w==</latexit>2

4
1 0
0 1
0 0

3

5

<latexit sha1_base64="l2Ugl02wXDnbzBSKXsioGAyh6Dw=">AAACD3icbVDLSgMxFL1TX7W+Rl26CRbFjWVGRN0IRUHcCBXsA9qxZNJMG5p5kGSEMswfuPFX3LhQxK1bd/6NmT5AWw8Ezj3nXnLvcSPOpLKsbyM3N7+wuJRfLqysrq1vmJtbNRnGgtAqCXkoGi6WlLOAVhVTnDYiQbHvclp3+5eZX3+gQrIwuFODiDo+7gbMYwQrLbXN/ZaPVc/1EpyiczQpbtL75NBOJ+VV2jaLVskaAs0Se0yKMEalbX61OiGJfRoowrGUTduKlJNgoRjhNC20YkkjTPq4S5uaBtin0kmG96RoTysd5IVCv0Chofp7IsG+lAPf1Z3ZhnLay8T/vGasvDMnYUEUKxqQ0UdezJEKURYO6jBBieIDTTARTO+KSA8LTJSOsKBDsKdPniW1o5J9UrJvj4vli3EcediBXTgAG06hDNdQgSoQeIRneIU348l4Md6Nj1FrzhjPbMMfGJ8//aucpA==</latexit>

a = M�1F

<latexit sha1_base64="KJk6aJ9rfd/3nEin2NF3JYzxG1o=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlQQ7ZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fANBxZoI</latexit>

@f

@z
=

<latexit sha1_base64="+LmFMV/GwJe166lhiSFP32aH+Yg=">AAACJHicbVDLSgNBEJz1bXxFPXoZDEJECLtRVBBB9OJRwWggmyyzk44ZMrO7zPSKYcnHePFXvHjwgQcvfouTx0GNBU0XVd3MdIWJFAZd99OZmJyanpmdm88tLC4tr+RX165NnGoOFR7LWFdDZkCKCCooUEI10cBUKOEm7Jz1/Zs70EbE0RV2E6grdhuJluAMrRTkj3yEe8yagD16TFWwS32QslEuqqBMd/rC9rA1ygOH+jw21Mc2IAvyBbfkDkDHiTciBTLCRZB/85sxTxVEyCUzpua5CdYzplFwCb2cnxpIGO+wW6hZGjEFpp4NjuzRLas0aSvWtiKkA/XnRsaUMV0V2knFsG3+en3xP6+WYuuwnokoSREiPnyolUqKMe0nRptCA0fZtYRxLexfKW8zzTjaXHM2BO/vyePkulzy9kve5V7h5HQUxxzZIJukSDxyQE7IObkgFcLJA3kiL+TVeXSenXfnYzg64Yx21skvOF/f1x+h2Q==</latexit>

det = m3`
2(m2 +m3) +m2

3` cos ✓

<latexit sha1_base64="qXa5/V3edWxrsafDfrIEgpCK9KM="></latexit>
m3`2 �m3` cos ✓

�m3` cos ✓ m2 +m3

�
<latexit sha1_base64="RVFWvj5DaAOHbcFOoHEK9ZJAagw=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUlE1GXRjcsK9gFtKJPJTTt08mDmRqwh+CtuXCji1v9w5984bbPQ1gMXDufcy733eIngCm372ygtLa+srpXXKxubW9s75u5eS8WpZNBksYhlx6MKBI+giRwFdBIJNPQEtL3R9cRv34NUPI7ucJyAG9JBxAPOKGqpbx70AklZ5uRZD+EBMx8wz/tm1a7ZU1iLxClIlRRo9M2vnh+zNIQImaBKdR07QTejEjkTkFd6qYKEshEdQFfTiIag3Gx6fW4da8W3gljqitCaqr8nMhoqNQ493RlSHKp5byL+53VTDC7djEdJihCx2aIgFRbG1iQKy+cSGIqxJpRJrm+12JDqOFAHVtEhOPMvL5LWac05rzm3Z9X6VRFHmRySI3JCHHJB6uSGNEiTMPJInskreTOejBfj3fiYtZaMYmaf/IHx+QN/OZXo</latexit>

1

det

<latexit sha1_base64="w90qZulc5A2R3TH2+HI+nGCTX6M=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqkxE1GXRjcsK9gHtUDJppg1NMmOSKZRhvsONC0Xc+jHu/BvTx0JbD1w4nHMv994TJoIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZxqyho0FrFuh8QwwRVrWG4FayeaERkK1gpHd1O/NWba8Fg92knCAkkGikecEuukoBtpQjOcZ7KH81654lf9GdAqwQtSgQXqvfJXtx/TVDJlqSDGdLCf2CAj2nIqWF7qpoYlhI7IgHUcVUQyE2Szo3N05pQ+imLtSlk0U39PZEQaM5Gh65TEDs2yNxX/8zqpjW6CjKsktUzR+aIoFcjGaJoA6nPNqBUTRwjV3N2K6JC4HKzLqeRCwMsvr5LmRRVfVfHDZaV2u4ijCCdwCueA4RpqcA91aACFJ3iGV3jzxt6L9+59zFsL3mLmGP7A+/wBwiGSGA==</latexit>

1

m1

<latexit sha1_base64="Nh7TLHkIWAHD9QsOwjc+3htkUJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBexGMug==</latexit>

0
<latexit sha1_base64="Nh7TLHkIWAHD9QsOwjc+3htkUJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBexGMug==</latexit>

0
<latexit sha1_base64="Nh7TLHkIWAHD9QsOwjc+3htkUJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBexGMug==</latexit>

0
<latexit sha1_base64="Nh7TLHkIWAHD9QsOwjc+3htkUJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBexGMug==</latexit>

0

<latexit sha1_base64="sPt5zFMtFZrmK4yzsY2e6HpymSQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ae0oWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZqDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbud+94kqzaR4MNOE+jGOBAsZwcZKnUGTRZE/rNbcupsDrRKvIDUo0BpWvwYjSdKYCkM41rrvuYnxM6wMI5zOKoNU0wSTCY5o31KBY6r9LL92hs6sMkKhVLaEQbn6eyLDsdbTOLCdMTZjvezNxf+8fmrCGz9jIkkNFWSxKEw5MhLNX0cjpigxfGoJJorZWxEZY4WJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0Qhju4=</latexit>#
<latexit sha1_base64="SYIXPJmFfhu4vD8FJ6Tb82h/axQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7AekoWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MOVMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WmCG0TyaXqhVhTzgRtG2Y47aWK4iTktBuOb2d+94kqzaR4MJOUBgmOBYsYwcZKnX6TxbE/qNbcujsHWiVeQWpQoDWofvWHkmQJFYZwrLXvuakJcqwMI5xOK/1M0xSTMY6pb6nACdVBPr92is6sMkSRVLaEQXP190SOE60nSWg7E2xGetmbif95fmaimyBnIs0MFWSxKMo4MhLNXkdDpigxfGIJJorZWxEZYYWJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0EZjuw=</latexit>"



Example: Two Blocks + Pendulum Free Body Diagrams

Block 1

Kinematics

Dynamics:

<latexit sha1_base64="Jl6U/80Y4OCqS/GzNhOvULJrz64=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh3Hf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVa9W9e4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD5y42Z</latexit>

k1
<latexit sha1_base64="rTF8T6tLw0pLZekIMTPHaz3r8sM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK1hbaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjLdYIhPdCajhUijeQoGSd1LNaRxI3g5GN1O//cS1EYl6wHHK/ZgOlIgEo2il+7Dv9as1t+7OQJaJV5AaFGj2q1+9MGFZzBUySY3pem6Kfk41Cib5pNLLDE8pG9EB71qqaMyNn89OnZATq4QkSrQthWSm/p7IaWzMOA5sZ0xxaBa9qfif180wuvJzodIMuWLzRVEmCSZk+jcJheYM5dgSyrSwtxI2pJoytOlUbAje4svL5PGs7l3UvbvzWuO6iKMMR3AMp+DBJTTgFprQAgYDeIZXeHOk8+K8Ox/z1pJTzBzCHzifP+8hjZI=</latexit>

d1

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="Pq8Y5lpI1WrAkKy2RY8QNCh0YLU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPBbY10</latexit>

F1

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="4UzQl73GG4I16IwPQBbBI2jdw7Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyqqMegF48RzQOSJcxOZpMh81hmZoWw5BO8eFDEq1/kzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTv3WE9WGKfloxwkNBR5IFjOCrZMeRO+8V674VX8GtEyCnFQgR71X/ur2FUkFlZZwbEwn8BMbZlhbRjidlLqpoQkmIzygHUclFtSE2ezUCTpxSh/FSruSFs3U3xMZFsaMReQ6BbZDs+hNxf+8Tmrj6zBjMkktlWS+KE45sgpN/0Z9pimxfOwIJpq5WxEZYo2JdemUXAjB4svLpHlWDS6rwf1FpXaTx1GEIziGUwjgCmpwB3VoAIEBPMMrvHnce/HevY95a8HLZw7hD7zPH//fjZ0=</latexit>m3

<latexit sha1_base64="Sv8BT+dsvuVxy/R+C35hx8Sczh0=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKe5KUC9C0IvHCOYB2TXMTnqTIbMPZnqVsOQ/vHhQxKv/4s2/cZLsQaMFDUVVN91dfiKFRtv+sgpLyyura8X10sbm1vZOeXevpeNUcWjyWMaq4zMNUkTQRIESOokCFvoS2v7oeuq3H0BpEUd3OE7AC9kgEoHgDI107+IQkNFL6ibipNYrV+yqPQP9S5ycVEiORq/86fZjnoYQIZdM665jJ+hlTKHgEiYlN9WQMD5iA+gaGrEQtJfNrp7QI6P0aRArUxHSmfpzImOh1uPQN50hw6Fe9Kbif143xeDCy0SUpAgRny8KUkkxptMIaF8o4CjHhjCuhLmV8iFTjKMJqmRCcBZf/ktap1XnrOrc1ir1qzyOIjkgh+SYOOSc1MkNaZAm4USRJ/JCXq1H69l6s97nrQUrn9knv2B9fAMP9ZGT</latexit>

✓ = ⇡/4

<latexit sha1_base64="OtFut2t1oeeBbCZBcPqXrEbV6x4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6p7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA9ejkE=</latexit>

`
<latexit sha1_base64="Xh4Xc41jus8oyAFvcAsLe257fk4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDv1W09MG67kgx0nLIjJQPKIU2Kd1Byga4T9XrniV/0Z0DLBOalAjnqv/NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ+jEKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gkgsBL768TJpnVXxRxffnldpNHkcRjuAYTgHDJdTgDurQAAqP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwDbNo4B</latexit>

g = 10

<latexit sha1_base64="MeeW59RNc5n/WcyFwX2ZwPWPS9A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MO7X+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH7T42a</latexit>

k2
<latexit sha1_base64="WVTk2Sa48NbWsCa+TxUceyC/rvA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWw2m3bpZhN2J0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTjDdZIhPdCajhUijeRIGSd1LNaRxI3g5GtzO//cS1EYl6xHHK/ZgOlIgEo2ilh7Bf65crbtWdg6wSLycVyNHol796YcKymCtkkhrT9dwU/QnVKJjk01IvMzylbEQHvGupojE3/mR+6pScWSUkUaJtKSRz9ffEhMbGjOPAdsYUh2bZm4n/ed0Mo2t/IlSaIVdssSjKJMGEzP4modCcoRxbQpkW9lbChlRThjadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwDO8wpsjnRfn3flYtBacfOYY/sD5/AHwpY2T</latexit>

d2

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="l5q9WZht3sUz+jWYFI33L+hwNxs=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD7Jf65crXtWbA68SPycVyNHol796g5imkilLBTGm63uJDTKiLaeCTUu91LCE0DEZsq6jikhmgmx+6hSfOWWAo1i7UhbP1d8TGZHGTGToOiWxI7PszcT/vG5qo+sg4ypJLVN0sShKBbYxnv2NB1wzasXEEUI1d7diOiKaUOvSKbkQ/OWXV0mrVvUvq/79RaV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwD+W42c</latexit>m2

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="Sv8BT+dsvuVxy/R+C35hx8Sczh0=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKe5KUC9C0IvHCOYB2TXMTnqTIbMPZnqVsOQ/vHhQxKv/4s2/cZLsQaMFDUVVN91dfiKFRtv+sgpLyyura8X10sbm1vZOeXevpeNUcWjyWMaq4zMNUkTQRIESOokCFvoS2v7oeuq3H0BpEUd3OE7AC9kgEoHgDI107+IQkNFL6ibipNYrV+yqPQP9S5ycVEiORq/86fZjnoYQIZdM665jJ+hlTKHgEiYlN9WQMD5iA+gaGrEQtJfNrp7QI6P0aRArUxHSmfpzImOh1uPQN50hw6Fe9Kbif143xeDCy0SUpAgRny8KUkkxptMIaF8o4CjHhjCuhLmV8iFTjKMJqmRCcBZf/ktap1XnrOrc1ir1qzyOIjkgh+SYOOSc1MkNaZAm4USRJ/JCXq1H69l6s97nrQUrn9knv2B9fAMP9ZGT</latexit>

✓ = ⇡/4

<latexit sha1_base64="OtFut2t1oeeBbCZBcPqXrEbV6x4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6p7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA9ejkE=</latexit>

`

<latexit sha1_base64="VR+ZOchMFpo5vD/og6TLjqdqvjw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh9te0itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMg+I2z</latexit>

Fp

<latexit sha1_base64="gg+Bkn7RnYX4BoCQllMUcLQ+tYg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btbhJ2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4bua3n1BpHkcPZpKgL+kw4iFn1FipIfvlilt15yCrxMtJBXLU++Wv3iBmqcTIMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtjahE7WfzQ6fkzCoDEsbKVmTIXP09kVGp9UQGtlNSM9LL3kz8z+umJrzxMx4lqcGILRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB14WM9w==</latexit>m

<latexit sha1_base64="Xh4Xc41jus8oyAFvcAsLe257fk4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDv1W09MG67kgx0nLIjJQPKIU2Kd1Byga4T9XrniV/0Z0DLBOalAjnqv/NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ+jEKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gkgsBL768TJpnVXxRxffnldpNHkcRjuAYTgHDJdTgDurQAAqP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwDbNo4B</latexit>

g = 10

<latexit sha1_base64="Pq8Y5lpI1WrAkKy2RY8QNCh0YLU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPBbY10</latexit>

F1<latexit sha1_base64="skeX6jq2/J2zA/jYJKe14f0nR54=">AAACAXicbZDLSgMxFIbPeK31NupGcBMsggspMyLqsujGZQV7gXYYMmnahmYuJGfEMtSNr+LGhSJufQt3vo1pOwtt/SHw8Z9zkpw/SKTQ6Djf1sLi0vLKamGtuL6xubVt7+zWdZwqxmsslrFqBlRzKSJeQ4GSNxPFaRhI3ggG1+N6454rLeLoDocJ90Lai0RXMIrG8u39B989Ie1OjCSnHH275JSdicg8uDmUIFfVt7/MLSwNeYRMUq1brpOgl1GFgkk+KrZTzRPKBrTHWwYjGnLtZZMNRuTIOB3SjZU5EZKJ+3sio6HWwzAwnSHFvp6tjc3/aq0Uu5deJqIkRR6x6UPdVBKMyTgO0hGKM5RDA5QpYf5KWJ8qytCEVjQhuLMrz0P9tOyel93bs1LlKo+jAAdwCMfgwgVU4AaqUAMGj/AMr/BmPVkv1rv1MW1dsPKZPfgj6/MH2liVOw==</latexit>

x1, ẋ1, ẍ1

Block 2
<latexit sha1_base64="QTvPlFewujsBhR+uv1nPt/0Uqxg=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYBBdSZoqoy6IblxXsBdphyKSZNjSTGZIzYhnqxldx40IRt76FO9/GtJ2Ftv4Q+PjPOUnOHySCa3Ccb6uwtLyyulZcL21sbm3v2Lt7TR2nirIGjUWs2gHRTHDJGsBBsHaiGIkCwVrB8HpSb90zpXks72CUMC8ifclDTgkYy7cPHvzqKe72YsA55ejbZafiTIUXwc2hjHLVffvL3ELTiEmggmjdcZ0EvIwo4FSwcambapYQOiR91jEoScS0l003GONj4/RwGCtzJOCp+3siI5HWoygwnRGBgZ6vTcz/ap0Uwksv4zJJgUk6eyhMBYYYT+LAPa4YBTEyQKji5q+YDogiFExoJROCO7/yIjSrFfe84t6elWtXeRxFdIiO0Aly0QWqoRtURw1E0SN6Rq/ozXqyXqx362PWWrDymX30R9bnD98ElT4=</latexit>

x2, ẋ2, ẍ2

Pendulum

<latexit sha1_base64="s5EoyW8rmnT70NWAvY1F2lZZUiI=">AAACAXicbVDLSgNBEJz1GeNr1YvgZTAIXgy7IupFCHrxGME8ILsss5NOMmT2wUyvEEK8+CtePCji1b/w5t84SfagiQUNRVU33V1hKoVGx/m2FhaXlldWC2vF9Y3NrW17Z7euk0xxqPFEJqoZMg1SxFBDgRKaqQIWhRIaYf9m7DceQGmRxPc4SMGPWDcWHcEZGimw9wdBSq/oCfVASurxRFMPe4AssEtO2ZmAzhM3JyWSoxrYX1474VkEMXLJtG65Tor+kCkUXMKo6GUaUsb7rAstQ2MWgfaHkw9G9MgobdpJlKkY6UT9PTFkkdaDKDSdEcOenvXG4n9eK8POpT8UcZohxHy6qJNJigkdx0HbQgFHOTCEcSXMrZT3mGIcTWhFE4I7+/I8qZ+W3fOye3dWqlzncRTIATkkx8QlF6RCbkmV1Agnj+SZvJI368l6sd6tj2nrgpXP7JE/sD5/AHFQlZ8=</latexit>

yp = �` cos ✓
<latexit sha1_base64="Wo0SVK2iyMPOjg76nvQoGtXfINs=">AAACEnicbZDLSgMxFIYz9VbrrerSTbAIuikzIupGKLpxWcFeoFNKJj1tQzOZITkjlKHP4MZXceNCEbeu3Pk2ptMutPWHwMd/zkly/iCWwqDrfju5peWV1bX8emFjc2t7p7i7VzdRojnUeCQj3QyYASkU1FCghGasgYWBhEYwvJnUGw+gjYjUPY5iaIesr0RPcIbW6hRP/G6E6WjciekVzdjHASAbUx+kpL4Rik6dTrHklt1MdBG8GZTITNVO8cvex5MQFHLJjGl5boztlGkUXMK44CcGYsaHrA8ti4qFYNppttKYHlmnS3uRtkchzdzfEykLjRmFge0MGQ7MfG1i/ldrJdi7bKdCxQmC4tOHeomkGNFJPrQrNHCUIwuMa2H/SvmAacbRpliwIXjzKy9C/bTsnZe9u7NS5XoWR54ckENyTDxyQSrkllRJjXDySJ7JK3lznpwX5935mLbmnNnMPvkj5/MHLJOdyQ==</latexit>

ẏp = ✓̇` sin ✓
<latexit sha1_base64="vKSK0Z3oGqSiVA9FrqLFuepDuHc=">AAACNnicbVDLSgMxFM34rPVVdekmWARBKDMi6kYounEjVLAP6NSSSW/b0ExmSO4IZehXufE73HXjQhG3foJpO+DzQuDknHNvck8QS2HQdcfO3PzC4tJybiW/ura+sVnY2q6ZKNEcqjySkW4EzIAUCqooUEIj1sDCQEI9GFxO9Po9aCMidYvDGFoh6ynRFZyhpdqFa7/TiTAdjtoxPaezi499QDaiPkhJfSMUnTH00Bq+9LujzMEjkznahaJbcqdF/wIvA0WSVaVdeLITeRKCQi6ZMU3PjbGVMo2CSxjl/cRAzPiA9aBpoWIhmFY6XXtE9y3Tod1I26OQTtnvHSkLjRmGgXWGDPvmtzYh/9OaCXbPWqlQcYKg+OyhbiIpRnSSIe0IDRzl0ALGtbB/pbzPNONok87bELzfK/8FtaOSd1Lybo6L5YssjhzZJXvkgHjklJTJFamQKuHkgYzJC3l1Hp1n5815n1nnnKxnh/wo5+MT+WmsDQ==</latexit>

ÿp = ✓̈` sin ✓ + ✓̇2` cos ✓

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="/rZAd4lc2G6FCQIDhVAWkVLUlxw=">AAAB/3icbVDLSgMxFL1TX7W+RgU3boJFqAvLTBF1IxQFcVnBPqAdhkyaaUMzD5KMtIxd+CtuXCji1t9w59+YtrPQ6oF7OZxzL7k5XsyZVJb1ZeQWFpeWV/KrhbX1jc0tc3unIaNEEFonEY9Ey8OSchbSumKK01YsKA48Tpve4GriN++pkCwK79Qopk6AeyHzGcFKS665d+2mA7cyvtCtNHQr6BgNXfvINYtW2ZoC/SV2RoqQoeaan51uRJKAhopwLGXbtmLlpFgoRjgdFzqJpDEmA9yjbU1DHFDppNP7x+hQK13kR0JXqNBU/bmR4kDKUeDpyQCrvpz3JuJ/XjtR/rmTsjBOFA3J7CE/4UhFaBIG6jJBieIjTTARTN+KSB8LTJSOrKBDsOe//Jc0KmX7tGzfnhSrl1kcediHAyiBDWdQhRuoQR0IPMATvMCr8Wg8G2/G+2w0Z2Q7u/ALxsc3DJWULg==</latexit>

Fk2 = k2(x2 � x1)
<latexit sha1_base64="59P3Xqa0/IQN/2gVvk8rkEHi5SU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0y5JN0zY2myxJVixL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJYIb6/vfXmFldW19o7hZ2tre2d0r7x80jUo1ZQ2qhNLtiBgmuGQNy61g7UQzEkeCtaLRzdRvPTJtuJL3dpywICYDyfucEuuk5ijETyEOyxW/6s+AlgnOSQVy1MPyV7enaBozaakgxnSwn9ggI9pyKtik1E0NSwgdkQHrOCpJzEyQza6doBOn9FBfaVfSopn6eyIjsTHjOHKdMbFDs+hNxf+8Tmr7V0HGZZJaJul8UT8VyCo0fR31uGbUirEjhGrubkV0SDSh1gVUciHgxZeXSfOsii+q+O68UrvO4yjCERzDKWC4hBrcQh0aQOEBnuEV3jzlvXjv3se8teDlM4fwB97nD/0Hjr8=</latexit>

k1x1
<latexit sha1_base64="Z7gKJTPt9jmMOeI76gjFSuR0yCU=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqkxE1GXRjcsKthbaYchkMm1o5kFyRyylv+HGhSJu/Rl3/o1pOwttPRA4nHMP9+YEmZIGXffbKa2srq1vlDcrW9s7u3vV/YO2SXPNRYunKtWdgBmhZCJaKFGJTqYFiwMlHoLhzdR/eBTayDS5x1EmvJj1ExlJztBKvdCnpBemSJ586ldrbt2dgSwTWpAaFGj61S8b5XksEuSKGdOlbobemGmUXIlJpZcbkTE+ZH3RtTRhsTDeeHbzhJxYJSRRqu1LkMzU34kxi40ZxYGdjBkOzKI3Ff/zujlGV95YJlmOIuHzRVGuCKZkWgAJpRYc1cgSxrW0txI+YJpxtDVVbAl08cvLpH1Wpxd1endea1wXdZThCI7hFChcQgNuoQkt4JDBM7zCm5M7L8678zEfLTlF5hD+wPn8AbwxkNc=</latexit>

d1ẋ1
<latexit sha1_base64="3hEhl1tX+kNSTO8t0C8XHA5tNiY=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksQl1YkiLqsujGZQV7gTaEyWTSDp1cmJmIJRQ3voobF4q49Snc+TZO2yy09YeBj/+cw5nzewlnUlnWt1FYWl5ZXSuulzY2t7Z3zN29loxTQWiTxDwWHQ9LyllEm4opTjuJoDj0OG17w+tJvX1PhWRxdKdGCXVC3I9YwAhW2nLNA9+toUrPjxV60HSKcrRPXLNsVa2p0CLYOZQhV8M1v/QsSUMaKcKxlF3bSpSTYaEY4XRc6qWSJpgMcZ92NUY4pNLJpieM0bF2fBTEQr9Ioan7eyLDoZSj0NOdIVYDOV+bmP/VuqkKLp2MRUmqaERmi4KUIxWjSR7IZ4ISxUcaMBFM/xWRARaYKJ1aSYdgz5+8CK1a1T6v2rdn5fpVHkcRDuEIKmDDBdThBhrQBAKP8Ayv8GY8GS/Gu/Exay0Y+cw+/JHx+QO565UV</latexit>

d2(ẋ2 � ẋ1)

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="Sv8BT+dsvuVxy/R+C35hx8Sczh0=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKe5KUC9C0IvHCOYB2TXMTnqTIbMPZnqVsOQ/vHhQxKv/4s2/cZLsQaMFDUVVN91dfiKFRtv+sgpLyyura8X10sbm1vZOeXevpeNUcWjyWMaq4zMNUkTQRIESOokCFvoS2v7oeuq3H0BpEUd3OE7AC9kgEoHgDI107+IQkNFL6ibipNYrV+yqPQP9S5ycVEiORq/86fZjnoYQIZdM665jJ+hlTKHgEiYlN9WQMD5iA+gaGrEQtJfNrp7QI6P0aRArUxHSmfpzImOh1uPQN50hw6Fe9Kbif143xeDCy0SUpAgRny8KUkkxptMIaF8o4CjHhjCuhLmV8iFTjKMJqmRCcBZf/ktap1XnrOrc1ir1qzyOIjkgh+SYOOSc1MkNaZAm4USRJ/JCXq1H69l6s97nrQUrn9knv2B9fAMP9ZGT</latexit>

✓ = ⇡/4

<latexit sha1_base64="VR+ZOchMFpo5vD/og6TLjqdqvjw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh9te0itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMg+I2z</latexit>

Fp

<latexit sha1_base64="/rZAd4lc2G6FCQIDhVAWkVLUlxw=">AAAB/3icbVDLSgMxFL1TX7W+RgU3boJFqAvLTBF1IxQFcVnBPqAdhkyaaUMzD5KMtIxd+CtuXCji1t9w59+YtrPQ6oF7OZxzL7k5XsyZVJb1ZeQWFpeWV/KrhbX1jc0tc3unIaNEEFonEY9Ey8OSchbSumKK01YsKA48Tpve4GriN++pkCwK79Qopk6AeyHzGcFKS665d+2mA7cyvtCtNHQr6BgNXfvINYtW2ZoC/SV2RoqQoeaan51uRJKAhopwLGXbtmLlpFgoRjgdFzqJpDEmA9yjbU1DHFDppNP7x+hQK13kR0JXqNBU/bmR4kDKUeDpyQCrvpz3JuJ/XjtR/rmTsjBOFA3J7CE/4UhFaBIG6jJBieIjTTARTN+KSB8LTJSOrKBDsOe//Jc0KmX7tGzfnhSrl1kcediHAyiBDWdQhRuoQR0IPMATvMCr8Wg8G2/G+2w0Z2Q7u/ALxsc3DJWULg==</latexit>

Fk2 = k2(x2 � x1)

<latexit sha1_base64="3hEhl1tX+kNSTO8t0C8XHA5tNiY=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksQl1YkiLqsujGZQV7gTaEyWTSDp1cmJmIJRQ3voobF4q49Snc+TZO2yy09YeBj/+cw5nzewlnUlnWt1FYWl5ZXSuulzY2t7Z3zN29loxTQWiTxDwWHQ9LyllEm4opTjuJoDj0OG17w+tJvX1PhWRxdKdGCXVC3I9YwAhW2nLNA9+toUrPjxV60HSKcrRPXLNsVa2p0CLYOZQhV8M1v/QsSUMaKcKxlF3bSpSTYaEY4XRc6qWSJpgMcZ92NUY4pNLJpieM0bF2fBTEQr9Ioan7eyLDoZSj0NOdIVYDOV+bmP/VuqkKLp2MRUmqaERmi4KUIxWjSR7IZ4ISxUcaMBFM/xWRARaYKJ1aSYdgz5+8CK1a1T6v2rdn5fpVHkcRDuEIKmDDBdThBhrQBAKP8Ayv8GY8GS/Gu/Exay0Y+cw+/JHx+QO565UV</latexit>

d2(ẋ2 � ẋ1)

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="s9YKeFST7Eb7NgdZIhziouS+atM=">AAACBXicbVDLSgNBEJyNrxhfUY96GAyCIITdIOpFCHrxGME8IBuW2UnHDJmdXWZ6JSHk4sVf8eJBEa/+gzf/xsnjoMaChqKqm+6uMJHCoOt+OZmFxaXllexqbm19Y3Mrv71TM3GqOVR5LGPdCJkBKRRUUaCERqKBRaGEeti7Gvv1e9BGxOoWBwm0InanREdwhlYK8vv9IKEXtB+U6DH1QUrqG6Goj11AFuQLbtGdgM4Tb0YKZIZKkP/02zFPI1DIJTOm6bkJtoZMo+ASRjk/NZAw3mN30LRUsQhMazj5YkQPrdKmnVjbUkgn6s+JIYuMGUSh7YwYds1fbyz+5zVT7Jy3hkIlKYLi00WdVFKM6TgS2hYaOMqBJYxrYW+lvMs042iDy9kQvL8vz5NaqeidFr2bk0L5chZHluyRA3JEPHJGyuSaVEiVcPJAnsgLeXUenWfnzXmftmac2cwu+QXn4xvpuJby</latexit>

xp = x2 + ` sin ✓
<latexit sha1_base64="70/M1tpzTnvpUZRkyCkG4+G9vR8=">AAACG3icbZDLSgMxFIYz9VbrbdSlm2ARBKHMFFE3QtGNywr2Ap2hZNLTNjRzITkjltL3cOOruHGhiCvBhW9j2s5CW38IfPznnCTnDxIpNDrOt5VbWl5ZXcuvFzY2t7Z37N29uo5TxaHGYxmrZsA0SBFBDQVKaCYKWBhIaASD60m9cQ9Kizi6w2ECfsh6kegKztBYbbvsdWKkD+2EXtIMy/Rkhh72ARn1QErq8VhnRtsuOiVnKroIbgZFkqnatj/NdTwNIUIumdYt10nQHzGFgksYF7xUQ8L4gPWgZTBiIWh/NN1tTI+M06HdWJkTIZ26vydGLNR6GAamM2TY1/O1iflfrZVi98IfiShJESI+e6ibSooxnQRFO0IBRzk0wLgS5q+U95liHE2cBROCO7/yItTLJfes5N6eFitXWRx5ckAOyTFxyTmpkBtSJTXCySN5Jq/kzXqyXqx362PWmrOymX3yR9bXDyAan6Q=</latexit>

ẋp = ẋ2 + ✓̇` cos ✓
<latexit sha1_base64="Zmprx9N0Eaj+QweIFWY8t9NELaI=">AAACP3icbZBNSwMxEIazftb6VfXoJVgEQSy7RdSLIHrxWMFWobsu2XRqg9nsksyKpfjPvPgXvHn14kERr95M6yraOhB4eN+ZJPNGqRQGXffRGRufmJyaLswUZ+fmFxZLS8sNk2SaQ50nMtHnETMghYI6CpRwnmpgcSThLLo66vtn16CNSNQpdlMIYnapRFtwhlYKSw2/1UqQ3oQp3affXKWbOfvYAWTUBympzxPzLWxZ/8e+qOYNRqhcCktlt+IOio6Cl0OZ5FULSw/2Qp7FoJBLZkzTc1MMekyj4BJui35mIGX8il1C06JiMZigN9j/lq5bpUXbibZHIR2ovyd6LDamG0e2M2bYMcNeX/zPa2bY3gt6QqUZguJfD7UzSTGh/TBpS2jgKLsWGNfC/pXyDtOMo428aEPwhlcehUa14u1UvJPt8sFhHkeBrJI1skE8sksOyDGpkTrh5I48kRfy6tw7z86b8/7VOubkMyvkTzkfn3rarXs=</latexit>

ẍp = ẍ2 + ✓̈` cos ✓ � ✓̇2` sin ✓

<latexit sha1_base64="0UvdONimD/3SMd4Dk7RFyBmNMkg=">AAACLnicbVDLSsNAFJ34rPVVdelmsAiuSiKiLosiuKxgq9CUMJnctIOTSZi5EUvwi9z4K7oQVMStn+H04dsDA+eeew9z7wkzKQy67qMzMTk1PTNbmivPLywuLVdWVlsmzTWHJk9lqs9DZkAKBU0UKOE808CSUMJZeHE46J9dgjYiVafYz6CTsK4SseAMrRRUjvwQukIVYcJQi6vrsh9FKdKrwKO+Tz+K7a/Cxx4go2UfVPTpCipVt+YOQf8Sb0yqZIxGULn3o5TnCSjkkhnT9twMOwXTKLgEu0VuIGP8gnWhbaliCZhOMTz3mm5aJaJxqu1TSIfqd0fBEmP6SWgn7X4987s3EP/rtXOM9zuFUFmOoPjooziXFFM6yI5GQgNH2beEcS3srpT3mGYcbcJlG4L3++S/pLVd83Zr3slOtX4wjqNE1skG2SIe2SN1ckwapEk4uSF35Ik8O7fOg/PivI5GJ5yxZ438gPP2Dqn+qFE=</latexit>2

4
ẍ1

ẍ2

✓̈

3

5

<latexit sha1_base64="69S4UoU2OTRz9Z/TU262jzltLME="></latexit>2

4
m1 0 0
0 (m2 +m3) m3` cos ✓
0 m3` cos ✓ m3`2

3

5
<latexit sha1_base64="fktkf7e37s5ZsJjxRobER+EnYsg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHq5Jr1xxq+4MZJl4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbphJxYpU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+jbpc4XMiLEllClubyVsSBVlxoZTsiF4iy8vk+ZZ1buoevfnldpNHkcRjuAYTsGDS6jBHdShAQxCeIZXeHNGzovz7nzMWwtOPnMIf+B8/gDkZozx</latexit>=

<latexit sha1_base64="cD4k4KNzpmj/EC8Ge0xqniELPZI=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiGzdCBfvAtpRMeqcNzWSGJCOUoX/hxoUibv0bd/6NmXYW2nogcDjnXnLu8WPBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpKFMMGi0Sk2j7VKLjEhuFGYDtWSENfYMsf32R+6wmV5pF8MJMYeyEdSh5wRo2VHrshNSM/SO+m/XLFrbozkGXi5aQCOer98ld3ELEkRGmYoFp3PDc2vZQqw5nAaambaIwpG9MhdiyVNETdS2eJp+TEKgMSRMo+achM/b2R0lDrSejbySyhXvQy8T+vk5jgqpdyGScGJZt/FCSCmIhk55MBV8iMmFhCmeI2K2EjqigztqSSLcFbPHmZNM+q3kXVuz+v1K7zOopwBMdwCh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxHC06+cwh/4Hz+AL3akPc=</latexit>

M <latexit sha1_base64="Uj6nJ3AsEVHd4YV8iSLkuEEseJM=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EcRSEGZ32qzW37s5AlolXkBoUaParX71BzNKIK2SSGtP13AT9jGoUTPJppZcanlA2pkPetVTRiBs/myWekhOrDEgYa/sUkpn6eyOjkTGTKLCTeUKz6OXif143xfDKz4RKUuSKzT8KU0kwJvn5ZCA0ZygnllCmhc1K2IhqytCWVLEleIsnL5P2Wd27qHt357XGdVFHGY7gGE7Bg0towC00oQUMFDzDK7w5xnlx3p2P+WjJKXYO4Q+czx/cPpEL</latexit>a
<latexit sha1_base64="sZ49ajG7bco8ZWSalhiKsP33yl4=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiIC4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4WV1bX1jeJmaWt7Z3evvH/Q1FGiGDZYJCLV9qlGwSU2DDcC27FCGvoCW/74JvNbT6g0j+SDmcTYC+lQ8oAzaqz02A2pGflBejvtlytu1Z2BLBMvJxXIUe+Xv7qDiCUhSsME1brjubHppVQZzgROS91EY0zZmA6xY6mkIepeOks8JSdWGZAgUvZJQ2bq742UhlpPQt9OZgn1opeJ/3mdxARXvZTLODEo2fyjIBHERCQ7nwy4QmbExBLKFLdZCRtRRZmxJZVsCd7iycukeVb1Lqre/Xmldp3XUYQjOIZT8OASanAHdWgAAwnP8ApvjnZenHfnYz5acPKdQ/gD5/MHszeQ8A==</latexit>

F
<latexit sha1_base64="l2Ugl02wXDnbzBSKXsioGAyh6Dw=">AAACD3icbVDLSgMxFL1TX7W+Rl26CRbFjWVGRN0IRUHcCBXsA9qxZNJMG5p5kGSEMswfuPFX3LhQxK1bd/6NmT5AWw8Ezj3nXnLvcSPOpLKsbyM3N7+wuJRfLqysrq1vmJtbNRnGgtAqCXkoGi6WlLOAVhVTnDYiQbHvclp3+5eZX3+gQrIwuFODiDo+7gbMYwQrLbXN/ZaPVc/1EpyiczQpbtL75NBOJ+VV2jaLVskaAs0Se0yKMEalbX61OiGJfRoowrGUTduKlJNgoRjhNC20YkkjTPq4S5uaBtin0kmG96RoTysd5IVCv0Chofp7IsG+lAPf1Z3ZhnLay8T/vGasvDMnYUEUKxqQ0UdezJEKURYO6jBBieIDTTARTO+KSA8LTJSOsKBDsKdPniW1o5J9UrJvj4vli3EcediBXTgAG06hDNdQgSoQeIRneIU348l4Md6Nj1FrzhjPbMMfGJ8//aucpA==</latexit>

a = M�1F

<latexit sha1_base64="5etlQgqY64WGu+17OmqAUVi3uDo=">AAAB+nicbVDLSgMxFM34rPU11aWbYBEqSJkRUTdC0Y3LCvYB7VAyaaYNzWSG5I7Sjv0UNy4UceuXuPNvTNtZaOuBC4dz7k3uPX4suAbH+baWlldW19ZzG/nNre2dXbuwV9dRoiir0UhEqukTzQSXrAYcBGvGipHQF6zhD24mfuOBKc0jeQ/DmHkh6UkecErASB270O5GkI7G+AoHpdFJcow7dtEpO1PgReJmpIgyVDv2l3mDJiGTQAXRuuU6MXgpUcCpYON8O9EsJnRAeqxlqCQh0146XX2Mj4zSxUGkTEnAU/X3REpCrYehbzpDAn09703E/7xWAsGll3IZJ8AknX0UJAJDhCc54C5XjIIYGkKo4mZXTPtEEQomrbwJwZ0/eZHUT8vuedm9OytWrrM4cugAHaISctEFqqBbVEU1RNEjekav6M16sl6sd+tj1rpkZTP76A+szx+IMpLf</latexit>

ż = f(z, u)
<latexit sha1_base64="zqBZPsCuMyo5Ic9hyNyOLEIEggQ=">AAACLHicbZBLSwMxEMezPmt9rXr0EiyCp7JbRL0IxV48VugLtuuSTdM2NPsgmRVr6Qfy4lcRxINFvPo5zLaraOtAhh///0ySGT8WXIFlTYyl5ZXVtfXcRn5za3tn19zbb6gokZTVaSQi2fKJYoKHrA4cBGvFkpHAF6zpDyqp37xjUvEorMEwZm5AeiHvckpAS55ZecCX2Gnje8/GaS7p3IY+A5JCJ4LMybD0jT817m3NMwtW0ZoGXgQ7gwLKouqZL/oOmgQsBCqIUo5txeCOiAROBRvn24liMaED0mOOxpAETLmj6bBjfKyVDu5GUp8Q8FT93TEigVLDwNeVAYG+mvdS8T/PSaB74Y54GCfAQjp7qJsIDBFON4c7XDIKYqiBUMn1XzHtE0ko6P3m9RLs+ZEXoVEq2mdF++a0UL7K1pFDh+gInSAbnaMyukZVVEcUPaJn9IYmxpPxarwbH7PSJSPrOUB/wvj8AnIupCM=</latexit>

z = [ x1 x2 ✓ ẋ1 ẋ2 ✓̇ ]T
<latexit sha1_base64="LLIhNCty/P7nY1UjVN+9OCxP604=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWwVVJiqgboSiIywp9CGkMk+mkHTp5MDMRSujGX3HjQhG3foY7/8ZJm4W2HpjL4Zx7uXOPn3AmlWV9G6Wl5ZXVtfJ6ZWNza3vH3N3ryDgVhLZJzGNx72NJOYtoWzHF6X0iKA59Trv+6Dr3u49USBZHLTVOqBviQcQCRrDSkmcepAhdIqeHbjwb5bWuq/vQ8syqVbOmQIvELkgVCjQ986vXj0ka0kgRjqV0bCtRboaFYoTTSaWXSppgMsID6mga4ZBKN5seMEHHWumjIBb6RQpN1d8TGQ6lHIe+7gyxGsp5Lxf/85xUBRduxqIkVTQis0VBypGKUZ4G6jNBieJjTTARTP8VkSEWmCidWUWHYM+fvEg69Zp9VrPvTquNqyKOMhzCEZyADefQgFtoQhsITOAZXuHNeDJejHfjY9ZaMoqZffgD4/MH+jSTdA==</latexit>

u = [ F1 F2 ]T

Linearization:

<latexit sha1_base64="76amL2JspmCy2rLGs73VujnDtKE=">AAACCnicbZDLSsNAFIZPvNZ6q7p0M1oEVyURUTdC0Y3LCvYCTSiT6aQdOpmEmYlQQtZufBU3LhRx6xO4822ctAG19YeBj/+cMzPn92POlLbtL2thcWl5ZbW0Vl7f2NzaruzstlSUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj67zevueSsUicafHMfVCPBAsYARrY/UqB24gMUndGEvNMEdB9sNJhi5RuVep2jV7IjQPTgFVKNToVT7dfkSSkApNOFaq69ix9tL8UsJpVnYTRWNMRnhAuwYFDqny0skqGToyTh8FkTRHaDRxf0+kOFRqHPqmM8R6qGZruflfrZvo4MJLmYgTTQWZPhQkHOkI5bmgPpOUaD42gIlk5q+IDLHJRpv08hCc2ZXnoXVSc85qzu1ptX5VxFGCfTiEY3DgHOpwAw1oAoEHeIIXeLUerWfrzXqfti5Yxcwe/JH18Q16mJoX</latexit>

@f

@u
=

<latexit sha1_base64="RtKOTngD9rifF7k3Gj1cs03x1l0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ae0oWy2m3TpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvSKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuBdRwKRRvo0DJe6nmNA4k7waT27nffeTaiEQ94DTlfkwjJULBKFqpO2iKKPIrw2rNrbsLkL/EK0gNCrSG1c/BKGFZzBUySY3pe26Kfk41Cib5rDLIDE8pm9CI9y1VNObGzxfnzsiZVUYkTLQthWSh/pzIaWzMNA5sZ0xxbFa9ufif188wvPFzodIMuWLLRWEmCSZk/jsZCc0ZyqkllGlhbyVsTDVlaBOah+CtvvyXdC7q3lXdu7+sNZpFHGU4gVM4Bw+uoQF30II2MJjAE7zAq5M6z86b875sLTnFzDH8gvPxDXppjwI=</latexit>#<latexit sha1_base64="OFT1QrjM7FBepu6eDXOWyf7v98g=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7AekoWy2m3TpZrPsboQS+iO8eFDEq7/Hm//GTZuDVh8MPN6bYWZeKDnTxnW/nMra+sbmVnW7trO7t39QPzzq6TRThHZJylM1CLGmnAnaNcxwOpCK4iTktB9Obwu//0iVZql4MDNJgwTHgkWMYGOl/rDN4tivjeoNt+kugP4SryQNKNEZ1T+H45RkCRWGcKy177nSBDlWhhFO57VhpqnEZIpj6lsqcEJ1kC/OnaMzq4xRlCpbwqCF+nMix4nWsyS0nQk2E73qFeJ/np+Z6CbImZCZoYIsF0UZRyZFxe9ozBQlhs8swUQxeysiE6wwMTahIgRv9eW/pHfR9K6a3v1lo9Uu46jCCZzCOXhwDS24gw50gcAUnuAFXh3pPDtvzvuyteKUM8fwC87HN3dfjwA=</latexit>"
<latexit sha1_base64="vqy2hewhAwaT2yQgQB0Vf5jcR+o=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByl/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgOIwyb1YZVGte3ZvDXSV+QWpQoDmofvWHiqYxk0gFMabnewkGGdHIqWCzSj81LCF0QkasZ6kkMTNBNo88c8+sMnQjpe2T6M7V3xsZiY2ZxqGdzCOaZS8X//N6KUY3QcZlkiKTdPFRlAoXlZvf7w65ZhTF1BJCNbdZXTommlC0LeUl+Msnr5L2Rd2/qvsPl7XGbVFHGU7gFM7Bh2towD00oQUUFDzDK7w56Lw4787HYrTkFDvH8AfO5w/J3ZDu</latexit>

0
<latexit sha1_base64="aogRUODmXTC1yzc0egwjmfrd+3w=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF71VsLaQlrLZbtqlm03YfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bIJHCoOt+O6WV1bX1jfJmZWt7Z3evun/waOJUM95isYx1J6CGS6F4CwVK3kk0p1EgeTsY3+R++4lrI2L1gJOE9yI6VCIUjKKV/G5EcRSE2d200q/W3Lo7A1kmXkFqUKDZr351BzFLI66QSWqM77kJ9jKqUTDJp5VuanhC2ZgOuW+pohE3vWwWeUpOrDIgYaztU0hm6u+NjEbGTKLATuYRzaKXi/95forhVS8TKkmRKzb/KEwlwZjk95OB0JyhnFhCmRY2K2EjqilD21Jegrd48jJ5PKt7F3Xv/rzWuC7qKMMRHMMpeHAJDbiFJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kD7/ORBw==</latexit>

I
<latexit sha1_base64="qsDcRLoEFT+YK7MLPDZFOUmA5FM=">AAACCnicbZDLSsNAFIZP6q3WW9Slm9EiuCqJiLoRim5cVrAXaEKZTCft0MmFmYlQQ9ZufBU3LhRx6xO4822ctAG19YeBj/+cMzPn92LOpLKsL6O0sLi0vFJeraytb2xumds7LRklgtAmiXgkOh6WlLOQNhVTnHZiQXHgcdr2Rld5vX1HhWRReKvGMXUDPAiZzwhW2uqZ+44vMEmdGAvFMEd+9sP3GbpAlZ5ZtWrWRGge7AKqUKjRMz+dfkSSgIaKcCxl17Zi5ab5pYTTrOIkksaYjPCAdjWGOKDSTSerZOhQO33kR0KfUKGJ+3sixYGU48DTnQFWQzlby83/at1E+eduysI4UTQk04f8hCMVoTwX1GeCEsXHGjARTP8VkSHW2SidXh6CPbvyPLSOa/Zpzb45qdYvizjKsAcHcAQ2nEEdrqEBTSDwAE/wAq/Go/FsvBnv09aSUczswh8ZH9+CRZoc</latexit>

@f

@z
=

<latexit sha1_base64="ev1RuRqzk57eMZd1Y7Lj8nUwuko=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoioh6LXjxWsR/QhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+Nm7YHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj29xvPaHSPJaPZpygH9GB5CFn1Fjp4azUK1fcqjsFWSbenFRgjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHrphJxYpU/CWNmShkzV3xMZjbQeR4HtjKgZ6kUvF//zOqkJr/2MyyQ1KNlsUZgKYmKSv036XCEzYmwJZYrbWwkbUkWZseHkIXiLLy+T5nnVu6x69xeV2s08jiIcwTGcggdXUIM7qEMDGITwDK/w5oycF+fd+Zi1Fpz5zCH8gfP5A6e0jMk=</latexit>

+
<latexit sha1_base64="Vlopfzi1oY7yOKugZNl3d0G/Qvk=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIqMuiGzdCBfuANpbJdNIOnUzCzKRQQv7EjQtF3Pon7vwbJ20W2npg4HDOvdwzx485U9pxvq3Syura+kZ5s7K1vbO7Z+8ftFSUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj29zvz2hUrFIPOppTL0QDwULGMHaSH3b7oVYj/wgvc+e0jM3q/TtqlNzZkDLxC1IFQo0+vZXbxCRJKRCE46V6rpOrL0US80Ip1mllygaYzLGQ9o1VOCQKi+dJc/QiVEGKIikeUKjmfp7I8WhUtPQN5N5TrXo5eJ/XjfRwbWXMhEnmgoyPxQkHOkI5TWgAZOUaD41BBPJTFZERlhiok1ZeQnu4peXSeu85l7W3IeLav2mqKMMR3AMp+DCFdThDhrQBAITeIZXeLNS68V6tz7moyWr2DmEP7A+fwDVXpMi</latexit>

M�1
<latexit sha1_base64="w9lB2+tOBZqM5coYA45SpDAYhCg=">AAACJHicbVDLSsNAFJ3UV62vqEs3g0WoiCURUcFNURA3QgX7gCaWyXTSDp08mJkIbcjHuPFX3LjwgQs3fouTNvhoPTBwOPfcO/ceJ2RUSMP40HIzs3PzC/nFwtLyyuqavr5RF0HEManhgAW86SBBGPVJTVLJSDPkBHkOIw2nf57WG3eECxr4N3IQEttDXZ+6FCOppLZ+ugctD8me48ZXSWm4exvvm4nlcoRjK0RcUsS+DRdJ8iMOE9jWi0bZGAFOEzMjRZCh2tZfrU6AI4/4EjMkRMs0QmnH6UTMSFKwIkFChPuoS1qK+sgjwo5HRyZwRykd6AZcPV/Ckfq7I0aeEAPPUc50XzFZS8X/aq1Iuid2TP0wksTH44/ciEEZwDQx2KGcYMkGiiDMqdoV4h5SCUmVa0GFYE6ePE3qB2XzqGxeHxYrZ1kcebAFtkEJmOAYVMAlqIIawOAePIJn8KI9aE/am/Y+tua0rGcT/IH2+QVDQqU8</latexit>

+M(z)�1 @F

@z

<latexit sha1_base64="iZXv7C4szlGm+9zKIu0oaXN9+Cg="></latexit>⇥
0 0 �M�1 @M

@✓ M�1F 0 0 0
⇤

<latexit sha1_base64="RJDD+0qdSuHJlPc43ocYJQkRXew=">AAACH3icbVDLSsNAFL3xWesr6tLNYBHcWBKR6rIoiBuhgn1AE8tkOmmHTh7MTIQS8idu/BU3LhQRd/0bJ21FbT0wcDjn3jv3Hi/mTCrLGhkLi0vLK6uFteL6xubWtrmz25BRIgitk4hHouVhSTkLaV0xxWkrFhQHHqdNb3CZ+80HKiSLwjs1jKkb4F7IfEaw0lLHrDgBVn3PT2+y+/TYzpDjC0xSJ8ZCMczRt32VZT9iknXMklW2xkDzxJ6SEkxR65ifTjciSUBDRTiWsm1bsXLTfCDhNCs6iaQxJgPco21NQxxQ6abj+zJ0qJUu8iOhX6jQWP3dkeJAymHg6cp8XTnr5eJ/XjtR/rmbsjBOFA3J5CM/4UhFKA8LdZmgRPGhJpgIpndFpI91QEpHWtQh2LMnz5PGSdmulO3b01L1YhpHAfbhAI7AhjOowjXUoA4EHuEZXuHNeDJejHfjY1K6YEx79uAPjNEXj6qj7w==</latexit>

M�1 @F

@u

<latexit sha1_base64="7t/C1Pm+Z1nhhA3ES7Hh8R/jA64="></latexit>2

4
F1 � k1x1 � d1ẋ1 + k2(x2 � x1) + d2(ẋ2 � ẋ1)
F2 +m3✓̇2` sin ✓ � k2(x2 � x1)� d2(ẋ2 � ẋ1)

�mg` sin ✓

3

5
<latexit sha1_base64="3SvQCNdmVfTWYmKNa+pp7/Iolzw=">AAACAHicbVA9SwNBEN2LXzF+RS0sbBaDYGO4U1HLoI1lBPMBuSPsbSbJkr29Y3dOCEca/4qNhSK2/gw7/42bj0ITHww83pthZl6YSGHQdb+d3NLyyupafr2wsbm1vVPc3aubONUcajyWsW6GzIAUCmooUEIz0cCiUEIjHNyO/cYjaCNi9YDDBIKI9ZToCs7QSu3iwWnUPqc96oOU1DdCUR/7gKxdLLlldwK6SLwZKZEZqu3il9+JeRqBQi6ZMS3PTTDImEbBJYwKfmogYXzAetCyVLEITJBNHhjRY6t0aDfWthTSifp7ImORMcMotJ0Rw76Z98bif14rxe51kAmVpAiKTxd1U0kxpuM0aEdo4CiHljCuhb2V8j7TjKPNrGBD8OZfXiT1s7J3WfbuL0qVm1kceXJIjsgJ8cgVqZA7UiU1wsmIPJNX8uY8OS/Ou/Mxbc05s5l98gfO5w/tBZVb</latexit>

�m3g` sin ✓

<latexit sha1_base64="MNtw6WMoud8qnMqCeyspaUj7fIY=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0VwY0lE1I1QdONGqGAf0IQymU7aoZMHMzdCCfkKN/6KGxeKuBV3/o2TNovaemDgcM69d+49Xiy4Asv6MUpLyyura+X1ysbm1vaOubvXUlEiKWvSSESy4xHFBA9ZEzgI1oklI4EnWNsb3eR++5FJxaPwAcYxcwMyCLnPKQEt9cwTx5eEpk5MJHAisBMQGHp+epdlMyIMGZAMX/XMqlWzJsCLxC5IFRVo9Mxvpx/RJGAhUEGU6tpWDG6az6WCZRUnUSwmdEQGrKtpSAKm3HRyVoaPtNLHfiT1CwFP1NmOlARKjQNPV+Zbq3kvF//zugn4l27KwzgBFtLpR34iMEQ4zwj3uWQUxFgTQiXXu2I6JDon0ElWdAj2/MmLpHVas89r9v1ZtX5dxFFGB+gQHSMbXaA6ukUN1EQUPaEX9IbejWfj1fgwPqelJaPo2Ud/YHz9AkphoA8=</latexit>

@M

@✓
=

<latexit sha1_base64="6g0S57ZOeuaqUXSPqBCO1MS0d/w="></latexit>2

4
0 0 0
0 0 �m3` sin ✓
0 �m3` sin ✓ 0

3

5

<latexit sha1_base64="wGOpxzRDU6TjblAybnVu6bRT5Xg="></latexit>2

4
�k1 � k2 k2 0 �d1 � d2 d2 0

k2 �k2 m3✓̇2` cos ✓ d2 �d2 2✓̇m3` sin ✓
0 0 �m3g` cos ✓ 0 0 0

3

5
<latexit sha1_base64="Vs1QW0fQAOaPHFXjTR3ZaOcwpRU=">AAACEXicbVDLSsNAFL3xWesr6tLNYBG6KomIuhGKgrisYB/QhDKZTtqhkwczE6GG/IIbf8WNC0XcunPn3zhpA2rrgYHDOffeufd4MWdSWdaXsbC4tLyyWlorr29sbm2bO7stGSWC0CaJeCQ6HpaUs5A2FVOcdmJBceBx2vZGl7nfvqNCsii8VeOYugEehMxnBCst9cyq4wtMUifGQjHMkRNgNfT89CrLfsT7DJ33zIpVsyZA88QuSAUKNHrmp9OPSBLQUBGOpezaVqzcNB9JOM3KTiJpjMkID2hX0xAHVLrp5KIMHWqlj/xI6BcqNFF/d6Q4kHIceLoyX1jOern4n9dNlH/mpiyME0VDMv3ITzhSEcrjQX0mKFF8rAkmguldERliHZHSIZZ1CPbsyfOkdVSzT2r2zXGlflHEUYJ9OIAq2HAKdbiGBjSBwAM8wQu8Go/Gs/FmvE9LF4yiZw/+wPj4BjUGnd4=</latexit>

@F

@z
=

<latexit sha1_base64="G4QZSdoS1drIsiZspZeo84pyX2U=">AAACEnicbVDLSsNAFL2pr1pfUZduBougm5KIqBuhKIjLCvYBTSiT6aQdOnkwMxFKyDe48VfcuFDErSt3/o2TNqC2Hhg4nHPvnXuPF3MmlWV9GaWFxaXllfJqZW19Y3PL3N5pySgRhDZJxCPR8bCknIW0qZjitBMLigOP07Y3usr99j0VkkXhnRrH1A3wIGQ+I1hpqWceOb7AJHViLBTDHDkBVkPPT6+z7EdMMnSBembVqlkToHliF6QKBRo989PpRyQJaKgIx1J2bStWbprPJJxmFSeRNMZkhAe0q2mIAyrddHJShg600kd+JPQLFZqovztSHEg5DjxdmW8sZ71c/M/rJso/d1MWxomiIZl+5CccqQjl+aA+E5QoPtYEE8H0rogMsc5I6RQrOgR79uR50jqu2ac1+/akWr8s4ijDHuzDIdhwBnW4gQY0gcADPMELvBqPxrPxZrxPS0tG0bMLf2B8fAOSzJ4D</latexit>

@F

@u
=

<latexit sha1_base64="JjwTL9GWxkNIyAP/Z/QzQ7GK12A=">AAACH3icbZDLSsNAFIYnXmu8RV26GSyKq5KIVJdFNy4r2As0oUymp+3QySTMTMQS+iZufBU3LhQRd30bp20Ubf1h4OM/5zDn/GHCmdKuO7aWlldW19YLG/bm1vbOrrO3X1dxKinUaMxj2QyJAs4E1DTTHJqJBBKFHBrh4HpSb9yDVCwWd3qYQBCRnmBdRok2Vtsp+yH0mMjCiGjJHka2h0+wi33fdg143+Bi2wfR+WlrO0W35E6FF8HLoYhyVdvOp9+JaRqB0JQTpVqem+ggI1IzymFk+6mChNAB6UHLoCARqCCb3jfCx8bp4G4szRMaT93fExmJlBpGoek0+/XVfG1i/ldrpbp7GWRMJKkGQWcfdVOOdYwnYeEOk0A1HxogVDKzK6Z9IgnVJlLbhODNn7wI9bOSVy55t+fFylUeRwEdoiN0ijx0gSroBlVRDVH0iJ7RK3qznqwX6936mLUuWfnMAfoja/wFe0Ke6w==</latexit>2

4
1 0
0 1
0 0

3

5

<latexit sha1_base64="l2Ugl02wXDnbzBSKXsioGAyh6Dw=">AAACD3icbVDLSgMxFL1TX7W+Rl26CRbFjWVGRN0IRUHcCBXsA9qxZNJMG5p5kGSEMswfuPFX3LhQxK1bd/6NmT5AWw8Ezj3nXnLvcSPOpLKsbyM3N7+wuJRfLqysrq1vmJtbNRnGgtAqCXkoGi6WlLOAVhVTnDYiQbHvclp3+5eZX3+gQrIwuFODiDo+7gbMYwQrLbXN/ZaPVc/1EpyiczQpbtL75NBOJ+VV2jaLVskaAs0Se0yKMEalbX61OiGJfRoowrGUTduKlJNgoRjhNC20YkkjTPq4S5uaBtin0kmG96RoTysd5IVCv0Chofp7IsG+lAPf1Z3ZhnLay8T/vGasvDMnYUEUKxqQ0UdezJEKURYO6jBBieIDTTARTO+KSA8LTJSOsKBDsKdPniW1o5J9UrJvj4vli3EcediBXTgAG06hDNdQgSoQeIRneIU348l4Md6Nj1FrzhjPbMMfGJ8//aucpA==</latexit>

a = M�1F

<latexit sha1_base64="KJk6aJ9rfd/3nEin2NF3JYzxG1o=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlQQ7ZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fANBxZoI</latexit>

@f

@z
=

<latexit sha1_base64="+LmFMV/GwJe166lhiSFP32aH+Yg=">AAACJHicbVDLSgNBEJz1bXxFPXoZDEJECLtRVBBB9OJRwWggmyyzk44ZMrO7zPSKYcnHePFXvHjwgQcvfouTx0GNBU0XVd3MdIWJFAZd99OZmJyanpmdm88tLC4tr+RX165NnGoOFR7LWFdDZkCKCCooUEI10cBUKOEm7Jz1/Zs70EbE0RV2E6grdhuJluAMrRTkj3yEe8yagD16TFWwS32QslEuqqBMd/rC9rA1ygOH+jw21Mc2IAvyBbfkDkDHiTciBTLCRZB/85sxTxVEyCUzpua5CdYzplFwCb2cnxpIGO+wW6hZGjEFpp4NjuzRLas0aSvWtiKkA/XnRsaUMV0V2knFsG3+en3xP6+WYuuwnokoSREiPnyolUqKMe0nRptCA0fZtYRxLexfKW8zzTjaXHM2BO/vyePkulzy9kve5V7h5HQUxxzZIJukSDxyQE7IObkgFcLJA3kiL+TVeXSenXfnYzg64Yx21skvOF/f1x+h2Q==</latexit>

det = m3`
2(m2 +m3) +m2

3` cos ✓

<latexit sha1_base64="qXa5/V3edWxrsafDfrIEgpCK9KM="></latexit>
m3`2 �m3` cos ✓

�m3` cos ✓ m2 +m3

�
<latexit sha1_base64="RVFWvj5DaAOHbcFOoHEK9ZJAagw=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUlE1GXRjcsK9gFtKJPJTTt08mDmRqwh+CtuXCji1v9w5984bbPQ1gMXDufcy733eIngCm372ygtLa+srpXXKxubW9s75u5eS8WpZNBksYhlx6MKBI+giRwFdBIJNPQEtL3R9cRv34NUPI7ucJyAG9JBxAPOKGqpbx70AklZ5uRZD+EBMx8wz/tm1a7ZU1iLxClIlRRo9M2vnh+zNIQImaBKdR07QTejEjkTkFd6qYKEshEdQFfTiIag3Gx6fW4da8W3gljqitCaqr8nMhoqNQ493RlSHKp5byL+53VTDC7djEdJihCx2aIgFRbG1iQKy+cSGIqxJpRJrm+12JDqOFAHVtEhOPMvL5LWac05rzm3Z9X6VRFHmRySI3JCHHJB6uSGNEiTMPJInskreTOejBfj3fiYtZaMYmaf/IHx+QN/OZXo</latexit>

1

det

<latexit sha1_base64="w90qZulc5A2R3TH2+HI+nGCTX6M=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqkxE1GXRjcsK9gHtUDJppg1NMmOSKZRhvsONC0Xc+jHu/BvTx0JbD1w4nHMv994TJoIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZxqyho0FrFuh8QwwRVrWG4FayeaERkK1gpHd1O/NWba8Fg92knCAkkGikecEuukoBtpQjOcZ7KH81654lf9GdAqwQtSgQXqvfJXtx/TVDJlqSDGdLCf2CAj2nIqWF7qpoYlhI7IgHUcVUQyE2Szo3N05pQ+imLtSlk0U39PZEQaM5Gh65TEDs2yNxX/8zqpjW6CjKsktUzR+aIoFcjGaJoA6nPNqBUTRwjV3N2K6JC4HKzLqeRCwMsvr5LmRRVfVfHDZaV2u4ijCCdwCueA4RpqcA91aACFJ3iGV3jzxt6L9+59zFsL3mLmGP7A+/wBwiGSGA==</latexit>

1

m1

<latexit sha1_base64="Nh7TLHkIWAHD9QsOwjc+3htkUJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBexGMug==</latexit>

0
<latexit sha1_base64="Nh7TLHkIWAHD9QsOwjc+3htkUJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBexGMug==</latexit>

0
<latexit sha1_base64="Nh7TLHkIWAHD9QsOwjc+3htkUJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBexGMug==</latexit>

0
<latexit sha1_base64="Nh7TLHkIWAHD9QsOwjc+3htkUJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBexGMug==</latexit>

0

<latexit sha1_base64="sPt5zFMtFZrmK4yzsY2e6HpymSQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ae0oWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZqDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbud+94kqzaR4MNOE+jGOBAsZwcZKnUGTRZE/rNbcupsDrRKvIDUo0BpWvwYjSdKYCkM41rrvuYnxM6wMI5zOKoNU0wSTCY5o31KBY6r9LL92hs6sMkKhVLaEQbn6eyLDsdbTOLCdMTZjvezNxf+8fmrCGz9jIkkNFWSxKEw5MhLNX0cjpigxfGoJJorZWxEZY4WJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0Qhju4=</latexit>#
<latexit sha1_base64="SYIXPJmFfhu4vD8FJ6Tb82h/axQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7AekoWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MOVMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WmCG0TyaXqhVhTzgRtG2Y47aWK4iTktBuOb2d+94kqzaR4MJOUBgmOBYsYwcZKnX6TxbE/qNbcujsHWiVeQWpQoDWofvWHkmQJFYZwrLXvuakJcqwMI5xOK/1M0xSTMY6pb6nACdVBPr92is6sMkSRVLaEQXP190SOE60nSWg7E2xGetmbif95fmaimyBnIs0MFWSxKMo4MhLNXkdDpigxfGIJJorZWxEZYYWJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0EZjuw=</latexit>"

<latexit sha1_base64="yKYd9zaRmKRuhoRLv7LoARQjRjw=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlYQrZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fAM+tZoG</latexit>

@f

@x
=

Eigenvalues

Linearization Stability - Case 1
<latexit sha1_base64="jQ/hhWDv2iQ69SmIh3gluR/Xsvw=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFclUkVdSMU3bisYB/QDkMmTdvQJDMkGWEY6q+4caGIWz/EnX9jOp2Fth7I5XDOvdybE8acaeN5387K6tr6xmZpq7y9s7u37x4ctnWUKEJbJOKR6oZYU84kbRlmOO3GimIRctoJJ7czv/NIlWaRfDBpTH2BR5INGcHGSoFbEQGC11AE9bye2YoCt+rVvBxwmaCCVEGBZuB+9QcRSQSVhnCsdQ95sfEzrAwjnE7L/UTTGJMJHtGepRILqv0sP34KT6wygMNI2ScNzNXfExkWWqcitJ0Cm7Fe9Gbif14vMcMrP2MyTgyVZL5omHBoIjhLAg6YosTw1BJMFLO3QjLGChNj8yrbENDil5dJu15DFzV0f15t3BRxlMAROAanAIFL0AB3oAlagIAUPINX8OY8OS/Ou/Mxb11xipkK+APn8wd29ZIR</latexit>

m1 = m2 = m3 = 1
<latexit sha1_base64="Iw/nfGChkdg58eNDuwBPKTOnKv4=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqkyKqBuh6MZlBfuAdhgyaaYNzWTGJFMoQ7/DjQtF3Pox7vwb03YW2nrgXg7n3EtuTpAIro3rfjuFtfWNza3idmlnd2//oHx41NJxqihr0ljEqhMQzQSXrGm4EayTKEaiQLB2MLqb+e0xU5rH8tFMEuZFZCB5yCkxVvJGPkY3aOTXbMd+ueJW3TnQKsE5qUCOhl/+6vVjmkZMGiqI1l3sJsbLiDKcCjYt9VLNEkJHZMC6lkoSMe1l86On6MwqfRTGypY0aK7+3shIpPUkCuxkRMxQL3sz8T+vm5rw2su4TFLDJF08FKYCmRjNEkB9rhg1YmIJoYrbWxEdEkWosTmVbAh4+curpFWr4ssqfrio1G/zOIpwAqdwDhiuoA730IAmUHiCZ3iFN2fsvDjvzsditODkO8fwB87nD8JxkCQ=</latexit>

k1 = k2 = 1
<latexit sha1_base64="+lpfnvQsm+TC9LNtnYbdtQrdBh8=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqkyKqBuh6MZlBfuAdhgymUwbmsmMSaZQSr/DjQtF3Pox7vwb03YW2nrgXg7n3EtuTpAKro3rfjuFtfWNza3idmlnd2//oHx41NJJpihr0kQkqhMQzQSXrGm4EayTKkbiQLB2MLyb+e0RU5on8tGMU+bFpC95xCkxVvJCH6MbFPo127FfrrhVdw60SnBOKpCj4Ze/emFCs5hJQwXRuovd1HgTogyngk1LvUyzlNAh6bOupZLETHuT+dFTdGaVEEWJsiUNmqu/NyYk1nocB3YyJmagl72Z+J/XzUx07U24TDPDJF08FGUCmQTNEkAhV4waMbaEUMXtrYgOiCLU2JxKNgS8/OVV0qpV8WUVP1xU6rd5HEU4gVM4BwxXUId7aEATKDzBM7zCmzNyXpx352MxWnDynWP4A+fzB6y7kBY=</latexit>

d1 = d2 = 1

<latexit sha1_base64="XMqfWWjJpeUNMEzoKqAQo1JhTJU=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1ItQ9OKxgrWFJpTNdtIu3WzC7kQooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaWV1b3yhvVra2d3b3qvsHjybJNIcWT2SiOyEzIIWCFgqU0Ek1sDiU0A5Ht1O//QTaiEQ94DiFIGYDJSLBGVrJ93EIyHoevaZur1pz6+4MdJl4BamRAs1e9cvvJzyLQSGXzJiu56YY5Eyj4BImFT8zkDI+YgPoWqpYDCbIZzdP6IlV+jRKtC2FdKb+nshZbMw4Dm1nzHBoFr2p+J/XzTC6CnKh0gxB8fmiKJMUEzoNgPaFBo5ybAnjWthbKR8yzTjamCo2BG/x5WXyeFb3Lure/XmtcVPEUSZH5JicEo9ckga5I03SIpyk5Jm8kjcnc16cd+dj3lpyiplD8gfO5w92h5Cn</latexit>

✓1 = 0

<latexit sha1_base64="EQ+omgoBLhUId1AnJ7b073UvIEE="></latexit>2

6666664

0. 0. 0. 1. 0. 0.
0. 0. 0. 0. 1. 0.
0. 0. 0. 0. 0. 1.
�2. 1. 0. �2. 1. 0.
1. �1. 10. 1. �1. 0.
�1. 1. �20. �1. 1. 0.

3

7777775

<latexit sha1_base64="jit32Em/5JgS604d+lU7N462VE0=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6kUoevFYwX5AG8pmO2nXbnbD7kYoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxPOtPG8b6ewsrq2vlHcLG1t7+zulfcPmlqmimKDSi5VOyQaORPYMMxwbCcKSRxybIWj26nfekKlmRQPZpxgEJOBYBGjxFip2UXOr/1eueJVvRncZeLnpAI56r3yV7cvaRqjMJQTrTu+l5ggI8owynFS6qYaE0JHZIAdSwWJUQfZ7NqJe2KVvhtJZUsYd6b+nshIrPU4Dm1nTMxQL3pT8T+vk5roKsiYSFKDgs4XRSl3jXSnr7t9ppAaPraEUMXsrS4dEkWosQGVbAj+4svLpHlW9S+q/v15pXaTx1GEIziGU/DhEmpwB3VoAIVHeIZXeHOk8+K8Ox/z1oKTzxzCHzifPwNqjsM=</latexit>

` = 1

<latexit sha1_base64="COjfNgEoL7dotDXwAo3WRml4jpI=">AAACDHicbVDLSgMxFM34rPVVdekmWAQXOszU+tgIRTcuK9gHdIaSyWTa0CQzJBmhDP0AN/6KGxeKuPUD3Pk3pu0stPVA4HDOudzcEySMKu0439bC4tLyymphrbi+sbm1XdrZbao4lZg0cMxi2Q6QIowK0tBUM9JOJEE8YKQVDG7GfuuBSEVjca+HCfE56gkaUYy0kbqlssdMOETdzD2ujOAVPHHsSvUMegmHVfvUMApNyrGdCeA8cXNSBjnq3dKXF8Y45URozJBSHddJtJ8hqSlmZFT0UkUShAeoRzqGCsSJ8rPJMSN4aJQQRrE0T2g4UX9PZIgrNeSBSXKk+2rWG4v/eZ1UR5d+RkWSaiLwdFGUMqhjOG4GhlQSrNnQEIQlNX+FuI8kwtr0VzQluLMnz5NmxXbPbfeuWq5d53UUwD44AEfABRegBm5BHTQABo/gGbyCN+vJerHerY9pdMHKZ/bAH1ifP4ogl3U=</latexit>

�1,2 = �0.245± 4.345i
<latexit sha1_base64="iwNGGFzcXk4lHlTlEtDZtnuUwWo=">AAACDHicbVDLSgMxFM3UV62vqks3wSK40DLRYt0IRTcuK9gHdIaSyWTa0ExmSDJCGfoBbvwVNy4UcesHuPNvzLSz0NYDgcM553JzjxdzprRtf1uFpeWV1bXiemljc2t7p7y711ZRIgltkYhHsuthRTkTtKWZ5rQbS4pDj9OON7rJ/M4DlYpF4l6PY+qGeCBYwAjWRuqXKw43YR/30/OT2gRewVNURbU6dOIQoqpt1yGDJmUbmgEuEpSTCsjR7Je/HD8iSUiFJhwr1UN2rN0US80Ip5OSkygaYzLCA9ozVOCQKjedHjOBR0bxYRBJ84SGU/X3RIpDpcahZ5Ih1kM172Xif14v0cGlmzIRJ5oKMlsUJBzqCGbNQJ9JSjQfG4KJZOavkAyxxESb/kqmBDR/8iJpn1XRRRXd1SqN67yOIjgAh+AYIFAHDXALmqAFCHgEz+AVvFlP1ov1bn3MogUrn9kHf2B9/gCHZpdz</latexit>

�3,4 = �1.147± 1.007i

<latexit sha1_base64="Znoo2BfZ9mDxLwWOv2ahkHrDWSI=">AAACDHicbVDLSgMxFM34rPVVdekmWAQXOmS0rd0IRTcuK9gHdIaSyWTa0ExmSDJCGfoBbvwVNy4UcesHuPNvTB8LbT0QOJxzLjf3+AlnSiP0bS0tr6yurec28ptb2zu7hb39popTSWiDxDyWbR8rypmgDc00p+1EUhz5nLb8wc3Ybz1QqVgs7vUwoV6Ee4KFjGBtpG6h6HITDnA3K59WRvAKniHbQVXoJhFEdql8ARk0KWSjCeAicWakCGaodwtfbhCTNKJCE46V6jgo0V6GpWaE01HeTRVNMBngHu0YKnBElZdNjhnBY6MEMIyleULDifp7IsORUsPIN8kI676a98bif14n1WHVy5hIUk0FmS4KUw51DMfNwIBJSjQfGoKJZOavkPSxxESb/vKmBGf+5EXSPLediu3clYq161kdOXAIjsAJcMAlqIFbUAcNQMAjeAav4M16sl6sd+tjGl2yZjMH4A+szx+Nr5d3</latexit>

�5,6 = �0.108± 0.453i

… other states/forces = 0



Example: Two Blocks + Pendulum Free Body Diagrams

Block 1

Kinematics

Dynamics:

<latexit sha1_base64="Jl6U/80Y4OCqS/GzNhOvULJrz64=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh3Hf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVa9W9e4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD5y42Z</latexit>

k1
<latexit sha1_base64="rTF8T6tLw0pLZekIMTPHaz3r8sM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK1hbaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjLdYIhPdCajhUijeQoGSd1LNaRxI3g5GN1O//cS1EYl6wHHK/ZgOlIgEo2il+7Dv9as1t+7OQJaJV5AaFGj2q1+9MGFZzBUySY3pem6Kfk41Cib5pNLLDE8pG9EB71qqaMyNn89OnZATq4QkSrQthWSm/p7IaWzMOA5sZ0xxaBa9qfif180wuvJzodIMuWLzRVEmCSZk+jcJheYM5dgSyrSwtxI2pJoytOlUbAje4svL5PGs7l3UvbvzWuO6iKMMR3AMp+DBJTTgFprQAgYDeIZXeHOk8+K8Ox/z1pJTzBzCHzifP+8hjZI=</latexit>

d1

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="Pq8Y5lpI1WrAkKy2RY8QNCh0YLU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPBbY10</latexit>

F1

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="4UzQl73GG4I16IwPQBbBI2jdw7Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyqqMegF48RzQOSJcxOZpMh81hmZoWw5BO8eFDEq1/kzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTv3WE9WGKfloxwkNBR5IFjOCrZMeRO+8V674VX8GtEyCnFQgR71X/ur2FUkFlZZwbEwn8BMbZlhbRjidlLqpoQkmIzygHUclFtSE2ezUCTpxSh/FSruSFs3U3xMZFsaMReQ6BbZDs+hNxf+8Tmrj6zBjMkktlWS+KE45sgpN/0Z9pimxfOwIJpq5WxEZYo2JdemUXAjB4svLpHlWDS6rwf1FpXaTx1GEIziGUwjgCmpwB3VoAIEBPMMrvHnce/HevY95a8HLZw7hD7zPH//fjZ0=</latexit>m3

<latexit sha1_base64="Sv8BT+dsvuVxy/R+C35hx8Sczh0=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKe5KUC9C0IvHCOYB2TXMTnqTIbMPZnqVsOQ/vHhQxKv/4s2/cZLsQaMFDUVVN91dfiKFRtv+sgpLyyura8X10sbm1vZOeXevpeNUcWjyWMaq4zMNUkTQRIESOokCFvoS2v7oeuq3H0BpEUd3OE7AC9kgEoHgDI107+IQkNFL6ibipNYrV+yqPQP9S5ycVEiORq/86fZjnoYQIZdM665jJ+hlTKHgEiYlN9WQMD5iA+gaGrEQtJfNrp7QI6P0aRArUxHSmfpzImOh1uPQN50hw6Fe9Kbif143xeDCy0SUpAgRny8KUkkxptMIaF8o4CjHhjCuhLmV8iFTjKMJqmRCcBZf/ktap1XnrOrc1ir1qzyOIjkgh+SYOOSc1MkNaZAm4USRJ/JCXq1H69l6s97nrQUrn9knv2B9fAMP9ZGT</latexit>

✓ = ⇡/4

<latexit sha1_base64="OtFut2t1oeeBbCZBcPqXrEbV6x4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6p7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA9ejkE=</latexit>

`
<latexit sha1_base64="Xh4Xc41jus8oyAFvcAsLe257fk4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDv1W09MG67kgx0nLIjJQPKIU2Kd1Byga4T9XrniV/0Z0DLBOalAjnqv/NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ+jEKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gkgsBL768TJpnVXxRxffnldpNHkcRjuAYTgHDJdTgDurQAAqP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwDbNo4B</latexit>

g = 10

<latexit sha1_base64="MeeW59RNc5n/WcyFwX2ZwPWPS9A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MO7X+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH7T42a</latexit>

k2
<latexit sha1_base64="WVTk2Sa48NbWsCa+TxUceyC/rvA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWw2m3bpZhN2J0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTjDdZIhPdCajhUijeRIGSd1LNaRxI3g5GtzO//cS1EYl6xHHK/ZgOlIgEo2ilh7Bf65crbtWdg6wSLycVyNHol796YcKymCtkkhrT9dwU/QnVKJjk01IvMzylbEQHvGupojE3/mR+6pScWSUkUaJtKSRz9ffEhMbGjOPAdsYUh2bZm4n/ed0Mo2t/IlSaIVdssSjKJMGEzP4modCcoRxbQpkW9lbChlRThjadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwDO8wpsjnRfn3flYtBacfOYY/sD5/AHwpY2T</latexit>

d2

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="l5q9WZht3sUz+jWYFI33L+hwNxs=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD7Jf65crXtWbA68SPycVyNHol796g5imkilLBTGm63uJDTKiLaeCTUu91LCE0DEZsq6jikhmgmx+6hSfOWWAo1i7UhbP1d8TGZHGTGToOiWxI7PszcT/vG5qo+sg4ypJLVN0sShKBbYxnv2NB1wzasXEEUI1d7diOiKaUOvSKbkQ/OWXV0mrVvUvq/79RaV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwD+W42c</latexit>m2

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="Sv8BT+dsvuVxy/R+C35hx8Sczh0=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKe5KUC9C0IvHCOYB2TXMTnqTIbMPZnqVsOQ/vHhQxKv/4s2/cZLsQaMFDUVVN91dfiKFRtv+sgpLyyura8X10sbm1vZOeXevpeNUcWjyWMaq4zMNUkTQRIESOokCFvoS2v7oeuq3H0BpEUd3OE7AC9kgEoHgDI107+IQkNFL6ibipNYrV+yqPQP9S5ycVEiORq/86fZjnoYQIZdM665jJ+hlTKHgEiYlN9WQMD5iA+gaGrEQtJfNrp7QI6P0aRArUxHSmfpzImOh1uPQN50hw6Fe9Kbif143xeDCy0SUpAgRny8KUkkxptMIaF8o4CjHhjCuhLmV8iFTjKMJqmRCcBZf/ktap1XnrOrc1ir1qzyOIjkgh+SYOOSc1MkNaZAm4USRJ/JCXq1H69l6s97nrQUrn9knv2B9fAMP9ZGT</latexit>

✓ = ⇡/4

<latexit sha1_base64="OtFut2t1oeeBbCZBcPqXrEbV6x4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6p7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA9ejkE=</latexit>

`

<latexit sha1_base64="VR+ZOchMFpo5vD/og6TLjqdqvjw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh9te0itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMg+I2z</latexit>

Fp

<latexit sha1_base64="gg+Bkn7RnYX4BoCQllMUcLQ+tYg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btbhJ2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4bua3n1BpHkcPZpKgL+kw4iFn1FipIfvlilt15yCrxMtJBXLU++Wv3iBmqcTIMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtjahE7WfzQ6fkzCoDEsbKVmTIXP09kVGp9UQGtlNSM9LL3kz8z+umJrzxMx4lqcGILRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB14WM9w==</latexit>m

<latexit sha1_base64="Xh4Xc41jus8oyAFvcAsLe257fk4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDv1W09MG67kgx0nLIjJQPKIU2Kd1Byga4T9XrniV/0Z0DLBOalAjnqv/NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ+jEKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gkgsBL768TJpnVXxRxffnldpNHkcRjuAYTgHDJdTgDurQAAqP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwDbNo4B</latexit>

g = 10

<latexit sha1_base64="Pq8Y5lpI1WrAkKy2RY8QNCh0YLU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPBbY10</latexit>

F1<latexit sha1_base64="skeX6jq2/J2zA/jYJKe14f0nR54=">AAACAXicbZDLSgMxFIbPeK31NupGcBMsggspMyLqsujGZQV7gXYYMmnahmYuJGfEMtSNr+LGhSJufQt3vo1pOwtt/SHw8Z9zkpw/SKTQ6Djf1sLi0vLKamGtuL6xubVt7+zWdZwqxmsslrFqBlRzKSJeQ4GSNxPFaRhI3ggG1+N6454rLeLoDocJ90Lai0RXMIrG8u39B989Ie1OjCSnHH275JSdicg8uDmUIFfVt7/MLSwNeYRMUq1brpOgl1GFgkk+KrZTzRPKBrTHWwYjGnLtZZMNRuTIOB3SjZU5EZKJ+3sio6HWwzAwnSHFvp6tjc3/aq0Uu5deJqIkRR6x6UPdVBKMyTgO0hGKM5RDA5QpYf5KWJ8qytCEVjQhuLMrz0P9tOyel93bs1LlKo+jAAdwCMfgwgVU4AaqUAMGj/AMr/BmPVkv1rv1MW1dsPKZPfgj6/MH2liVOw==</latexit>

x1, ẋ1, ẍ1

Block 2
<latexit sha1_base64="QTvPlFewujsBhR+uv1nPt/0Uqxg=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYBBdSZoqoy6IblxXsBdphyKSZNjSTGZIzYhnqxldx40IRt76FO9/GtJ2Ftv4Q+PjPOUnOHySCa3Ccb6uwtLyyulZcL21sbm3v2Lt7TR2nirIGjUWs2gHRTHDJGsBBsHaiGIkCwVrB8HpSb90zpXks72CUMC8ifclDTgkYy7cPHvzqKe72YsA55ejbZafiTIUXwc2hjHLVffvL3ELTiEmggmjdcZ0EvIwo4FSwcambapYQOiR91jEoScS0l003GONj4/RwGCtzJOCp+3siI5HWoygwnRGBgZ6vTcz/ap0Uwksv4zJJgUk6eyhMBYYYT+LAPa4YBTEyQKji5q+YDogiFExoJROCO7/yIjSrFfe84t6elWtXeRxFdIiO0Aly0QWqoRtURw1E0SN6Rq/ozXqyXqx362PWWrDymX30R9bnD98ElT4=</latexit>

x2, ẋ2, ẍ2

Pendulum

<latexit sha1_base64="s5EoyW8rmnT70NWAvY1F2lZZUiI=">AAACAXicbVDLSgNBEJz1GeNr1YvgZTAIXgy7IupFCHrxGME8ILsss5NOMmT2wUyvEEK8+CtePCji1b/w5t84SfagiQUNRVU33V1hKoVGx/m2FhaXlldWC2vF9Y3NrW17Z7euk0xxqPFEJqoZMg1SxFBDgRKaqQIWhRIaYf9m7DceQGmRxPc4SMGPWDcWHcEZGimw9wdBSq/oCfVASurxRFMPe4AssEtO2ZmAzhM3JyWSoxrYX1474VkEMXLJtG65Tor+kCkUXMKo6GUaUsb7rAstQ2MWgfaHkw9G9MgobdpJlKkY6UT9PTFkkdaDKDSdEcOenvXG4n9eK8POpT8UcZohxHy6qJNJigkdx0HbQgFHOTCEcSXMrZT3mGIcTWhFE4I7+/I8qZ+W3fOye3dWqlzncRTIATkkx8QlF6RCbkmV1Agnj+SZvJI368l6sd6tj2nrgpXP7JE/sD5/AHFQlZ8=</latexit>

yp = �` cos ✓
<latexit sha1_base64="Wo0SVK2iyMPOjg76nvQoGtXfINs=">AAACEnicbZDLSgMxFIYz9VbrrerSTbAIuikzIupGKLpxWcFeoFNKJj1tQzOZITkjlKHP4MZXceNCEbeu3Pk2ptMutPWHwMd/zkly/iCWwqDrfju5peWV1bX8emFjc2t7p7i7VzdRojnUeCQj3QyYASkU1FCghGasgYWBhEYwvJnUGw+gjYjUPY5iaIesr0RPcIbW6hRP/G6E6WjciekVzdjHASAbUx+kpL4Rik6dTrHklt1MdBG8GZTITNVO8cvex5MQFHLJjGl5boztlGkUXMK44CcGYsaHrA8ti4qFYNppttKYHlmnS3uRtkchzdzfEykLjRmFge0MGQ7MfG1i/ldrJdi7bKdCxQmC4tOHeomkGNFJPrQrNHCUIwuMa2H/SvmAacbRpliwIXjzKy9C/bTsnZe9u7NS5XoWR54ckENyTDxyQSrkllRJjXDySJ7JK3lznpwX5935mLbmnNnMPvkj5/MHLJOdyQ==</latexit>

ẏp = ✓̇` sin ✓
<latexit sha1_base64="vKSK0Z3oGqSiVA9FrqLFuepDuHc=">AAACNnicbVDLSgMxFM34rPVVdekmWARBKDMi6kYounEjVLAP6NSSSW/b0ExmSO4IZehXufE73HXjQhG3foJpO+DzQuDknHNvck8QS2HQdcfO3PzC4tJybiW/ura+sVnY2q6ZKNEcqjySkW4EzIAUCqooUEIj1sDCQEI9GFxO9Po9aCMidYvDGFoh6ynRFZyhpdqFa7/TiTAdjtoxPaezi499QDaiPkhJfSMUnTH00Bq+9LujzMEjkznahaJbcqdF/wIvA0WSVaVdeLITeRKCQi6ZMU3PjbGVMo2CSxjl/cRAzPiA9aBpoWIhmFY6XXtE9y3Tod1I26OQTtnvHSkLjRmGgXWGDPvmtzYh/9OaCXbPWqlQcYKg+OyhbiIpRnSSIe0IDRzl0ALGtbB/pbzPNONok87bELzfK/8FtaOSd1Lybo6L5YssjhzZJXvkgHjklJTJFamQKuHkgYzJC3l1Hp1n5815n1nnnKxnh/wo5+MT+WmsDQ==</latexit>

ÿp = ✓̈` sin ✓ + ✓̇2` cos ✓

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="/rZAd4lc2G6FCQIDhVAWkVLUlxw=">AAAB/3icbVDLSgMxFL1TX7W+RgU3boJFqAvLTBF1IxQFcVnBPqAdhkyaaUMzD5KMtIxd+CtuXCji1t9w59+YtrPQ6oF7OZxzL7k5XsyZVJb1ZeQWFpeWV/KrhbX1jc0tc3unIaNEEFonEY9Ey8OSchbSumKK01YsKA48Tpve4GriN++pkCwK79Qopk6AeyHzGcFKS665d+2mA7cyvtCtNHQr6BgNXfvINYtW2ZoC/SV2RoqQoeaan51uRJKAhopwLGXbtmLlpFgoRjgdFzqJpDEmA9yjbU1DHFDppNP7x+hQK13kR0JXqNBU/bmR4kDKUeDpyQCrvpz3JuJ/XjtR/rmTsjBOFA3J7CE/4UhFaBIG6jJBieIjTTARTN+KSB8LTJSOrKBDsOe//Jc0KmX7tGzfnhSrl1kcediHAyiBDWdQhRuoQR0IPMATvMCr8Wg8G2/G+2w0Z2Q7u/ALxsc3DJWULg==</latexit>

Fk2 = k2(x2 � x1)
<latexit sha1_base64="59P3Xqa0/IQN/2gVvk8rkEHi5SU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0y5JN0zY2myxJVixL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJYIb6/vfXmFldW19o7hZ2tre2d0r7x80jUo1ZQ2qhNLtiBgmuGQNy61g7UQzEkeCtaLRzdRvPTJtuJL3dpywICYDyfucEuuk5ijETyEOyxW/6s+AlgnOSQVy1MPyV7enaBozaakgxnSwn9ggI9pyKtik1E0NSwgdkQHrOCpJzEyQza6doBOn9FBfaVfSopn6eyIjsTHjOHKdMbFDs+hNxf+8Tmr7V0HGZZJaJul8UT8VyCo0fR31uGbUirEjhGrubkV0SDSh1gVUciHgxZeXSfOsii+q+O68UrvO4yjCERzDKWC4hBrcQh0aQOEBnuEV3jzlvXjv3se8teDlM4fwB97nD/0Hjr8=</latexit>

k1x1
<latexit sha1_base64="Z7gKJTPt9jmMOeI76gjFSuR0yCU=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqkxE1GXRjcsKthbaYchkMm1o5kFyRyylv+HGhSJu/Rl3/o1pOwttPRA4nHMP9+YEmZIGXffbKa2srq1vlDcrW9s7u3vV/YO2SXPNRYunKtWdgBmhZCJaKFGJTqYFiwMlHoLhzdR/eBTayDS5x1EmvJj1ExlJztBKvdCnpBemSJ586ldrbt2dgSwTWpAaFGj61S8b5XksEuSKGdOlbobemGmUXIlJpZcbkTE+ZH3RtTRhsTDeeHbzhJxYJSRRqu1LkMzU34kxi40ZxYGdjBkOzKI3Ff/zujlGV95YJlmOIuHzRVGuCKZkWgAJpRYc1cgSxrW0txI+YJpxtDVVbAl08cvLpH1Wpxd1endea1wXdZThCI7hFChcQgNuoQkt4JDBM7zCm5M7L8678zEfLTlF5hD+wPn8AbwxkNc=</latexit>

d1ẋ1
<latexit sha1_base64="3hEhl1tX+kNSTO8t0C8XHA5tNiY=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksQl1YkiLqsujGZQV7gTaEyWTSDp1cmJmIJRQ3voobF4q49Snc+TZO2yy09YeBj/+cw5nzewlnUlnWt1FYWl5ZXSuulzY2t7Z3zN29loxTQWiTxDwWHQ9LyllEm4opTjuJoDj0OG17w+tJvX1PhWRxdKdGCXVC3I9YwAhW2nLNA9+toUrPjxV60HSKcrRPXLNsVa2p0CLYOZQhV8M1v/QsSUMaKcKxlF3bSpSTYaEY4XRc6qWSJpgMcZ92NUY4pNLJpieM0bF2fBTEQr9Ioan7eyLDoZSj0NOdIVYDOV+bmP/VuqkKLp2MRUmqaERmi4KUIxWjSR7IZ4ISxUcaMBFM/xWRARaYKJ1aSYdgz5+8CK1a1T6v2rdn5fpVHkcRDuEIKmDDBdThBhrQBAKP8Ayv8GY8GS/Gu/Exay0Y+cw+/JHx+QO565UV</latexit>

d2(ẋ2 � ẋ1)

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="Sv8BT+dsvuVxy/R+C35hx8Sczh0=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKe5KUC9C0IvHCOYB2TXMTnqTIbMPZnqVsOQ/vHhQxKv/4s2/cZLsQaMFDUVVN91dfiKFRtv+sgpLyyura8X10sbm1vZOeXevpeNUcWjyWMaq4zMNUkTQRIESOokCFvoS2v7oeuq3H0BpEUd3OE7AC9kgEoHgDI107+IQkNFL6ibipNYrV+yqPQP9S5ycVEiORq/86fZjnoYQIZdM665jJ+hlTKHgEiYlN9WQMD5iA+gaGrEQtJfNrp7QI6P0aRArUxHSmfpzImOh1uPQN50hw6Fe9Kbif143xeDCy0SUpAgRny8KUkkxptMIaF8o4CjHhjCuhLmV8iFTjKMJqmRCcBZf/ktap1XnrOrc1ir1qzyOIjkgh+SYOOSc1MkNaZAm4USRJ/JCXq1H69l6s97nrQUrn9knv2B9fAMP9ZGT</latexit>

✓ = ⇡/4

<latexit sha1_base64="VR+ZOchMFpo5vD/og6TLjqdqvjw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh9te0itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMg+I2z</latexit>

Fp

<latexit sha1_base64="/rZAd4lc2G6FCQIDhVAWkVLUlxw=">AAAB/3icbVDLSgMxFL1TX7W+RgU3boJFqAvLTBF1IxQFcVnBPqAdhkyaaUMzD5KMtIxd+CtuXCji1t9w59+YtrPQ6oF7OZxzL7k5XsyZVJb1ZeQWFpeWV/KrhbX1jc0tc3unIaNEEFonEY9Ey8OSchbSumKK01YsKA48Tpve4GriN++pkCwK79Qopk6AeyHzGcFKS665d+2mA7cyvtCtNHQr6BgNXfvINYtW2ZoC/SV2RoqQoeaan51uRJKAhopwLGXbtmLlpFgoRjgdFzqJpDEmA9yjbU1DHFDppNP7x+hQK13kR0JXqNBU/bmR4kDKUeDpyQCrvpz3JuJ/XjtR/rmTsjBOFA3J7CE/4UhFaBIG6jJBieIjTTARTN+KSB8LTJSOrKBDsOe//Jc0KmX7tGzfnhSrl1kcediHAyiBDWdQhRuoQR0IPMATvMCr8Wg8G2/G+2w0Z2Q7u/ALxsc3DJWULg==</latexit>

Fk2 = k2(x2 � x1)

<latexit sha1_base64="3hEhl1tX+kNSTO8t0C8XHA5tNiY=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksQl1YkiLqsujGZQV7gTaEyWTSDp1cmJmIJRQ3voobF4q49Snc+TZO2yy09YeBj/+cw5nzewlnUlnWt1FYWl5ZXSuulzY2t7Z3zN29loxTQWiTxDwWHQ9LyllEm4opTjuJoDj0OG17w+tJvX1PhWRxdKdGCXVC3I9YwAhW2nLNA9+toUrPjxV60HSKcrRPXLNsVa2p0CLYOZQhV8M1v/QsSUMaKcKxlF3bSpSTYaEY4XRc6qWSJpgMcZ92NUY4pNLJpieM0bF2fBTEQr9Ioan7eyLDoZSj0NOdIVYDOV+bmP/VuqkKLp2MRUmqaERmi4KUIxWjSR7IZ4ISxUcaMBFM/xWRARaYKJ1aSYdgz5+8CK1a1T6v2rdn5fpVHkcRDuEIKmDDBdThBhrQBAKP8Ayv8GY8GS/Gu/Exay0Y+cw+/JHx+QO565UV</latexit>

d2(ẋ2 � ẋ1)

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="s9YKeFST7Eb7NgdZIhziouS+atM=">AAACBXicbVDLSgNBEJyNrxhfUY96GAyCIITdIOpFCHrxGME8IBuW2UnHDJmdXWZ6JSHk4sVf8eJBEa/+gzf/xsnjoMaChqKqm+6uMJHCoOt+OZmFxaXllexqbm19Y3Mrv71TM3GqOVR5LGPdCJkBKRRUUaCERqKBRaGEeti7Gvv1e9BGxOoWBwm0InanREdwhlYK8vv9IKEXtB+U6DH1QUrqG6Goj11AFuQLbtGdgM4Tb0YKZIZKkP/02zFPI1DIJTOm6bkJtoZMo+ASRjk/NZAw3mN30LRUsQhMazj5YkQPrdKmnVjbUkgn6s+JIYuMGUSh7YwYds1fbyz+5zVT7Jy3hkIlKYLi00WdVFKM6TgS2hYaOMqBJYxrYW+lvMs042iDy9kQvL8vz5NaqeidFr2bk0L5chZHluyRA3JEPHJGyuSaVEiVcPJAnsgLeXUenWfnzXmftmac2cwu+QXn4xvpuJby</latexit>

xp = x2 + ` sin ✓
<latexit sha1_base64="70/M1tpzTnvpUZRkyCkG4+G9vR8=">AAACG3icbZDLSgMxFIYz9VbrbdSlm2ARBKHMFFE3QtGNywr2Ap2hZNLTNjRzITkjltL3cOOruHGhiCvBhW9j2s5CW38IfPznnCTnDxIpNDrOt5VbWl5ZXcuvFzY2t7Z37N29uo5TxaHGYxmrZsA0SBFBDQVKaCYKWBhIaASD60m9cQ9Kizi6w2ECfsh6kegKztBYbbvsdWKkD+2EXtIMy/Rkhh72ARn1QErq8VhnRtsuOiVnKroIbgZFkqnatj/NdTwNIUIumdYt10nQHzGFgksYF7xUQ8L4gPWgZTBiIWh/NN1tTI+M06HdWJkTIZ26vydGLNR6GAamM2TY1/O1iflfrZVi98IfiShJESI+e6ibSooxnQRFO0IBRzk0wLgS5q+U95liHE2cBROCO7/yItTLJfes5N6eFitXWRx5ckAOyTFxyTmpkBtSJTXCySN5Jq/kzXqyXqx362PWmrOymX3yR9bXDyAan6Q=</latexit>

ẋp = ẋ2 + ✓̇` cos ✓
<latexit sha1_base64="Zmprx9N0Eaj+QweIFWY8t9NELaI=">AAACP3icbZBNSwMxEIazftb6VfXoJVgEQSy7RdSLIHrxWMFWobsu2XRqg9nsksyKpfjPvPgXvHn14kERr95M6yraOhB4eN+ZJPNGqRQGXffRGRufmJyaLswUZ+fmFxZLS8sNk2SaQ50nMtHnETMghYI6CpRwnmpgcSThLLo66vtn16CNSNQpdlMIYnapRFtwhlYKSw2/1UqQ3oQp3affXKWbOfvYAWTUBympzxPzLWxZ/8e+qOYNRqhcCktlt+IOio6Cl0OZ5FULSw/2Qp7FoJBLZkzTc1MMekyj4BJui35mIGX8il1C06JiMZigN9j/lq5bpUXbibZHIR2ovyd6LDamG0e2M2bYMcNeX/zPa2bY3gt6QqUZguJfD7UzSTGh/TBpS2jgKLsWGNfC/pXyDtOMo428aEPwhlcehUa14u1UvJPt8sFhHkeBrJI1skE8sksOyDGpkTrh5I48kRfy6tw7z86b8/7VOubkMyvkTzkfn3rarXs=</latexit>

ẍp = ẍ2 + ✓̈` cos ✓ � ✓̇2` sin ✓

<latexit sha1_base64="0UvdONimD/3SMd4Dk7RFyBmNMkg=">AAACLnicbVDLSsNAFJ34rPVVdelmsAiuSiKiLosiuKxgq9CUMJnctIOTSZi5EUvwi9z4K7oQVMStn+H04dsDA+eeew9z7wkzKQy67qMzMTk1PTNbmivPLywuLVdWVlsmzTWHJk9lqs9DZkAKBU0UKOE808CSUMJZeHE46J9dgjYiVafYz6CTsK4SseAMrRRUjvwQukIVYcJQi6vrsh9FKdKrwKO+Tz+K7a/Cxx4go2UfVPTpCipVt+YOQf8Sb0yqZIxGULn3o5TnCSjkkhnT9twMOwXTKLgEu0VuIGP8gnWhbaliCZhOMTz3mm5aJaJxqu1TSIfqd0fBEmP6SWgn7X4987s3EP/rtXOM9zuFUFmOoPjooziXFFM6yI5GQgNH2beEcS3srpT3mGYcbcJlG4L3++S/pLVd83Zr3slOtX4wjqNE1skG2SIe2SN1ckwapEk4uSF35Ik8O7fOg/PivI5GJ5yxZ438gPP2Dqn+qFE=</latexit>2

4
ẍ1

ẍ2

✓̈

3

5

<latexit sha1_base64="69S4UoU2OTRz9Z/TU262jzltLME="></latexit>2

4
m1 0 0
0 (m2 +m3) m3` cos ✓
0 m3` cos ✓ m3`2

3

5
<latexit sha1_base64="fktkf7e37s5ZsJjxRobER+EnYsg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHq5Jr1xxq+4MZJl4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbphJxYpU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+jbpc4XMiLEllClubyVsSBVlxoZTsiF4iy8vk+ZZ1buoevfnldpNHkcRjuAYTsGDS6jBHdShAQxCeIZXeHNGzovz7nzMWwtOPnMIf+B8/gDkZozx</latexit>=

<latexit sha1_base64="cD4k4KNzpmj/EC8Ge0xqniELPZI=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiGzdCBfvAtpRMeqcNzWSGJCOUoX/hxoUibv0bd/6NmXYW2nogcDjnXnLu8WPBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpKFMMGi0Sk2j7VKLjEhuFGYDtWSENfYMsf32R+6wmV5pF8MJMYeyEdSh5wRo2VHrshNSM/SO+m/XLFrbozkGXi5aQCOer98ld3ELEkRGmYoFp3PDc2vZQqw5nAaambaIwpG9MhdiyVNETdS2eJp+TEKgMSRMo+achM/b2R0lDrSejbySyhXvQy8T+vk5jgqpdyGScGJZt/FCSCmIhk55MBV8iMmFhCmeI2K2EjqigztqSSLcFbPHmZNM+q3kXVuz+v1K7zOopwBMdwCh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxHC06+cwh/4Hz+AL3akPc=</latexit>

M <latexit sha1_base64="Uj6nJ3AsEVHd4YV8iSLkuEEseJM=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EcRSEGZ32qzW37s5AlolXkBoUaParX71BzNKIK2SSGtP13AT9jGoUTPJppZcanlA2pkPetVTRiBs/myWekhOrDEgYa/sUkpn6eyOjkTGTKLCTeUKz6OXif143xfDKz4RKUuSKzT8KU0kwJvn5ZCA0ZygnllCmhc1K2IhqytCWVLEleIsnL5P2Wd27qHt357XGdVFHGY7gGE7Bg0towC00oQUMFDzDK7w5xnlx3p2P+WjJKXYO4Q+czx/cPpEL</latexit>a
<latexit sha1_base64="sZ49ajG7bco8ZWSalhiKsP33yl4=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiIC4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4WV1bX1jeJmaWt7Z3evvH/Q1FGiGDZYJCLV9qlGwSU2DDcC27FCGvoCW/74JvNbT6g0j+SDmcTYC+lQ8oAzaqz02A2pGflBejvtlytu1Z2BLBMvJxXIUe+Xv7qDiCUhSsME1brjubHppVQZzgROS91EY0zZmA6xY6mkIepeOks8JSdWGZAgUvZJQ2bq742UhlpPQt9OZgn1opeJ/3mdxARXvZTLODEo2fyjIBHERCQ7nwy4QmbExBLKFLdZCRtRRZmxJZVsCd7iycukeVb1Lqre/Xmldp3XUYQjOIZT8OASanAHdWgAAwnP8ApvjnZenHfnYz5acPKdQ/gD5/MHszeQ8A==</latexit>

F
<latexit sha1_base64="l2Ugl02wXDnbzBSKXsioGAyh6Dw=">AAACD3icbVDLSgMxFL1TX7W+Rl26CRbFjWVGRN0IRUHcCBXsA9qxZNJMG5p5kGSEMswfuPFX3LhQxK1bd/6NmT5AWw8Ezj3nXnLvcSPOpLKsbyM3N7+wuJRfLqysrq1vmJtbNRnGgtAqCXkoGi6WlLOAVhVTnDYiQbHvclp3+5eZX3+gQrIwuFODiDo+7gbMYwQrLbXN/ZaPVc/1EpyiczQpbtL75NBOJ+VV2jaLVskaAs0Se0yKMEalbX61OiGJfRoowrGUTduKlJNgoRjhNC20YkkjTPq4S5uaBtin0kmG96RoTysd5IVCv0Chofp7IsG+lAPf1Z3ZhnLay8T/vGasvDMnYUEUKxqQ0UdezJEKURYO6jBBieIDTTARTO+KSA8LTJSOsKBDsKdPniW1o5J9UrJvj4vli3EcediBXTgAG06hDNdQgSoQeIRneIU348l4Md6Nj1FrzhjPbMMfGJ8//aucpA==</latexit>

a = M�1F

<latexit sha1_base64="5etlQgqY64WGu+17OmqAUVi3uDo=">AAAB+nicbVDLSgMxFM34rPU11aWbYBEqSJkRUTdC0Y3LCvYB7VAyaaYNzWSG5I7Sjv0UNy4UceuXuPNvTNtZaOuBC4dz7k3uPX4suAbH+baWlldW19ZzG/nNre2dXbuwV9dRoiir0UhEqukTzQSXrAYcBGvGipHQF6zhD24mfuOBKc0jeQ/DmHkh6UkecErASB270O5GkI7G+AoHpdFJcow7dtEpO1PgReJmpIgyVDv2l3mDJiGTQAXRuuU6MXgpUcCpYON8O9EsJnRAeqxlqCQh0146XX2Mj4zSxUGkTEnAU/X3REpCrYehbzpDAn09703E/7xWAsGll3IZJ8AknX0UJAJDhCc54C5XjIIYGkKo4mZXTPtEEQomrbwJwZ0/eZHUT8vuedm9OytWrrM4cugAHaISctEFqqBbVEU1RNEjekav6M16sl6sd+tj1rpkZTP76A+szx+IMpLf</latexit>

ż = f(z, u)
<latexit sha1_base64="zqBZPsCuMyo5Ic9hyNyOLEIEggQ=">AAACLHicbZBLSwMxEMezPmt9rXr0EiyCp7JbRL0IxV48VugLtuuSTdM2NPsgmRVr6Qfy4lcRxINFvPo5zLaraOtAhh///0ySGT8WXIFlTYyl5ZXVtfXcRn5za3tn19zbb6gokZTVaSQi2fKJYoKHrA4cBGvFkpHAF6zpDyqp37xjUvEorMEwZm5AeiHvckpAS55ZecCX2Gnje8/GaS7p3IY+A5JCJ4LMybD0jT817m3NMwtW0ZoGXgQ7gwLKouqZL/oOmgQsBCqIUo5txeCOiAROBRvn24liMaED0mOOxpAETLmj6bBjfKyVDu5GUp8Q8FT93TEigVLDwNeVAYG+mvdS8T/PSaB74Y54GCfAQjp7qJsIDBFON4c7XDIKYqiBUMn1XzHtE0ko6P3m9RLs+ZEXoVEq2mdF++a0UL7K1pFDh+gInSAbnaMyukZVVEcUPaJn9IYmxpPxarwbH7PSJSPrOUB/wvj8AnIupCM=</latexit>

z = [ x1 x2 ✓ ẋ1 ẋ2 ✓̇ ]T
<latexit sha1_base64="LLIhNCty/P7nY1UjVN+9OCxP604=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWwVVJiqgboSiIywp9CGkMk+mkHTp5MDMRSujGX3HjQhG3foY7/8ZJm4W2HpjL4Zx7uXOPn3AmlWV9G6Wl5ZXVtfJ6ZWNza3vH3N3ryDgVhLZJzGNx72NJOYtoWzHF6X0iKA59Trv+6Dr3u49USBZHLTVOqBviQcQCRrDSkmcepAhdIqeHbjwb5bWuq/vQ8syqVbOmQIvELkgVCjQ986vXj0ka0kgRjqV0bCtRboaFYoTTSaWXSppgMsID6mga4ZBKN5seMEHHWumjIBb6RQpN1d8TGQ6lHIe+7gyxGsp5Lxf/85xUBRduxqIkVTQis0VBypGKUZ4G6jNBieJjTTARTP8VkSEWmCidWUWHYM+fvEg69Zp9VrPvTquNqyKOMhzCEZyADefQgFtoQhsITOAZXuHNeDJejHfjY9ZaMoqZffgD4/MH+jSTdA==</latexit>

u = [ F1 F2 ]T

Linearization:

<latexit sha1_base64="76amL2JspmCy2rLGs73VujnDtKE=">AAACCnicbZDLSsNAFIZPvNZ6q7p0M1oEVyURUTdC0Y3LCvYCTSiT6aQdOpmEmYlQQtZufBU3LhRx6xO4822ctAG19YeBj/+cMzPn92POlLbtL2thcWl5ZbW0Vl7f2NzaruzstlSUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj67zevueSsUicafHMfVCPBAsYARrY/UqB24gMUndGEvNMEdB9sNJhi5RuVep2jV7IjQPTgFVKNToVT7dfkSSkApNOFaq69ix9tL8UsJpVnYTRWNMRnhAuwYFDqny0skqGToyTh8FkTRHaDRxf0+kOFRqHPqmM8R6qGZruflfrZvo4MJLmYgTTQWZPhQkHOkI5bmgPpOUaD42gIlk5q+IDLHJRpv08hCc2ZXnoXVSc85qzu1ptX5VxFGCfTiEY3DgHOpwAw1oAoEHeIIXeLUerWfrzXqfti5Yxcwe/JH18Q16mJoX</latexit>

@f

@u
=

<latexit sha1_base64="RtKOTngD9rifF7k3Gj1cs03x1l0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ae0oWy2m3TpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvSKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuBdRwKRRvo0DJe6nmNA4k7waT27nffeTaiEQ94DTlfkwjJULBKFqpO2iKKPIrw2rNrbsLkL/EK0gNCrSG1c/BKGFZzBUySY3pe26Kfk41Cib5rDLIDE8pm9CI9y1VNObGzxfnzsiZVUYkTLQthWSh/pzIaWzMNA5sZ0xxbFa9ufif188wvPFzodIMuWLLRWEmCSZk/jsZCc0ZyqkllGlhbyVsTDVlaBOah+CtvvyXdC7q3lXdu7+sNZpFHGU4gVM4Bw+uoQF30II2MJjAE7zAq5M6z86b875sLTnFzDH8gvPxDXppjwI=</latexit>#<latexit sha1_base64="OFT1QrjM7FBepu6eDXOWyf7v98g=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7AekoWy2m3TpZrPsboQS+iO8eFDEq7/Hm//GTZuDVh8MPN6bYWZeKDnTxnW/nMra+sbmVnW7trO7t39QPzzq6TRThHZJylM1CLGmnAnaNcxwOpCK4iTktB9Obwu//0iVZql4MDNJgwTHgkWMYGOl/rDN4tivjeoNt+kugP4SryQNKNEZ1T+H45RkCRWGcKy177nSBDlWhhFO57VhpqnEZIpj6lsqcEJ1kC/OnaMzq4xRlCpbwqCF+nMix4nWsyS0nQk2E73qFeJ/np+Z6CbImZCZoYIsF0UZRyZFxe9ozBQlhs8swUQxeysiE6wwMTahIgRv9eW/pHfR9K6a3v1lo9Uu46jCCZzCOXhwDS24gw50gcAUnuAFXh3pPDtvzvuyteKUM8fwC87HN3dfjwA=</latexit>"
<latexit sha1_base64="vqy2hewhAwaT2yQgQB0Vf5jcR+o=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByl/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgOIwyb1YZVGte3ZvDXSV+QWpQoDmofvWHiqYxk0gFMabnewkGGdHIqWCzSj81LCF0QkasZ6kkMTNBNo88c8+sMnQjpe2T6M7V3xsZiY2ZxqGdzCOaZS8X//N6KUY3QcZlkiKTdPFRlAoXlZvf7w65ZhTF1BJCNbdZXTommlC0LeUl+Msnr5L2Rd2/qvsPl7XGbVFHGU7gFM7Bh2towD00oQUUFDzDK7w56Lw4787HYrTkFDvH8AfO5w/J3ZDu</latexit>

0
<latexit sha1_base64="aogRUODmXTC1yzc0egwjmfrd+3w=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF71VsLaQlrLZbtqlm03YfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bIJHCoOt+O6WV1bX1jfJmZWt7Z3evun/waOJUM95isYx1J6CGS6F4CwVK3kk0p1EgeTsY3+R++4lrI2L1gJOE9yI6VCIUjKKV/G5EcRSE2d200q/W3Lo7A1kmXkFqUKDZr351BzFLI66QSWqM77kJ9jKqUTDJp5VuanhC2ZgOuW+pohE3vWwWeUpOrDIgYaztU0hm6u+NjEbGTKLATuYRzaKXi/95forhVS8TKkmRKzb/KEwlwZjk95OB0JyhnFhCmRY2K2EjqilD21Jegrd48jJ5PKt7F3Xv/rzWuC7qKMMRHMMpeHAJDbiFJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kD7/ORBw==</latexit>

I
<latexit sha1_base64="qsDcRLoEFT+YK7MLPDZFOUmA5FM=">AAACCnicbZDLSsNAFIZP6q3WW9Slm9EiuCqJiLoRim5cVrAXaEKZTCft0MmFmYlQQ9ZufBU3LhRx6xO4822ctAG19YeBj/+cMzPn92LOpLKsL6O0sLi0vFJeraytb2xumds7LRklgtAmiXgkOh6WlLOQNhVTnHZiQXHgcdr2Rld5vX1HhWRReKvGMXUDPAiZzwhW2uqZ+44vMEmdGAvFMEd+9sP3GbpAlZ5ZtWrWRGge7AKqUKjRMz+dfkSSgIaKcCxl17Zi5ab5pYTTrOIkksaYjPCAdjWGOKDSTSerZOhQO33kR0KfUKGJ+3sixYGU48DTnQFWQzlby83/at1E+eduysI4UTQk04f8hCMVoTwX1GeCEsXHGjARTP8VkSHW2SidXh6CPbvyPLSOa/Zpzb45qdYvizjKsAcHcAQ2nEEdrqEBTSDwAE/wAq/Go/FsvBnv09aSUczswh8ZH9+CRZoc</latexit>

@f

@z
=

<latexit sha1_base64="ev1RuRqzk57eMZd1Y7Lj8nUwuko=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoioh6LXjxWsR/QhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+Nm7YHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj29xvPaHSPJaPZpygH9GB5CFn1Fjp4azUK1fcqjsFWSbenFRgjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHrphJxYpU/CWNmShkzV3xMZjbQeR4HtjKgZ6kUvF//zOqkJr/2MyyQ1KNlsUZgKYmKSv036XCEzYmwJZYrbWwkbUkWZseHkIXiLLy+T5nnVu6x69xeV2s08jiIcwTGcggdXUIM7qEMDGITwDK/w5oycF+fd+Zi1Fpz5zCH8gfP5A6e0jMk=</latexit>

+
<latexit sha1_base64="Vlopfzi1oY7yOKugZNl3d0G/Qvk=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIqMuiGzdCBfuANpbJdNIOnUzCzKRQQv7EjQtF3Pon7vwbJ20W2npg4HDOvdwzx485U9pxvq3Syura+kZ5s7K1vbO7Z+8ftFSUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj29zvz2hUrFIPOppTL0QDwULGMHaSH3b7oVYj/wgvc+e0jM3q/TtqlNzZkDLxC1IFQo0+vZXbxCRJKRCE46V6rpOrL0US80Ip1mllygaYzLGQ9o1VOCQKi+dJc/QiVEGKIikeUKjmfp7I8WhUtPQN5N5TrXo5eJ/XjfRwbWXMhEnmgoyPxQkHOkI5TWgAZOUaD41BBPJTFZERlhiok1ZeQnu4peXSeu85l7W3IeLav2mqKMMR3AMp+DCFdThDhrQBAITeIZXeLNS68V6tz7moyWr2DmEP7A+fwDVXpMi</latexit>

M�1
<latexit sha1_base64="w9lB2+tOBZqM5coYA45SpDAYhCg=">AAACJHicbVDLSsNAFJ3UV62vqEs3g0WoiCURUcFNURA3QgX7gCaWyXTSDp08mJkIbcjHuPFX3LjwgQs3fouTNvhoPTBwOPfcO/ceJ2RUSMP40HIzs3PzC/nFwtLyyuqavr5RF0HEManhgAW86SBBGPVJTVLJSDPkBHkOIw2nf57WG3eECxr4N3IQEttDXZ+6FCOppLZ+ugctD8me48ZXSWm4exvvm4nlcoRjK0RcUsS+DRdJ8iMOE9jWi0bZGAFOEzMjRZCh2tZfrU6AI4/4EjMkRMs0QmnH6UTMSFKwIkFChPuoS1qK+sgjwo5HRyZwRykd6AZcPV/Ckfq7I0aeEAPPUc50XzFZS8X/aq1Iuid2TP0wksTH44/ciEEZwDQx2KGcYMkGiiDMqdoV4h5SCUmVa0GFYE6ePE3qB2XzqGxeHxYrZ1kcebAFtkEJmOAYVMAlqIIawOAePIJn8KI9aE/am/Y+tua0rGcT/IH2+QVDQqU8</latexit>

+M(z)�1 @F

@z

<latexit sha1_base64="iZXv7C4szlGm+9zKIu0oaXN9+Cg="></latexit>⇥
0 0 �M�1 @M

@✓ M�1F 0 0 0
⇤

<latexit sha1_base64="RJDD+0qdSuHJlPc43ocYJQkRXew=">AAACH3icbVDLSsNAFL3xWesr6tLNYBHcWBKR6rIoiBuhgn1AE8tkOmmHTh7MTIQS8idu/BU3LhQRd/0bJ21FbT0wcDjn3jv3Hi/mTCrLGhkLi0vLK6uFteL6xubWtrmz25BRIgitk4hHouVhSTkLaV0xxWkrFhQHHqdNb3CZ+80HKiSLwjs1jKkb4F7IfEaw0lLHrDgBVn3PT2+y+/TYzpDjC0xSJ8ZCMczRt32VZT9iknXMklW2xkDzxJ6SEkxR65ifTjciSUBDRTiWsm1bsXLTfCDhNCs6iaQxJgPco21NQxxQ6abj+zJ0qJUu8iOhX6jQWP3dkeJAymHg6cp8XTnr5eJ/XjtR/rmbsjBOFA3J5CM/4UhFKA8LdZmgRPGhJpgIpndFpI91QEpHWtQh2LMnz5PGSdmulO3b01L1YhpHAfbhAI7AhjOowjXUoA4EHuEZXuHNeDJejHfjY1K6YEx79uAPjNEXj6qj7w==</latexit>

M�1 @F

@u

<latexit sha1_base64="7t/C1Pm+Z1nhhA3ES7Hh8R/jA64="></latexit>2

4
F1 � k1x1 � d1ẋ1 + k2(x2 � x1) + d2(ẋ2 � ẋ1)
F2 +m3✓̇2` sin ✓ � k2(x2 � x1)� d2(ẋ2 � ẋ1)

�mg` sin ✓

3

5
<latexit sha1_base64="3SvQCNdmVfTWYmKNa+pp7/Iolzw=">AAACAHicbVA9SwNBEN2LXzF+RS0sbBaDYGO4U1HLoI1lBPMBuSPsbSbJkr29Y3dOCEca/4qNhSK2/gw7/42bj0ITHww83pthZl6YSGHQdb+d3NLyyupafr2wsbm1vVPc3aubONUcajyWsW6GzIAUCmooUEIz0cCiUEIjHNyO/cYjaCNi9YDDBIKI9ZToCs7QSu3iwWnUPqc96oOU1DdCUR/7gKxdLLlldwK6SLwZKZEZqu3il9+JeRqBQi6ZMS3PTTDImEbBJYwKfmogYXzAetCyVLEITJBNHhjRY6t0aDfWthTSifp7ImORMcMotJ0Rw76Z98bif14rxe51kAmVpAiKTxd1U0kxpuM0aEdo4CiHljCuhb2V8j7TjKPNrGBD8OZfXiT1s7J3WfbuL0qVm1kceXJIjsgJ8cgVqZA7UiU1wsmIPJNX8uY8OS/Ou/Mxbc05s5l98gfO5w/tBZVb</latexit>

�m3g` sin ✓

<latexit sha1_base64="MNtw6WMoud8qnMqCeyspaUj7fIY=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0VwY0lE1I1QdONGqGAf0IQymU7aoZMHMzdCCfkKN/6KGxeKuBV3/o2TNovaemDgcM69d+49Xiy4Asv6MUpLyyura+X1ysbm1vaOubvXUlEiKWvSSESy4xHFBA9ZEzgI1oklI4EnWNsb3eR++5FJxaPwAcYxcwMyCLnPKQEt9cwTx5eEpk5MJHAisBMQGHp+epdlMyIMGZAMX/XMqlWzJsCLxC5IFRVo9Mxvpx/RJGAhUEGU6tpWDG6az6WCZRUnUSwmdEQGrKtpSAKm3HRyVoaPtNLHfiT1CwFP1NmOlARKjQNPV+Zbq3kvF//zugn4l27KwzgBFtLpR34iMEQ4zwj3uWQUxFgTQiXXu2I6JDon0ElWdAj2/MmLpHVas89r9v1ZtX5dxFFGB+gQHSMbXaA6ukUN1EQUPaEX9IbejWfj1fgwPqelJaPo2Ud/YHz9AkphoA8=</latexit>

@M

@✓
=

<latexit sha1_base64="6g0S57ZOeuaqUXSPqBCO1MS0d/w="></latexit>2

4
0 0 0
0 0 �m3` sin ✓
0 �m3` sin ✓ 0

3

5

<latexit sha1_base64="wGOpxzRDU6TjblAybnVu6bRT5Xg="></latexit>2

4
�k1 � k2 k2 0 �d1 � d2 d2 0

k2 �k2 m3✓̇2` cos ✓ d2 �d2 2✓̇m3` sin ✓
0 0 �m3g` cos ✓ 0 0 0

3

5
<latexit sha1_base64="Vs1QW0fQAOaPHFXjTR3ZaOcwpRU=">AAACEXicbVDLSsNAFL3xWesr6tLNYBG6KomIuhGKgrisYB/QhDKZTtqhkwczE6GG/IIbf8WNC0XcunPn3zhpA2rrgYHDOffeufd4MWdSWdaXsbC4tLyyWlorr29sbm2bO7stGSWC0CaJeCQ6HpaUs5A2FVOcdmJBceBx2vZGl7nfvqNCsii8VeOYugEehMxnBCst9cyq4wtMUifGQjHMkRNgNfT89CrLfsT7DJ33zIpVsyZA88QuSAUKNHrmp9OPSBLQUBGOpezaVqzcNB9JOM3KTiJpjMkID2hX0xAHVLrp5KIMHWqlj/xI6BcqNFF/d6Q4kHIceLoyX1jOern4n9dNlH/mpiyME0VDMv3ITzhSEcrjQX0mKFF8rAkmguldERliHZHSIZZ1CPbsyfOkdVSzT2r2zXGlflHEUYJ9OIAq2HAKdbiGBjSBwAM8wQu8Go/Gs/FmvE9LF4yiZw/+wPj4BjUGnd4=</latexit>

@F

@z
=

<latexit sha1_base64="G4QZSdoS1drIsiZspZeo84pyX2U=">AAACEnicbVDLSsNAFL2pr1pfUZduBougm5KIqBuhKIjLCvYBTSiT6aQdOnkwMxFKyDe48VfcuFDErSt3/o2TNqC2Hhg4nHPvnXuPF3MmlWV9GaWFxaXllfJqZW19Y3PL3N5pySgRhDZJxCPR8bCknIW0qZjitBMLigOP07Y3usr99j0VkkXhnRrH1A3wIGQ+I1hpqWceOb7AJHViLBTDHDkBVkPPT6+z7EdMMnSBembVqlkToHliF6QKBRo989PpRyQJaKgIx1J2bStWbprPJJxmFSeRNMZkhAe0q2mIAyrddHJShg600kd+JPQLFZqovztSHEg5DjxdmW8sZ71c/M/rJso/d1MWxomiIZl+5CccqQjl+aA+E5QoPtYEE8H0rogMsc5I6RQrOgR79uR50jqu2ac1+/akWr8s4ijDHuzDIdhwBnW4gQY0gcADPMELvBqPxrPxZrxPS0tG0bMLf2B8fAOSzJ4D</latexit>

@F

@u
=

<latexit sha1_base64="JjwTL9GWxkNIyAP/Z/QzQ7GK12A=">AAACH3icbZDLSsNAFIYnXmu8RV26GSyKq5KIVJdFNy4r2As0oUymp+3QySTMTMQS+iZufBU3LhQRd30bp20Ubf1h4OM/5zDn/GHCmdKuO7aWlldW19YLG/bm1vbOrrO3X1dxKinUaMxj2QyJAs4E1DTTHJqJBBKFHBrh4HpSb9yDVCwWd3qYQBCRnmBdRok2Vtsp+yH0mMjCiGjJHka2h0+wi33fdg143+Bi2wfR+WlrO0W35E6FF8HLoYhyVdvOp9+JaRqB0JQTpVqem+ggI1IzymFk+6mChNAB6UHLoCARqCCb3jfCx8bp4G4szRMaT93fExmJlBpGoek0+/XVfG1i/ldrpbp7GWRMJKkGQWcfdVOOdYwnYeEOk0A1HxogVDKzK6Z9IgnVJlLbhODNn7wI9bOSVy55t+fFylUeRwEdoiN0ijx0gSroBlVRDVH0iJ7RK3qznqwX6936mLUuWfnMAfoja/wFe0Ke6w==</latexit>2

4
1 0
0 1
0 0

3

5

<latexit sha1_base64="l2Ugl02wXDnbzBSKXsioGAyh6Dw=">AAACD3icbVDLSgMxFL1TX7W+Rl26CRbFjWVGRN0IRUHcCBXsA9qxZNJMG5p5kGSEMswfuPFX3LhQxK1bd/6NmT5AWw8Ezj3nXnLvcSPOpLKsbyM3N7+wuJRfLqysrq1vmJtbNRnGgtAqCXkoGi6WlLOAVhVTnDYiQbHvclp3+5eZX3+gQrIwuFODiDo+7gbMYwQrLbXN/ZaPVc/1EpyiczQpbtL75NBOJ+VV2jaLVskaAs0Se0yKMEalbX61OiGJfRoowrGUTduKlJNgoRjhNC20YkkjTPq4S5uaBtin0kmG96RoTysd5IVCv0Chofp7IsG+lAPf1Z3ZhnLay8T/vGasvDMnYUEUKxqQ0UdezJEKURYO6jBBieIDTTARTO+KSA8LTJSOsKBDsKdPniW1o5J9UrJvj4vli3EcediBXTgAG06hDNdQgSoQeIRneIU348l4Md6Nj1FrzhjPbMMfGJ8//aucpA==</latexit>

a = M�1F

<latexit sha1_base64="KJk6aJ9rfd/3nEin2NF3JYzxG1o=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlQQ7ZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fANBxZoI</latexit>

@f

@z
=

<latexit sha1_base64="+LmFMV/GwJe166lhiSFP32aH+Yg=">AAACJHicbVDLSgNBEJz1bXxFPXoZDEJECLtRVBBB9OJRwWggmyyzk44ZMrO7zPSKYcnHePFXvHjwgQcvfouTx0GNBU0XVd3MdIWJFAZd99OZmJyanpmdm88tLC4tr+RX165NnGoOFR7LWFdDZkCKCCooUEI10cBUKOEm7Jz1/Zs70EbE0RV2E6grdhuJluAMrRTkj3yEe8yagD16TFWwS32QslEuqqBMd/rC9rA1ygOH+jw21Mc2IAvyBbfkDkDHiTciBTLCRZB/85sxTxVEyCUzpua5CdYzplFwCb2cnxpIGO+wW6hZGjEFpp4NjuzRLas0aSvWtiKkA/XnRsaUMV0V2knFsG3+en3xP6+WYuuwnokoSREiPnyolUqKMe0nRptCA0fZtYRxLexfKW8zzTjaXHM2BO/vyePkulzy9kve5V7h5HQUxxzZIJukSDxyQE7IObkgFcLJA3kiL+TVeXSenXfnYzg64Yx21skvOF/f1x+h2Q==</latexit>

det = m3`
2(m2 +m3) +m2

3` cos ✓

<latexit sha1_base64="qXa5/V3edWxrsafDfrIEgpCK9KM="></latexit>
m3`2 �m3` cos ✓

�m3` cos ✓ m2 +m3

�
<latexit sha1_base64="RVFWvj5DaAOHbcFOoHEK9ZJAagw=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUlE1GXRjcsK9gFtKJPJTTt08mDmRqwh+CtuXCji1v9w5984bbPQ1gMXDufcy733eIngCm372ygtLa+srpXXKxubW9s75u5eS8WpZNBksYhlx6MKBI+giRwFdBIJNPQEtL3R9cRv34NUPI7ucJyAG9JBxAPOKGqpbx70AklZ5uRZD+EBMx8wz/tm1a7ZU1iLxClIlRRo9M2vnh+zNIQImaBKdR07QTejEjkTkFd6qYKEshEdQFfTiIag3Gx6fW4da8W3gljqitCaqr8nMhoqNQ493RlSHKp5byL+53VTDC7djEdJihCx2aIgFRbG1iQKy+cSGIqxJpRJrm+12JDqOFAHVtEhOPMvL5LWac05rzm3Z9X6VRFHmRySI3JCHHJB6uSGNEiTMPJInskreTOejBfj3fiYtZaMYmaf/IHx+QN/OZXo</latexit>

1

det

<latexit sha1_base64="w90qZulc5A2R3TH2+HI+nGCTX6M=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqkxE1GXRjcsK9gHtUDJppg1NMmOSKZRhvsONC0Xc+jHu/BvTx0JbD1w4nHMv994TJoIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZxqyho0FrFuh8QwwRVrWG4FayeaERkK1gpHd1O/NWba8Fg92knCAkkGikecEuukoBtpQjOcZ7KH81654lf9GdAqwQtSgQXqvfJXtx/TVDJlqSDGdLCf2CAj2nIqWF7qpoYlhI7IgHUcVUQyE2Szo3N05pQ+imLtSlk0U39PZEQaM5Gh65TEDs2yNxX/8zqpjW6CjKsktUzR+aIoFcjGaJoA6nPNqBUTRwjV3N2K6JC4HKzLqeRCwMsvr5LmRRVfVfHDZaV2u4ijCCdwCueA4RpqcA91aACFJ3iGV3jzxt6L9+59zFsL3mLmGP7A+/wBwiGSGA==</latexit>

1

m1

<latexit sha1_base64="Nh7TLHkIWAHD9QsOwjc+3htkUJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBexGMug==</latexit>

0
<latexit sha1_base64="Nh7TLHkIWAHD9QsOwjc+3htkUJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBexGMug==</latexit>

0
<latexit sha1_base64="Nh7TLHkIWAHD9QsOwjc+3htkUJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBexGMug==</latexit>

0
<latexit sha1_base64="Nh7TLHkIWAHD9QsOwjc+3htkUJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBexGMug==</latexit>

0

<latexit sha1_base64="sPt5zFMtFZrmK4yzsY2e6HpymSQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ae0oWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZqDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbud+94kqzaR4MNOE+jGOBAsZwcZKnUGTRZE/rNbcupsDrRKvIDUo0BpWvwYjSdKYCkM41rrvuYnxM6wMI5zOKoNU0wSTCY5o31KBY6r9LL92hs6sMkKhVLaEQbn6eyLDsdbTOLCdMTZjvezNxf+8fmrCGz9jIkkNFWSxKEw5MhLNX0cjpigxfGoJJorZWxEZY4WJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0Qhju4=</latexit>#
<latexit sha1_base64="SYIXPJmFfhu4vD8FJ6Tb82h/axQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7AekoWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MOVMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WmCG0TyaXqhVhTzgRtG2Y47aWK4iTktBuOb2d+94kqzaR4MJOUBgmOBYsYwcZKnX6TxbE/qNbcujsHWiVeQWpQoDWofvWHkmQJFYZwrLXvuakJcqwMI5xOK/1M0xSTMY6pb6nACdVBPr92is6sMkSRVLaEQXP190SOE60nSWg7E2xGetmbif95fmaimyBnIs0MFWSxKMo4MhLNXkdDpigxfGIJJorZWxEZYYWJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0EZjuw=</latexit>"

Eigenvalues

Linearization Stability - Case 2
<latexit sha1_base64="jQ/hhWDv2iQ69SmIh3gluR/Xsvw=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFclUkVdSMU3bisYB/QDkMmTdvQJDMkGWEY6q+4caGIWz/EnX9jOp2Fth7I5XDOvdybE8acaeN5387K6tr6xmZpq7y9s7u37x4ctnWUKEJbJOKR6oZYU84kbRlmOO3GimIRctoJJ7czv/NIlWaRfDBpTH2BR5INGcHGSoFbEQGC11AE9bye2YoCt+rVvBxwmaCCVEGBZuB+9QcRSQSVhnCsdQ95sfEzrAwjnE7L/UTTGJMJHtGepRILqv0sP34KT6wygMNI2ScNzNXfExkWWqcitJ0Cm7Fe9Gbif14vMcMrP2MyTgyVZL5omHBoIjhLAg6YosTw1BJMFLO3QjLGChNj8yrbENDil5dJu15DFzV0f15t3BRxlMAROAanAIFL0AB3oAlagIAUPINX8OY8OS/Ou/Mxb11xipkK+APn8wd29ZIR</latexit>

m1 = m2 = m3 = 1
<latexit sha1_base64="Iw/nfGChkdg58eNDuwBPKTOnKv4=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqkyKqBuh6MZlBfuAdhgyaaYNzWTGJFMoQ7/DjQtF3Pox7vwb03YW2nrgXg7n3EtuTpAIro3rfjuFtfWNza3idmlnd2//oHx41NJxqihr0ljEqhMQzQSXrGm4EayTKEaiQLB2MLqb+e0xU5rH8tFMEuZFZCB5yCkxVvJGPkY3aOTXbMd+ueJW3TnQKsE5qUCOhl/+6vVjmkZMGiqI1l3sJsbLiDKcCjYt9VLNEkJHZMC6lkoSMe1l86On6MwqfRTGypY0aK7+3shIpPUkCuxkRMxQL3sz8T+vm5rw2su4TFLDJF08FKYCmRjNEkB9rhg1YmIJoYrbWxEdEkWosTmVbAh4+curpFWr4ssqfrio1G/zOIpwAqdwDhiuoA730IAmUHiCZ3iFN2fsvDjvzsditODkO8fwB87nD8JxkCQ=</latexit>

k1 = k2 = 1
<latexit sha1_base64="+lpfnvQsm+TC9LNtnYbdtQrdBh8=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqkyKqBuh6MZlBfuAdhgymUwbmsmMSaZQSr/DjQtF3Pox7vwb03YW2nrgXg7n3EtuTpAKro3rfjuFtfWNza3idmlnd2//oHx41NJJpihr0kQkqhMQzQSXrGm4EayTKkbiQLB2MLyb+e0RU5on8tGMU+bFpC95xCkxVvJCH6MbFPo127FfrrhVdw60SnBOKpCj4Ze/emFCs5hJQwXRuovd1HgTogyngk1LvUyzlNAh6bOupZLETHuT+dFTdGaVEEWJsiUNmqu/NyYk1nocB3YyJmagl72Z+J/XzUx07U24TDPDJF08FGUCmQTNEkAhV4waMbaEUMXtrYgOiCLU2JxKNgS8/OVV0qpV8WUVP1xU6rd5HEU4gVM4BwxXUId7aEATKDzBM7zCmzNyXpx352MxWnDynWP4A+fzB6y7kBY=</latexit>

d1 = d2 = 1

<latexit sha1_base64="XMqfWWjJpeUNMEzoKqAQo1JhTJU=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1ItQ9OKxgrWFJpTNdtIu3WzC7kQooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaWV1b3yhvVra2d3b3qvsHjybJNIcWT2SiOyEzIIWCFgqU0Ek1sDiU0A5Ht1O//QTaiEQ94DiFIGYDJSLBGVrJ93EIyHoevaZur1pz6+4MdJl4BamRAs1e9cvvJzyLQSGXzJiu56YY5Eyj4BImFT8zkDI+YgPoWqpYDCbIZzdP6IlV+jRKtC2FdKb+nshZbMw4Dm1nzHBoFr2p+J/XzTC6CnKh0gxB8fmiKJMUEzoNgPaFBo5ybAnjWthbKR8yzTjamCo2BG/x5WXyeFb3Lure/XmtcVPEUSZH5JicEo9ckga5I03SIpyk5Jm8kjcnc16cd+dj3lpyiplD8gfO5w92h5Cn</latexit>

✓1 = 0

<latexit sha1_base64="LugKpuBnl8GYqcbW51z/a2TIxqE="></latexit>2

6666664

0. 0. 0. 1. 0. 0.
0. 0. 0. 0. 1. 0.
0. 0. 0. 0. 0. 1.
�2. 1. 0. �2. 1. 0.
1. �1. 10. 1. �1. 0.

�0.01 0.01 �0.2 �0.01 0.01 0.

3

7777775

<latexit sha1_base64="R6l2MDTVBqIBD/AwvtKOjoWeLng=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvgQodJFasLoejGZQX7gE4pmUymDc08SDJCGbpz46+4caGIW3/BnX9jpp2Fth4IHM45l5t73JgzqWz72ygsLC4trxRXS2vrG5tb5vZOU0aJILRBIh6Jtosl5SykDcUUp+1YUBy4nLbc4U3mtx6okCwK79Uopt0A90PmM4KVlnrmvsN12MO9FB1XxlcnyDpFThzY1mWVQVjqmWXbsieA8wTlpAxy1Hvml+NFJAloqAjHUnaQHatuioVihNNxyUkkjTEZ4j7taBrigMpuOrljDA+14kE/EvqFCk7U3xMpDqQcBa5OBlgN5KyXif95nUT5F92UhXGiaEimi/yEQxXBrBToMUGJ4iNNMBFM/xWSARaYKF1dVgKaPXmeNCsWOrfQ3Vm5dp3XUQR74AAcAQSqoAZuQR00AAGP4Bm8gjfjyXgx3o2PabRg5DO74A+Mzx9cR5Zn</latexit>

�1,2 = �1.31± 0.97i
<latexit sha1_base64="HY2cdSUoorOVwdI1LhpU+75b35o=">AAACB3icbVDLSsNAFJ3UV42vqEtBBovgQkOipXYjFN24rGAf0IQwmUzboZMHMxOhhO7c+CtuXCji1l9w5984abPQ1gMDh3PO5c49fsKokJb1rZWWlldW18rr+sbm1vaOsbvXFnHKMWnhmMW86yNBGI1IS1LJSDfhBIU+Ix1/dJP7nQfCBY2jezlOiBuiQUT7FCOpJM84dJgKB8jLLk6rkyv9zDLtupOE0DJrNap7RsUyrSngIrELUgEFmp7x5QQxTkMSScyQED3bSqSbIS4pZmSiO6kgCcIjNCA9RSMUEuFm0zsm8FgpAezHXL1Iwqn6eyJDoRDj0FfJEMmhmPdy8T+vl8p+3c1olKSSRHi2qJ8yKGOYlwIDygmWbKwIwpyqv0I8RBxhqarLS7DnT14k7XPTrpn2XbXSuC7qKIMDcAROgA0uQQPcgiZoAQwewTN4BW/ak/aivWsfs2hJK2b2wR9onz89wpZV</latexit>

�3,4 = �0.18± 0.66i

<latexit sha1_base64="0Y7bcQdKOq9nwHumhH6HgOeBK/o=">AAACDHicbVDLSsNAFJ34rPFVdelmsAguNCTF1roQim5cVrAPaEKZTCbt0MkkzEyEEvoBbvwVNy4UcesHuPNvnLRdaOuBgcM553LnHj9hVCrb/jaWlldW19YLG+bm1vbObnFvvyXjVGDSxDGLRcdHkjDKSVNRxUgnEQRFPiNtf3iT++0HIiSN+b0aJcSLUJ/TkGKktNQrllymwwHqZZXT6vjKPLMt2750oJtE0LbKtQo1TZ3K1RxwkTgzUgIzNHrFLzeIcRoRrjBDUnYdO1FehoSimJGx6aaSJAgPUZ90NeUoItLLJseM4bFWAhjGQj+u4ET9PZGhSMpR5OtkhNRAznu5+J/XTVVY8zLKk1QRjqeLwpRBFcO8GRhQQbBiI00QFlT/FeIBEggr3V9egjN/8iJplS2najl356X69ayOAjgER+AEOOAC1MEtaIAmwOARPINX8GY8GS/Gu/ExjS4Zs5kD8AfG5w9H1pdJ</latexit>

�5,6 = �0.0091± 0.285i

<latexit sha1_base64="vtwJw2ron8bMPaa0uNmBJJISJoU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgv3ANpTNdtIu3WzC7kYoof/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5YMYJ+hEdSB5yRo2VHrsoBLkmnuv2yhW36s5AlomXkwrkqPfKX91+zNIIpWGCat3x3MT4GVWGM4GTUjfVmFA2ogPsWCpphNrPZhdPyIlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhlZ9xmaQGJZsvClNBTEym75M+V8iMGFtCmeL2VsKGVFFmbEglG4K3+PIyaZ5VvYuqd39eqd3kcRThCI7hFDy4hBrcQR0awEDCM7zCm6OdF+fd+Zi3Fpx85hD+wPn8AZJqj4s=</latexit>

` = 100

Comments

Notice that the imaginary parts of the evals 
are smaller than when the pendulum length 
was shorter.  Increasing pendulum length 
leads to slower oscillations of the system.

The real parts of the evals have slightly 
smaller magnitudes meaning the system  
decays slower.

<latexit sha1_base64="yKYd9zaRmKRuhoRLv7LoARQjRjw=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlYQrZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fAM+tZoG</latexit>

@f

@x
=

… other states/forces = 0



Example: Two Blocks + Pendulum Free Body Diagrams

Block 1

Kinematics

Dynamics:

<latexit sha1_base64="Jl6U/80Y4OCqS/GzNhOvULJrz64=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh3Hf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVa9W9e4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD5y42Z</latexit>

k1
<latexit sha1_base64="rTF8T6tLw0pLZekIMTPHaz3r8sM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK1hbaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjLdYIhPdCajhUijeQoGSd1LNaRxI3g5GN1O//cS1EYl6wHHK/ZgOlIgEo2il+7Dv9as1t+7OQJaJV5AaFGj2q1+9MGFZzBUySY3pem6Kfk41Cib5pNLLDE8pG9EB71qqaMyNn89OnZATq4QkSrQthWSm/p7IaWzMOA5sZ0xxaBa9qfif180wuvJzodIMuWLzRVEmCSZk+jcJheYM5dgSyrSwtxI2pJoytOlUbAje4svL5PGs7l3UvbvzWuO6iKMMR3AMp+DBJTTgFprQAgYDeIZXeHOk8+K8Ox/z1pJTzBzCHzifP+8hjZI=</latexit>

d1

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="Pq8Y5lpI1WrAkKy2RY8QNCh0YLU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPBbY10</latexit>

F1

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="4UzQl73GG4I16IwPQBbBI2jdw7Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyqqMegF48RzQOSJcxOZpMh81hmZoWw5BO8eFDEq1/kzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTv3WE9WGKfloxwkNBR5IFjOCrZMeRO+8V674VX8GtEyCnFQgR71X/ur2FUkFlZZwbEwn8BMbZlhbRjidlLqpoQkmIzygHUclFtSE2ezUCTpxSh/FSruSFs3U3xMZFsaMReQ6BbZDs+hNxf+8Tmrj6zBjMkktlWS+KE45sgpN/0Z9pimxfOwIJpq5WxEZYo2JdemUXAjB4svLpHlWDS6rwf1FpXaTx1GEIziGUwjgCmpwB3VoAIEBPMMrvHnce/HevY95a8HLZw7hD7zPH//fjZ0=</latexit>m3

<latexit sha1_base64="Sv8BT+dsvuVxy/R+C35hx8Sczh0=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKe5KUC9C0IvHCOYB2TXMTnqTIbMPZnqVsOQ/vHhQxKv/4s2/cZLsQaMFDUVVN91dfiKFRtv+sgpLyyura8X10sbm1vZOeXevpeNUcWjyWMaq4zMNUkTQRIESOokCFvoS2v7oeuq3H0BpEUd3OE7AC9kgEoHgDI107+IQkNFL6ibipNYrV+yqPQP9S5ycVEiORq/86fZjnoYQIZdM665jJ+hlTKHgEiYlN9WQMD5iA+gaGrEQtJfNrp7QI6P0aRArUxHSmfpzImOh1uPQN50hw6Fe9Kbif143xeDCy0SUpAgRny8KUkkxptMIaF8o4CjHhjCuhLmV8iFTjKMJqmRCcBZf/ktap1XnrOrc1ir1qzyOIjkgh+SYOOSc1MkNaZAm4USRJ/JCXq1H69l6s97nrQUrn9knv2B9fAMP9ZGT</latexit>

✓ = ⇡/4

<latexit sha1_base64="OtFut2t1oeeBbCZBcPqXrEbV6x4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6p7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA9ejkE=</latexit>

`
<latexit sha1_base64="Xh4Xc41jus8oyAFvcAsLe257fk4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDv1W09MG67kgx0nLIjJQPKIU2Kd1Byga4T9XrniV/0Z0DLBOalAjnqv/NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ+jEKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gkgsBL768TJpnVXxRxffnldpNHkcRjuAYTgHDJdTgDurQAAqP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwDbNo4B</latexit>

g = 10

<latexit sha1_base64="MeeW59RNc5n/WcyFwX2ZwPWPS9A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MO7X+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH7T42a</latexit>

k2
<latexit sha1_base64="WVTk2Sa48NbWsCa+TxUceyC/rvA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWw2m3bpZhN2J0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTjDdZIhPdCajhUijeRIGSd1LNaRxI3g5GtzO//cS1EYl6xHHK/ZgOlIgEo2ilh7Bf65crbtWdg6wSLycVyNHol796YcKymCtkkhrT9dwU/QnVKJjk01IvMzylbEQHvGupojE3/mR+6pScWSUkUaJtKSRz9ffEhMbGjOPAdsYUh2bZm4n/ed0Mo2t/IlSaIVdssSjKJMGEzP4modCcoRxbQpkW9lbChlRThjadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwDO8wpsjnRfn3flYtBacfOYY/sD5/AHwpY2T</latexit>

d2

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="l5q9WZht3sUz+jWYFI33L+hwNxs=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD7Jf65crXtWbA68SPycVyNHol796g5imkilLBTGm63uJDTKiLaeCTUu91LCE0DEZsq6jikhmgmx+6hSfOWWAo1i7UhbP1d8TGZHGTGToOiWxI7PszcT/vG5qo+sg4ypJLVN0sShKBbYxnv2NB1wzasXEEUI1d7diOiKaUOvSKbkQ/OWXV0mrVvUvq/79RaV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwD+W42c</latexit>m2

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="Sv8BT+dsvuVxy/R+C35hx8Sczh0=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKe5KUC9C0IvHCOYB2TXMTnqTIbMPZnqVsOQ/vHhQxKv/4s2/cZLsQaMFDUVVN91dfiKFRtv+sgpLyyura8X10sbm1vZOeXevpeNUcWjyWMaq4zMNUkTQRIESOokCFvoS2v7oeuq3H0BpEUd3OE7AC9kgEoHgDI107+IQkNFL6ibipNYrV+yqPQP9S5ycVEiORq/86fZjnoYQIZdM665jJ+hlTKHgEiYlN9WQMD5iA+gaGrEQtJfNrp7QI6P0aRArUxHSmfpzImOh1uPQN50hw6Fe9Kbif143xeDCy0SUpAgRny8KUkkxptMIaF8o4CjHhjCuhLmV8iFTjKMJqmRCcBZf/ktap1XnrOrc1ir1qzyOIjkgh+SYOOSc1MkNaZAm4USRJ/JCXq1H69l6s97nrQUrn9knv2B9fAMP9ZGT</latexit>

✓ = ⇡/4

<latexit sha1_base64="OtFut2t1oeeBbCZBcPqXrEbV6x4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6p7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA9ejkE=</latexit>

`

<latexit sha1_base64="VR+ZOchMFpo5vD/og6TLjqdqvjw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh9te0itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMg+I2z</latexit>

Fp

<latexit sha1_base64="gg+Bkn7RnYX4BoCQllMUcLQ+tYg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btbhJ2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4bua3n1BpHkcPZpKgL+kw4iFn1FipIfvlilt15yCrxMtJBXLU++Wv3iBmqcTIMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtjahE7WfzQ6fkzCoDEsbKVmTIXP09kVGp9UQGtlNSM9LL3kz8z+umJrzxMx4lqcGILRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB14WM9w==</latexit>m

<latexit sha1_base64="Xh4Xc41jus8oyAFvcAsLe257fk4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDv1W09MG67kgx0nLIjJQPKIU2Kd1Byga4T9XrniV/0Z0DLBOalAjnqv/NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ+jEKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gkgsBL768TJpnVXxRxffnldpNHkcRjuAYTgHDJdTgDurQAAqP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwDbNo4B</latexit>

g = 10

<latexit sha1_base64="Pq8Y5lpI1WrAkKy2RY8QNCh0YLU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPBbY10</latexit>

F1<latexit sha1_base64="skeX6jq2/J2zA/jYJKe14f0nR54=">AAACAXicbZDLSgMxFIbPeK31NupGcBMsggspMyLqsujGZQV7gXYYMmnahmYuJGfEMtSNr+LGhSJufQt3vo1pOwtt/SHw8Z9zkpw/SKTQ6Djf1sLi0vLKamGtuL6xubVt7+zWdZwqxmsslrFqBlRzKSJeQ4GSNxPFaRhI3ggG1+N6454rLeLoDocJ90Lai0RXMIrG8u39B989Ie1OjCSnHH275JSdicg8uDmUIFfVt7/MLSwNeYRMUq1brpOgl1GFgkk+KrZTzRPKBrTHWwYjGnLtZZMNRuTIOB3SjZU5EZKJ+3sio6HWwzAwnSHFvp6tjc3/aq0Uu5deJqIkRR6x6UPdVBKMyTgO0hGKM5RDA5QpYf5KWJ8qytCEVjQhuLMrz0P9tOyel93bs1LlKo+jAAdwCMfgwgVU4AaqUAMGj/AMr/BmPVkv1rv1MW1dsPKZPfgj6/MH2liVOw==</latexit>

x1, ẋ1, ẍ1

Block 2
<latexit sha1_base64="QTvPlFewujsBhR+uv1nPt/0Uqxg=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYBBdSZoqoy6IblxXsBdphyKSZNjSTGZIzYhnqxldx40IRt76FO9/GtJ2Ftv4Q+PjPOUnOHySCa3Ccb6uwtLyyulZcL21sbm3v2Lt7TR2nirIGjUWs2gHRTHDJGsBBsHaiGIkCwVrB8HpSb90zpXks72CUMC8ifclDTgkYy7cPHvzqKe72YsA55ejbZafiTIUXwc2hjHLVffvL3ELTiEmggmjdcZ0EvIwo4FSwcambapYQOiR91jEoScS0l003GONj4/RwGCtzJOCp+3siI5HWoygwnRGBgZ6vTcz/ap0Uwksv4zJJgUk6eyhMBYYYT+LAPa4YBTEyQKji5q+YDogiFExoJROCO7/yIjSrFfe84t6elWtXeRxFdIiO0Aly0QWqoRtURw1E0SN6Rq/ozXqyXqx362PWWrDymX30R9bnD98ElT4=</latexit>

x2, ẋ2, ẍ2

Pendulum

<latexit sha1_base64="s5EoyW8rmnT70NWAvY1F2lZZUiI=">AAACAXicbVDLSgNBEJz1GeNr1YvgZTAIXgy7IupFCHrxGME8ILsss5NOMmT2wUyvEEK8+CtePCji1b/w5t84SfagiQUNRVU33V1hKoVGx/m2FhaXlldWC2vF9Y3NrW17Z7euk0xxqPFEJqoZMg1SxFBDgRKaqQIWhRIaYf9m7DceQGmRxPc4SMGPWDcWHcEZGimw9wdBSq/oCfVASurxRFMPe4AssEtO2ZmAzhM3JyWSoxrYX1474VkEMXLJtG65Tor+kCkUXMKo6GUaUsb7rAstQ2MWgfaHkw9G9MgobdpJlKkY6UT9PTFkkdaDKDSdEcOenvXG4n9eK8POpT8UcZohxHy6qJNJigkdx0HbQgFHOTCEcSXMrZT3mGIcTWhFE4I7+/I8qZ+W3fOye3dWqlzncRTIATkkx8QlF6RCbkmV1Agnj+SZvJI368l6sd6tj2nrgpXP7JE/sD5/AHFQlZ8=</latexit>

yp = �` cos ✓
<latexit sha1_base64="Wo0SVK2iyMPOjg76nvQoGtXfINs=">AAACEnicbZDLSgMxFIYz9VbrrerSTbAIuikzIupGKLpxWcFeoFNKJj1tQzOZITkjlKHP4MZXceNCEbeu3Pk2ptMutPWHwMd/zkly/iCWwqDrfju5peWV1bX8emFjc2t7p7i7VzdRojnUeCQj3QyYASkU1FCghGasgYWBhEYwvJnUGw+gjYjUPY5iaIesr0RPcIbW6hRP/G6E6WjciekVzdjHASAbUx+kpL4Rik6dTrHklt1MdBG8GZTITNVO8cvex5MQFHLJjGl5boztlGkUXMK44CcGYsaHrA8ti4qFYNppttKYHlmnS3uRtkchzdzfEykLjRmFge0MGQ7MfG1i/ldrJdi7bKdCxQmC4tOHeomkGNFJPrQrNHCUIwuMa2H/SvmAacbRpliwIXjzKy9C/bTsnZe9u7NS5XoWR54ckENyTDxyQSrkllRJjXDySJ7JK3lznpwX5935mLbmnNnMPvkj5/MHLJOdyQ==</latexit>

ẏp = ✓̇` sin ✓
<latexit sha1_base64="vKSK0Z3oGqSiVA9FrqLFuepDuHc=">AAACNnicbVDLSgMxFM34rPVVdekmWARBKDMi6kYounEjVLAP6NSSSW/b0ExmSO4IZehXufE73HXjQhG3foJpO+DzQuDknHNvck8QS2HQdcfO3PzC4tJybiW/ura+sVnY2q6ZKNEcqjySkW4EzIAUCqooUEIj1sDCQEI9GFxO9Po9aCMidYvDGFoh6ynRFZyhpdqFa7/TiTAdjtoxPaezi499QDaiPkhJfSMUnTH00Bq+9LujzMEjkznahaJbcqdF/wIvA0WSVaVdeLITeRKCQi6ZMU3PjbGVMo2CSxjl/cRAzPiA9aBpoWIhmFY6XXtE9y3Tod1I26OQTtnvHSkLjRmGgXWGDPvmtzYh/9OaCXbPWqlQcYKg+OyhbiIpRnSSIe0IDRzl0ALGtbB/pbzPNONok87bELzfK/8FtaOSd1Lybo6L5YssjhzZJXvkgHjklJTJFamQKuHkgYzJC3l1Hp1n5815n1nnnKxnh/wo5+MT+WmsDQ==</latexit>

ÿp = ✓̈` sin ✓ + ✓̇2` cos ✓

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="/rZAd4lc2G6FCQIDhVAWkVLUlxw=">AAAB/3icbVDLSgMxFL1TX7W+RgU3boJFqAvLTBF1IxQFcVnBPqAdhkyaaUMzD5KMtIxd+CtuXCji1t9w59+YtrPQ6oF7OZxzL7k5XsyZVJb1ZeQWFpeWV/KrhbX1jc0tc3unIaNEEFonEY9Ey8OSchbSumKK01YsKA48Tpve4GriN++pkCwK79Qopk6AeyHzGcFKS665d+2mA7cyvtCtNHQr6BgNXfvINYtW2ZoC/SV2RoqQoeaan51uRJKAhopwLGXbtmLlpFgoRjgdFzqJpDEmA9yjbU1DHFDppNP7x+hQK13kR0JXqNBU/bmR4kDKUeDpyQCrvpz3JuJ/XjtR/rmTsjBOFA3J7CE/4UhFaBIG6jJBieIjTTARTN+KSB8LTJSOrKBDsOe//Jc0KmX7tGzfnhSrl1kcediHAyiBDWdQhRuoQR0IPMATvMCr8Wg8G2/G+2w0Z2Q7u/ALxsc3DJWULg==</latexit>

Fk2 = k2(x2 � x1)
<latexit sha1_base64="59P3Xqa0/IQN/2gVvk8rkEHi5SU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0y5JN0zY2myxJVixL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJYIb6/vfXmFldW19o7hZ2tre2d0r7x80jUo1ZQ2qhNLtiBgmuGQNy61g7UQzEkeCtaLRzdRvPTJtuJL3dpywICYDyfucEuuk5ijETyEOyxW/6s+AlgnOSQVy1MPyV7enaBozaakgxnSwn9ggI9pyKtik1E0NSwgdkQHrOCpJzEyQza6doBOn9FBfaVfSopn6eyIjsTHjOHKdMbFDs+hNxf+8Tmr7V0HGZZJaJul8UT8VyCo0fR31uGbUirEjhGrubkV0SDSh1gVUciHgxZeXSfOsii+q+O68UrvO4yjCERzDKWC4hBrcQh0aQOEBnuEV3jzlvXjv3se8teDlM4fwB97nD/0Hjr8=</latexit>

k1x1
<latexit sha1_base64="Z7gKJTPt9jmMOeI76gjFSuR0yCU=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqkxE1GXRjcsKthbaYchkMm1o5kFyRyylv+HGhSJu/Rl3/o1pOwttPRA4nHMP9+YEmZIGXffbKa2srq1vlDcrW9s7u3vV/YO2SXPNRYunKtWdgBmhZCJaKFGJTqYFiwMlHoLhzdR/eBTayDS5x1EmvJj1ExlJztBKvdCnpBemSJ586ldrbt2dgSwTWpAaFGj61S8b5XksEuSKGdOlbobemGmUXIlJpZcbkTE+ZH3RtTRhsTDeeHbzhJxYJSRRqu1LkMzU34kxi40ZxYGdjBkOzKI3Ff/zujlGV95YJlmOIuHzRVGuCKZkWgAJpRYc1cgSxrW0txI+YJpxtDVVbAl08cvLpH1Wpxd1endea1wXdZThCI7hFChcQgNuoQkt4JDBM7zCm5M7L8678zEfLTlF5hD+wPn8AbwxkNc=</latexit>

d1ẋ1
<latexit sha1_base64="3hEhl1tX+kNSTO8t0C8XHA5tNiY=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksQl1YkiLqsujGZQV7gTaEyWTSDp1cmJmIJRQ3voobF4q49Snc+TZO2yy09YeBj/+cw5nzewlnUlnWt1FYWl5ZXSuulzY2t7Z3zN29loxTQWiTxDwWHQ9LyllEm4opTjuJoDj0OG17w+tJvX1PhWRxdKdGCXVC3I9YwAhW2nLNA9+toUrPjxV60HSKcrRPXLNsVa2p0CLYOZQhV8M1v/QsSUMaKcKxlF3bSpSTYaEY4XRc6qWSJpgMcZ92NUY4pNLJpieM0bF2fBTEQr9Ioan7eyLDoZSj0NOdIVYDOV+bmP/VuqkKLp2MRUmqaERmi4KUIxWjSR7IZ4ISxUcaMBFM/xWRARaYKJ1aSYdgz5+8CK1a1T6v2rdn5fpVHkcRDuEIKmDDBdThBhrQBAKP8Ayv8GY8GS/Gu/Exay0Y+cw+/JHx+QO565UV</latexit>

d2(ẋ2 � ẋ1)

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="Sv8BT+dsvuVxy/R+C35hx8Sczh0=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKe5KUC9C0IvHCOYB2TXMTnqTIbMPZnqVsOQ/vHhQxKv/4s2/cZLsQaMFDUVVN91dfiKFRtv+sgpLyyura8X10sbm1vZOeXevpeNUcWjyWMaq4zMNUkTQRIESOokCFvoS2v7oeuq3H0BpEUd3OE7AC9kgEoHgDI107+IQkNFL6ibipNYrV+yqPQP9S5ycVEiORq/86fZjnoYQIZdM665jJ+hlTKHgEiYlN9WQMD5iA+gaGrEQtJfNrp7QI6P0aRArUxHSmfpzImOh1uPQN50hw6Fe9Kbif143xeDCy0SUpAgRny8KUkkxptMIaF8o4CjHhjCuhLmV8iFTjKMJqmRCcBZf/ktap1XnrOrc1ir1qzyOIjkgh+SYOOSc1MkNaZAm4USRJ/JCXq1H69l6s97nrQUrn9knv2B9fAMP9ZGT</latexit>

✓ = ⇡/4

<latexit sha1_base64="VR+ZOchMFpo5vD/og6TLjqdqvjw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh9te0itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMg+I2z</latexit>

Fp

<latexit sha1_base64="/rZAd4lc2G6FCQIDhVAWkVLUlxw=">AAAB/3icbVDLSgMxFL1TX7W+RgU3boJFqAvLTBF1IxQFcVnBPqAdhkyaaUMzD5KMtIxd+CtuXCji1t9w59+YtrPQ6oF7OZxzL7k5XsyZVJb1ZeQWFpeWV/KrhbX1jc0tc3unIaNEEFonEY9Ey8OSchbSumKK01YsKA48Tpve4GriN++pkCwK79Qopk6AeyHzGcFKS665d+2mA7cyvtCtNHQr6BgNXfvINYtW2ZoC/SV2RoqQoeaan51uRJKAhopwLGXbtmLlpFgoRjgdFzqJpDEmA9yjbU1DHFDppNP7x+hQK13kR0JXqNBU/bmR4kDKUeDpyQCrvpz3JuJ/XjtR/rmTsjBOFA3J7CE/4UhFaBIG6jJBieIjTTARTN+KSB8LTJSOrKBDsOe//Jc0KmX7tGzfnhSrl1kcediHAyiBDWdQhRuoQR0IPMATvMCr8Wg8G2/G+2w0Z2Q7u/ALxsc3DJWULg==</latexit>

Fk2 = k2(x2 � x1)

<latexit sha1_base64="3hEhl1tX+kNSTO8t0C8XHA5tNiY=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksQl1YkiLqsujGZQV7gTaEyWTSDp1cmJmIJRQ3voobF4q49Snc+TZO2yy09YeBj/+cw5nzewlnUlnWt1FYWl5ZXSuulzY2t7Z3zN29loxTQWiTxDwWHQ9LyllEm4opTjuJoDj0OG17w+tJvX1PhWRxdKdGCXVC3I9YwAhW2nLNA9+toUrPjxV60HSKcrRPXLNsVa2p0CLYOZQhV8M1v/QsSUMaKcKxlF3bSpSTYaEY4XRc6qWSJpgMcZ92NUY4pNLJpieM0bF2fBTEQr9Ioan7eyLDoZSj0NOdIVYDOV+bmP/VuqkKLp2MRUmqaERmi4KUIxWjSR7IZ4ISxUcaMBFM/xWRARaYKJ1aSYdgz5+8CK1a1T6v2rdn5fpVHkcRDuEIKmDDBdThBhrQBAKP8Ayv8GY8GS/Gu/Exay0Y+cw+/JHx+QO565UV</latexit>

d2(ẋ2 � ẋ1)

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="s9YKeFST7Eb7NgdZIhziouS+atM=">AAACBXicbVDLSgNBEJyNrxhfUY96GAyCIITdIOpFCHrxGME8IBuW2UnHDJmdXWZ6JSHk4sVf8eJBEa/+gzf/xsnjoMaChqKqm+6uMJHCoOt+OZmFxaXllexqbm19Y3Mrv71TM3GqOVR5LGPdCJkBKRRUUaCERqKBRaGEeti7Gvv1e9BGxOoWBwm0InanREdwhlYK8vv9IKEXtB+U6DH1QUrqG6Goj11AFuQLbtGdgM4Tb0YKZIZKkP/02zFPI1DIJTOm6bkJtoZMo+ASRjk/NZAw3mN30LRUsQhMazj5YkQPrdKmnVjbUkgn6s+JIYuMGUSh7YwYds1fbyz+5zVT7Jy3hkIlKYLi00WdVFKM6TgS2hYaOMqBJYxrYW+lvMs042iDy9kQvL8vz5NaqeidFr2bk0L5chZHluyRA3JEPHJGyuSaVEiVcPJAnsgLeXUenWfnzXmftmac2cwu+QXn4xvpuJby</latexit>

xp = x2 + ` sin ✓
<latexit sha1_base64="70/M1tpzTnvpUZRkyCkG4+G9vR8=">AAACG3icbZDLSgMxFIYz9VbrbdSlm2ARBKHMFFE3QtGNywr2Ap2hZNLTNjRzITkjltL3cOOruHGhiCvBhW9j2s5CW38IfPznnCTnDxIpNDrOt5VbWl5ZXcuvFzY2t7Z37N29uo5TxaHGYxmrZsA0SBFBDQVKaCYKWBhIaASD60m9cQ9Kizi6w2ECfsh6kegKztBYbbvsdWKkD+2EXtIMy/Rkhh72ARn1QErq8VhnRtsuOiVnKroIbgZFkqnatj/NdTwNIUIumdYt10nQHzGFgksYF7xUQ8L4gPWgZTBiIWh/NN1tTI+M06HdWJkTIZ26vydGLNR6GAamM2TY1/O1iflfrZVi98IfiShJESI+e6ibSooxnQRFO0IBRzk0wLgS5q+U95liHE2cBROCO7/yItTLJfes5N6eFitXWRx5ckAOyTFxyTmpkBtSJTXCySN5Jq/kzXqyXqx362PWmrOymX3yR9bXDyAan6Q=</latexit>

ẋp = ẋ2 + ✓̇` cos ✓
<latexit sha1_base64="Zmprx9N0Eaj+QweIFWY8t9NELaI=">AAACP3icbZBNSwMxEIazftb6VfXoJVgEQSy7RdSLIHrxWMFWobsu2XRqg9nsksyKpfjPvPgXvHn14kERr95M6yraOhB4eN+ZJPNGqRQGXffRGRufmJyaLswUZ+fmFxZLS8sNk2SaQ50nMtHnETMghYI6CpRwnmpgcSThLLo66vtn16CNSNQpdlMIYnapRFtwhlYKSw2/1UqQ3oQp3affXKWbOfvYAWTUBympzxPzLWxZ/8e+qOYNRqhcCktlt+IOio6Cl0OZ5FULSw/2Qp7FoJBLZkzTc1MMekyj4BJui35mIGX8il1C06JiMZigN9j/lq5bpUXbibZHIR2ovyd6LDamG0e2M2bYMcNeX/zPa2bY3gt6QqUZguJfD7UzSTGh/TBpS2jgKLsWGNfC/pXyDtOMo428aEPwhlcehUa14u1UvJPt8sFhHkeBrJI1skE8sksOyDGpkTrh5I48kRfy6tw7z86b8/7VOubkMyvkTzkfn3rarXs=</latexit>

ẍp = ẍ2 + ✓̈` cos ✓ � ✓̇2` sin ✓

<latexit sha1_base64="0UvdONimD/3SMd4Dk7RFyBmNMkg=">AAACLnicbVDLSsNAFJ34rPVVdelmsAiuSiKiLosiuKxgq9CUMJnctIOTSZi5EUvwi9z4K7oQVMStn+H04dsDA+eeew9z7wkzKQy67qMzMTk1PTNbmivPLywuLVdWVlsmzTWHJk9lqs9DZkAKBU0UKOE808CSUMJZeHE46J9dgjYiVafYz6CTsK4SseAMrRRUjvwQukIVYcJQi6vrsh9FKdKrwKO+Tz+K7a/Cxx4go2UfVPTpCipVt+YOQf8Sb0yqZIxGULn3o5TnCSjkkhnT9twMOwXTKLgEu0VuIGP8gnWhbaliCZhOMTz3mm5aJaJxqu1TSIfqd0fBEmP6SWgn7X4987s3EP/rtXOM9zuFUFmOoPjooziXFFM6yI5GQgNH2beEcS3srpT3mGYcbcJlG4L3++S/pLVd83Zr3slOtX4wjqNE1skG2SIe2SN1ckwapEk4uSF35Ik8O7fOg/PivI5GJ5yxZ438gPP2Dqn+qFE=</latexit>2

4
ẍ1

ẍ2

✓̈

3

5

<latexit sha1_base64="69S4UoU2OTRz9Z/TU262jzltLME="></latexit>2

4
m1 0 0
0 (m2 +m3) m3` cos ✓
0 m3` cos ✓ m3`2

3

5
<latexit sha1_base64="fktkf7e37s5ZsJjxRobER+EnYsg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHq5Jr1xxq+4MZJl4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbphJxYpU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+jbpc4XMiLEllClubyVsSBVlxoZTsiF4iy8vk+ZZ1buoevfnldpNHkcRjuAYTsGDS6jBHdShAQxCeIZXeHNGzovz7nzMWwtOPnMIf+B8/gDkZozx</latexit>=

<latexit sha1_base64="cD4k4KNzpmj/EC8Ge0xqniELPZI=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiGzdCBfvAtpRMeqcNzWSGJCOUoX/hxoUibv0bd/6NmXYW2nogcDjnXnLu8WPBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpKFMMGi0Sk2j7VKLjEhuFGYDtWSENfYMsf32R+6wmV5pF8MJMYeyEdSh5wRo2VHrshNSM/SO+m/XLFrbozkGXi5aQCOer98ld3ELEkRGmYoFp3PDc2vZQqw5nAaambaIwpG9MhdiyVNETdS2eJp+TEKgMSRMo+achM/b2R0lDrSejbySyhXvQy8T+vk5jgqpdyGScGJZt/FCSCmIhk55MBV8iMmFhCmeI2K2EjqigztqSSLcFbPHmZNM+q3kXVuz+v1K7zOopwBMdwCh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxHC06+cwh/4Hz+AL3akPc=</latexit>

M <latexit sha1_base64="Uj6nJ3AsEVHd4YV8iSLkuEEseJM=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EcRSEGZ32qzW37s5AlolXkBoUaParX71BzNKIK2SSGtP13AT9jGoUTPJppZcanlA2pkPetVTRiBs/myWekhOrDEgYa/sUkpn6eyOjkTGTKLCTeUKz6OXif143xfDKz4RKUuSKzT8KU0kwJvn5ZCA0ZygnllCmhc1K2IhqytCWVLEleIsnL5P2Wd27qHt357XGdVFHGY7gGE7Bg0towC00oQUMFDzDK7w5xnlx3p2P+WjJKXYO4Q+czx/cPpEL</latexit>a
<latexit sha1_base64="sZ49ajG7bco8ZWSalhiKsP33yl4=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiIC4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4WV1bX1jeJmaWt7Z3evvH/Q1FGiGDZYJCLV9qlGwSU2DDcC27FCGvoCW/74JvNbT6g0j+SDmcTYC+lQ8oAzaqz02A2pGflBejvtlytu1Z2BLBMvJxXIUe+Xv7qDiCUhSsME1brjubHppVQZzgROS91EY0zZmA6xY6mkIepeOks8JSdWGZAgUvZJQ2bq742UhlpPQt9OZgn1opeJ/3mdxARXvZTLODEo2fyjIBHERCQ7nwy4QmbExBLKFLdZCRtRRZmxJZVsCd7iycukeVb1Lqre/Xmldp3XUYQjOIZT8OASanAHdWgAAwnP8ApvjnZenHfnYz5acPKdQ/gD5/MHszeQ8A==</latexit>

F
<latexit sha1_base64="l2Ugl02wXDnbzBSKXsioGAyh6Dw=">AAACD3icbVDLSgMxFL1TX7W+Rl26CRbFjWVGRN0IRUHcCBXsA9qxZNJMG5p5kGSEMswfuPFX3LhQxK1bd/6NmT5AWw8Ezj3nXnLvcSPOpLKsbyM3N7+wuJRfLqysrq1vmJtbNRnGgtAqCXkoGi6WlLOAVhVTnDYiQbHvclp3+5eZX3+gQrIwuFODiDo+7gbMYwQrLbXN/ZaPVc/1EpyiczQpbtL75NBOJ+VV2jaLVskaAs0Se0yKMEalbX61OiGJfRoowrGUTduKlJNgoRjhNC20YkkjTPq4S5uaBtin0kmG96RoTysd5IVCv0Chofp7IsG+lAPf1Z3ZhnLay8T/vGasvDMnYUEUKxqQ0UdezJEKURYO6jBBieIDTTARTO+KSA8LTJSOsKBDsKdPniW1o5J9UrJvj4vli3EcediBXTgAG06hDNdQgSoQeIRneIU348l4Md6Nj1FrzhjPbMMfGJ8//aucpA==</latexit>

a = M�1F

<latexit sha1_base64="5etlQgqY64WGu+17OmqAUVi3uDo=">AAAB+nicbVDLSgMxFM34rPU11aWbYBEqSJkRUTdC0Y3LCvYB7VAyaaYNzWSG5I7Sjv0UNy4UceuXuPNvTNtZaOuBC4dz7k3uPX4suAbH+baWlldW19ZzG/nNre2dXbuwV9dRoiir0UhEqukTzQSXrAYcBGvGipHQF6zhD24mfuOBKc0jeQ/DmHkh6UkecErASB270O5GkI7G+AoHpdFJcow7dtEpO1PgReJmpIgyVDv2l3mDJiGTQAXRuuU6MXgpUcCpYON8O9EsJnRAeqxlqCQh0146XX2Mj4zSxUGkTEnAU/X3REpCrYehbzpDAn09703E/7xWAsGll3IZJ8AknX0UJAJDhCc54C5XjIIYGkKo4mZXTPtEEQomrbwJwZ0/eZHUT8vuedm9OytWrrM4cugAHaISctEFqqBbVEU1RNEjekav6M16sl6sd+tj1rpkZTP76A+szx+IMpLf</latexit>

ż = f(z, u)
<latexit sha1_base64="zqBZPsCuMyo5Ic9hyNyOLEIEggQ=">AAACLHicbZBLSwMxEMezPmt9rXr0EiyCp7JbRL0IxV48VugLtuuSTdM2NPsgmRVr6Qfy4lcRxINFvPo5zLaraOtAhh///0ySGT8WXIFlTYyl5ZXVtfXcRn5za3tn19zbb6gokZTVaSQi2fKJYoKHrA4cBGvFkpHAF6zpDyqp37xjUvEorMEwZm5AeiHvckpAS55ZecCX2Gnje8/GaS7p3IY+A5JCJ4LMybD0jT817m3NMwtW0ZoGXgQ7gwLKouqZL/oOmgQsBCqIUo5txeCOiAROBRvn24liMaED0mOOxpAETLmj6bBjfKyVDu5GUp8Q8FT93TEigVLDwNeVAYG+mvdS8T/PSaB74Y54GCfAQjp7qJsIDBFON4c7XDIKYqiBUMn1XzHtE0ko6P3m9RLs+ZEXoVEq2mdF++a0UL7K1pFDh+gInSAbnaMyukZVVEcUPaJn9IYmxpPxarwbH7PSJSPrOUB/wvj8AnIupCM=</latexit>

z = [ x1 x2 ✓ ẋ1 ẋ2 ✓̇ ]T
<latexit sha1_base64="LLIhNCty/P7nY1UjVN+9OCxP604=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWwVVJiqgboSiIywp9CGkMk+mkHTp5MDMRSujGX3HjQhG3foY7/8ZJm4W2HpjL4Zx7uXOPn3AmlWV9G6Wl5ZXVtfJ6ZWNza3vH3N3ryDgVhLZJzGNx72NJOYtoWzHF6X0iKA59Trv+6Dr3u49USBZHLTVOqBviQcQCRrDSkmcepAhdIqeHbjwb5bWuq/vQ8syqVbOmQIvELkgVCjQ986vXj0ka0kgRjqV0bCtRboaFYoTTSaWXSppgMsID6mga4ZBKN5seMEHHWumjIBb6RQpN1d8TGQ6lHIe+7gyxGsp5Lxf/85xUBRduxqIkVTQis0VBypGKUZ4G6jNBieJjTTARTP8VkSEWmCidWUWHYM+fvEg69Zp9VrPvTquNqyKOMhzCEZyADefQgFtoQhsITOAZXuHNeDJejHfjY9ZaMoqZffgD4/MH+jSTdA==</latexit>

u = [ F1 F2 ]T

Linearization:

<latexit sha1_base64="76amL2JspmCy2rLGs73VujnDtKE=">AAACCnicbZDLSsNAFIZPvNZ6q7p0M1oEVyURUTdC0Y3LCvYCTSiT6aQdOpmEmYlQQtZufBU3LhRx6xO4822ctAG19YeBj/+cMzPn92POlLbtL2thcWl5ZbW0Vl7f2NzaruzstlSUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj67zevueSsUicafHMfVCPBAsYARrY/UqB24gMUndGEvNMEdB9sNJhi5RuVep2jV7IjQPTgFVKNToVT7dfkSSkApNOFaq69ix9tL8UsJpVnYTRWNMRnhAuwYFDqny0skqGToyTh8FkTRHaDRxf0+kOFRqHPqmM8R6qGZruflfrZvo4MJLmYgTTQWZPhQkHOkI5bmgPpOUaD42gIlk5q+IDLHJRpv08hCc2ZXnoXVSc85qzu1ptX5VxFGCfTiEY3DgHOpwAw1oAoEHeIIXeLUerWfrzXqfti5Yxcwe/JH18Q16mJoX</latexit>

@f

@u
=

<latexit sha1_base64="RtKOTngD9rifF7k3Gj1cs03x1l0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ae0oWy2m3TpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvSKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuBdRwKRRvo0DJe6nmNA4k7waT27nffeTaiEQ94DTlfkwjJULBKFqpO2iKKPIrw2rNrbsLkL/EK0gNCrSG1c/BKGFZzBUySY3pe26Kfk41Cib5rDLIDE8pm9CI9y1VNObGzxfnzsiZVUYkTLQthWSh/pzIaWzMNA5sZ0xxbFa9ufif188wvPFzodIMuWLLRWEmCSZk/jsZCc0ZyqkllGlhbyVsTDVlaBOah+CtvvyXdC7q3lXdu7+sNZpFHGU4gVM4Bw+uoQF30II2MJjAE7zAq5M6z86b875sLTnFzDH8gvPxDXppjwI=</latexit>#<latexit sha1_base64="OFT1QrjM7FBepu6eDXOWyf7v98g=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7AekoWy2m3TpZrPsboQS+iO8eFDEq7/Hm//GTZuDVh8MPN6bYWZeKDnTxnW/nMra+sbmVnW7trO7t39QPzzq6TRThHZJylM1CLGmnAnaNcxwOpCK4iTktB9Obwu//0iVZql4MDNJgwTHgkWMYGOl/rDN4tivjeoNt+kugP4SryQNKNEZ1T+H45RkCRWGcKy177nSBDlWhhFO57VhpqnEZIpj6lsqcEJ1kC/OnaMzq4xRlCpbwqCF+nMix4nWsyS0nQk2E73qFeJ/np+Z6CbImZCZoYIsF0UZRyZFxe9ozBQlhs8swUQxeysiE6wwMTahIgRv9eW/pHfR9K6a3v1lo9Uu46jCCZzCOXhwDS24gw50gcAUnuAFXh3pPDtvzvuyteKUM8fwC87HN3dfjwA=</latexit>"
<latexit sha1_base64="vqy2hewhAwaT2yQgQB0Vf5jcR+o=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByl/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgOIwyb1YZVGte3ZvDXSV+QWpQoDmofvWHiqYxk0gFMabnewkGGdHIqWCzSj81LCF0QkasZ6kkMTNBNo88c8+sMnQjpe2T6M7V3xsZiY2ZxqGdzCOaZS8X//N6KUY3QcZlkiKTdPFRlAoXlZvf7w65ZhTF1BJCNbdZXTommlC0LeUl+Msnr5L2Rd2/qvsPl7XGbVFHGU7gFM7Bh2towD00oQUUFDzDK7w56Lw4787HYrTkFDvH8AfO5w/J3ZDu</latexit>

0
<latexit sha1_base64="aogRUODmXTC1yzc0egwjmfrd+3w=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF71VsLaQlrLZbtqlm03YfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bIJHCoOt+O6WV1bX1jfJmZWt7Z3evun/waOJUM95isYx1J6CGS6F4CwVK3kk0p1EgeTsY3+R++4lrI2L1gJOE9yI6VCIUjKKV/G5EcRSE2d200q/W3Lo7A1kmXkFqUKDZr351BzFLI66QSWqM77kJ9jKqUTDJp5VuanhC2ZgOuW+pohE3vWwWeUpOrDIgYaztU0hm6u+NjEbGTKLATuYRzaKXi/95forhVS8TKkmRKzb/KEwlwZjk95OB0JyhnFhCmRY2K2EjqilD21Jegrd48jJ5PKt7F3Xv/rzWuC7qKMMRHMMpeHAJDbiFJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kD7/ORBw==</latexit>

I
<latexit sha1_base64="qsDcRLoEFT+YK7MLPDZFOUmA5FM=">AAACCnicbZDLSsNAFIZP6q3WW9Slm9EiuCqJiLoRim5cVrAXaEKZTCft0MmFmYlQQ9ZufBU3LhRx6xO4822ctAG19YeBj/+cMzPn92LOpLKsL6O0sLi0vFJeraytb2xumds7LRklgtAmiXgkOh6WlLOQNhVTnHZiQXHgcdr2Rld5vX1HhWRReKvGMXUDPAiZzwhW2uqZ+44vMEmdGAvFMEd+9sP3GbpAlZ5ZtWrWRGge7AKqUKjRMz+dfkSSgIaKcCxl17Zi5ab5pYTTrOIkksaYjPCAdjWGOKDSTSerZOhQO33kR0KfUKGJ+3sixYGU48DTnQFWQzlby83/at1E+eduysI4UTQk04f8hCMVoTwX1GeCEsXHGjARTP8VkSHW2SidXh6CPbvyPLSOa/Zpzb45qdYvizjKsAcHcAQ2nEEdrqEBTSDwAE/wAq/Go/FsvBnv09aSUczswh8ZH9+CRZoc</latexit>

@f

@z
=

<latexit sha1_base64="ev1RuRqzk57eMZd1Y7Lj8nUwuko=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoioh6LXjxWsR/QhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+Nm7YHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj29xvPaHSPJaPZpygH9GB5CFn1Fjp4azUK1fcqjsFWSbenFRgjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHrphJxYpU/CWNmShkzV3xMZjbQeR4HtjKgZ6kUvF//zOqkJr/2MyyQ1KNlsUZgKYmKSv036XCEzYmwJZYrbWwkbUkWZseHkIXiLLy+T5nnVu6x69xeV2s08jiIcwTGcggdXUIM7qEMDGITwDK/w5oycF+fd+Zi1Fpz5zCH8gfP5A6e0jMk=</latexit>

+
<latexit sha1_base64="Vlopfzi1oY7yOKugZNl3d0G/Qvk=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIqMuiGzdCBfuANpbJdNIOnUzCzKRQQv7EjQtF3Pon7vwbJ20W2npg4HDOvdwzx485U9pxvq3Syura+kZ5s7K1vbO7Z+8ftFSUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj29zvz2hUrFIPOppTL0QDwULGMHaSH3b7oVYj/wgvc+e0jM3q/TtqlNzZkDLxC1IFQo0+vZXbxCRJKRCE46V6rpOrL0US80Ip1mllygaYzLGQ9o1VOCQKi+dJc/QiVEGKIikeUKjmfp7I8WhUtPQN5N5TrXo5eJ/XjfRwbWXMhEnmgoyPxQkHOkI5TWgAZOUaD41BBPJTFZERlhiok1ZeQnu4peXSeu85l7W3IeLav2mqKMMR3AMp+DCFdThDhrQBAITeIZXeLNS68V6tz7moyWr2DmEP7A+fwDVXpMi</latexit>

M�1
<latexit sha1_base64="w9lB2+tOBZqM5coYA45SpDAYhCg=">AAACJHicbVDLSsNAFJ3UV62vqEs3g0WoiCURUcFNURA3QgX7gCaWyXTSDp08mJkIbcjHuPFX3LjwgQs3fouTNvhoPTBwOPfcO/ceJ2RUSMP40HIzs3PzC/nFwtLyyuqavr5RF0HEManhgAW86SBBGPVJTVLJSDPkBHkOIw2nf57WG3eECxr4N3IQEttDXZ+6FCOppLZ+ugctD8me48ZXSWm4exvvm4nlcoRjK0RcUsS+DRdJ8iMOE9jWi0bZGAFOEzMjRZCh2tZfrU6AI4/4EjMkRMs0QmnH6UTMSFKwIkFChPuoS1qK+sgjwo5HRyZwRykd6AZcPV/Ckfq7I0aeEAPPUc50XzFZS8X/aq1Iuid2TP0wksTH44/ciEEZwDQx2KGcYMkGiiDMqdoV4h5SCUmVa0GFYE6ePE3qB2XzqGxeHxYrZ1kcebAFtkEJmOAYVMAlqIIawOAePIJn8KI9aE/am/Y+tua0rGcT/IH2+QVDQqU8</latexit>

+M(z)�1 @F

@z

<latexit sha1_base64="iZXv7C4szlGm+9zKIu0oaXN9+Cg="></latexit>⇥
0 0 �M�1 @M

@✓ M�1F 0 0 0
⇤

<latexit sha1_base64="RJDD+0qdSuHJlPc43ocYJQkRXew=">AAACH3icbVDLSsNAFL3xWesr6tLNYBHcWBKR6rIoiBuhgn1AE8tkOmmHTh7MTIQS8idu/BU3LhQRd/0bJ21FbT0wcDjn3jv3Hi/mTCrLGhkLi0vLK6uFteL6xubWtrmz25BRIgitk4hHouVhSTkLaV0xxWkrFhQHHqdNb3CZ+80HKiSLwjs1jKkb4F7IfEaw0lLHrDgBVn3PT2+y+/TYzpDjC0xSJ8ZCMczRt32VZT9iknXMklW2xkDzxJ6SEkxR65ifTjciSUBDRTiWsm1bsXLTfCDhNCs6iaQxJgPco21NQxxQ6abj+zJ0qJUu8iOhX6jQWP3dkeJAymHg6cp8XTnr5eJ/XjtR/rmbsjBOFA3J5CM/4UhFKA8LdZmgRPGhJpgIpndFpI91QEpHWtQh2LMnz5PGSdmulO3b01L1YhpHAfbhAI7AhjOowjXUoA4EHuEZXuHNeDJejHfjY1K6YEx79uAPjNEXj6qj7w==</latexit>

M�1 @F

@u

<latexit sha1_base64="7t/C1Pm+Z1nhhA3ES7Hh8R/jA64="></latexit>2

4
F1 � k1x1 � d1ẋ1 + k2(x2 � x1) + d2(ẋ2 � ẋ1)
F2 +m3✓̇2` sin ✓ � k2(x2 � x1)� d2(ẋ2 � ẋ1)

�mg` sin ✓

3

5
<latexit sha1_base64="3SvQCNdmVfTWYmKNa+pp7/Iolzw=">AAACAHicbVA9SwNBEN2LXzF+RS0sbBaDYGO4U1HLoI1lBPMBuSPsbSbJkr29Y3dOCEca/4qNhSK2/gw7/42bj0ITHww83pthZl6YSGHQdb+d3NLyyupafr2wsbm1vVPc3aubONUcajyWsW6GzIAUCmooUEIz0cCiUEIjHNyO/cYjaCNi9YDDBIKI9ZToCs7QSu3iwWnUPqc96oOU1DdCUR/7gKxdLLlldwK6SLwZKZEZqu3il9+JeRqBQi6ZMS3PTTDImEbBJYwKfmogYXzAetCyVLEITJBNHhjRY6t0aDfWthTSifp7ImORMcMotJ0Rw76Z98bif14rxe51kAmVpAiKTxd1U0kxpuM0aEdo4CiHljCuhb2V8j7TjKPNrGBD8OZfXiT1s7J3WfbuL0qVm1kceXJIjsgJ8cgVqZA7UiU1wsmIPJNX8uY8OS/Ou/Mxbc05s5l98gfO5w/tBZVb</latexit>

�m3g` sin ✓

<latexit sha1_base64="MNtw6WMoud8qnMqCeyspaUj7fIY=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0VwY0lE1I1QdONGqGAf0IQymU7aoZMHMzdCCfkKN/6KGxeKuBV3/o2TNovaemDgcM69d+49Xiy4Asv6MUpLyyura+X1ysbm1vaOubvXUlEiKWvSSESy4xHFBA9ZEzgI1oklI4EnWNsb3eR++5FJxaPwAcYxcwMyCLnPKQEt9cwTx5eEpk5MJHAisBMQGHp+epdlMyIMGZAMX/XMqlWzJsCLxC5IFRVo9Mxvpx/RJGAhUEGU6tpWDG6az6WCZRUnUSwmdEQGrKtpSAKm3HRyVoaPtNLHfiT1CwFP1NmOlARKjQNPV+Zbq3kvF//zugn4l27KwzgBFtLpR34iMEQ4zwj3uWQUxFgTQiXXu2I6JDon0ElWdAj2/MmLpHVas89r9v1ZtX5dxFFGB+gQHSMbXaA6ukUN1EQUPaEX9IbejWfj1fgwPqelJaPo2Ud/YHz9AkphoA8=</latexit>

@M

@✓
=

<latexit sha1_base64="6g0S57ZOeuaqUXSPqBCO1MS0d/w="></latexit>2

4
0 0 0
0 0 �m3` sin ✓
0 �m3` sin ✓ 0

3

5

<latexit sha1_base64="wGOpxzRDU6TjblAybnVu6bRT5Xg="></latexit>2

4
�k1 � k2 k2 0 �d1 � d2 d2 0

k2 �k2 m3✓̇2` cos ✓ d2 �d2 2✓̇m3` sin ✓
0 0 �m3g` cos ✓ 0 0 0

3

5
<latexit sha1_base64="Vs1QW0fQAOaPHFXjTR3ZaOcwpRU=">AAACEXicbVDLSsNAFL3xWesr6tLNYBG6KomIuhGKgrisYB/QhDKZTtqhkwczE6GG/IIbf8WNC0XcunPn3zhpA2rrgYHDOffeufd4MWdSWdaXsbC4tLyyWlorr29sbm2bO7stGSWC0CaJeCQ6HpaUs5A2FVOcdmJBceBx2vZGl7nfvqNCsii8VeOYugEehMxnBCst9cyq4wtMUifGQjHMkRNgNfT89CrLfsT7DJ33zIpVsyZA88QuSAUKNHrmp9OPSBLQUBGOpezaVqzcNB9JOM3KTiJpjMkID2hX0xAHVLrp5KIMHWqlj/xI6BcqNFF/d6Q4kHIceLoyX1jOern4n9dNlH/mpiyME0VDMv3ITzhSEcrjQX0mKFF8rAkmguldERliHZHSIZZ1CPbsyfOkdVSzT2r2zXGlflHEUYJ9OIAq2HAKdbiGBjSBwAM8wQu8Go/Gs/FmvE9LF4yiZw/+wPj4BjUGnd4=</latexit>

@F

@z
=

<latexit sha1_base64="G4QZSdoS1drIsiZspZeo84pyX2U=">AAACEnicbVDLSsNAFL2pr1pfUZduBougm5KIqBuhKIjLCvYBTSiT6aQdOnkwMxFKyDe48VfcuFDErSt3/o2TNqC2Hhg4nHPvnXuPF3MmlWV9GaWFxaXllfJqZW19Y3PL3N5pySgRhDZJxCPR8bCknIW0qZjitBMLigOP07Y3usr99j0VkkXhnRrH1A3wIGQ+I1hpqWceOb7AJHViLBTDHDkBVkPPT6+z7EdMMnSBembVqlkToHliF6QKBRo989PpRyQJaKgIx1J2bStWbprPJJxmFSeRNMZkhAe0q2mIAyrddHJShg600kd+JPQLFZqovztSHEg5DjxdmW8sZ71c/M/rJso/d1MWxomiIZl+5CccqQjl+aA+E5QoPtYEE8H0rogMsc5I6RQrOgR79uR50jqu2ac1+/akWr8s4ijDHuzDIdhwBnW4gQY0gcADPMELvBqPxrPxZrxPS0tG0bMLf2B8fAOSzJ4D</latexit>

@F

@u
=

<latexit sha1_base64="JjwTL9GWxkNIyAP/Z/QzQ7GK12A=">AAACH3icbZDLSsNAFIYnXmu8RV26GSyKq5KIVJdFNy4r2As0oUymp+3QySTMTMQS+iZufBU3LhQRd30bp20Ubf1h4OM/5zDn/GHCmdKuO7aWlldW19YLG/bm1vbOrrO3X1dxKinUaMxj2QyJAs4E1DTTHJqJBBKFHBrh4HpSb9yDVCwWd3qYQBCRnmBdRok2Vtsp+yH0mMjCiGjJHka2h0+wi33fdg143+Bi2wfR+WlrO0W35E6FF8HLoYhyVdvOp9+JaRqB0JQTpVqem+ggI1IzymFk+6mChNAB6UHLoCARqCCb3jfCx8bp4G4szRMaT93fExmJlBpGoek0+/XVfG1i/ldrpbp7GWRMJKkGQWcfdVOOdYwnYeEOk0A1HxogVDKzK6Z9IgnVJlLbhODNn7wI9bOSVy55t+fFylUeRwEdoiN0ijx0gSroBlVRDVH0iJ7RK3qznqwX6936mLUuWfnMAfoja/wFe0Ke6w==</latexit>2

4
1 0
0 1
0 0

3

5

<latexit sha1_base64="l2Ugl02wXDnbzBSKXsioGAyh6Dw=">AAACD3icbVDLSgMxFL1TX7W+Rl26CRbFjWVGRN0IRUHcCBXsA9qxZNJMG5p5kGSEMswfuPFX3LhQxK1bd/6NmT5AWw8Ezj3nXnLvcSPOpLKsbyM3N7+wuJRfLqysrq1vmJtbNRnGgtAqCXkoGi6WlLOAVhVTnDYiQbHvclp3+5eZX3+gQrIwuFODiDo+7gbMYwQrLbXN/ZaPVc/1EpyiczQpbtL75NBOJ+VV2jaLVskaAs0Se0yKMEalbX61OiGJfRoowrGUTduKlJNgoRjhNC20YkkjTPq4S5uaBtin0kmG96RoTysd5IVCv0Chofp7IsG+lAPf1Z3ZhnLay8T/vGasvDMnYUEUKxqQ0UdezJEKURYO6jBBieIDTTARTO+KSA8LTJSOsKBDsKdPniW1o5J9UrJvj4vli3EcediBXTgAG06hDNdQgSoQeIRneIU348l4Md6Nj1FrzhjPbMMfGJ8//aucpA==</latexit>

a = M�1F

<latexit sha1_base64="KJk6aJ9rfd/3nEin2NF3JYzxG1o=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlQQ7ZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fANBxZoI</latexit>

@f

@z
=

<latexit sha1_base64="+LmFMV/GwJe166lhiSFP32aH+Yg=">AAACJHicbVDLSgNBEJz1bXxFPXoZDEJECLtRVBBB9OJRwWggmyyzk44ZMrO7zPSKYcnHePFXvHjwgQcvfouTx0GNBU0XVd3MdIWJFAZd99OZmJyanpmdm88tLC4tr+RX165NnGoOFR7LWFdDZkCKCCooUEI10cBUKOEm7Jz1/Zs70EbE0RV2E6grdhuJluAMrRTkj3yEe8yagD16TFWwS32QslEuqqBMd/rC9rA1ygOH+jw21Mc2IAvyBbfkDkDHiTciBTLCRZB/85sxTxVEyCUzpua5CdYzplFwCb2cnxpIGO+wW6hZGjEFpp4NjuzRLas0aSvWtiKkA/XnRsaUMV0V2knFsG3+en3xP6+WYuuwnokoSREiPnyolUqKMe0nRptCA0fZtYRxLexfKW8zzTjaXHM2BO/vyePkulzy9kve5V7h5HQUxxzZIJukSDxyQE7IObkgFcLJA3kiL+TVeXSenXfnYzg64Yx21skvOF/f1x+h2Q==</latexit>

det = m3`
2(m2 +m3) +m2

3` cos ✓

<latexit sha1_base64="qXa5/V3edWxrsafDfrIEgpCK9KM="></latexit>
m3`2 �m3` cos ✓

�m3` cos ✓ m2 +m3

�
<latexit sha1_base64="RVFWvj5DaAOHbcFOoHEK9ZJAagw=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUlE1GXRjcsK9gFtKJPJTTt08mDmRqwh+CtuXCji1v9w5984bbPQ1gMXDufcy733eIngCm372ygtLa+srpXXKxubW9s75u5eS8WpZNBksYhlx6MKBI+giRwFdBIJNPQEtL3R9cRv34NUPI7ucJyAG9JBxAPOKGqpbx70AklZ5uRZD+EBMx8wz/tm1a7ZU1iLxClIlRRo9M2vnh+zNIQImaBKdR07QTejEjkTkFd6qYKEshEdQFfTiIag3Gx6fW4da8W3gljqitCaqr8nMhoqNQ493RlSHKp5byL+53VTDC7djEdJihCx2aIgFRbG1iQKy+cSGIqxJpRJrm+12JDqOFAHVtEhOPMvL5LWac05rzm3Z9X6VRFHmRySI3JCHHJB6uSGNEiTMPJInskreTOejBfj3fiYtZaMYmaf/IHx+QN/OZXo</latexit>

1

det

<latexit sha1_base64="w90qZulc5A2R3TH2+HI+nGCTX6M=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqkxE1GXRjcsK9gHtUDJppg1NMmOSKZRhvsONC0Xc+jHu/BvTx0JbD1w4nHMv994TJoIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZxqyho0FrFuh8QwwRVrWG4FayeaERkK1gpHd1O/NWba8Fg92knCAkkGikecEuukoBtpQjOcZ7KH81654lf9GdAqwQtSgQXqvfJXtx/TVDJlqSDGdLCf2CAj2nIqWF7qpoYlhI7IgHUcVUQyE2Szo3N05pQ+imLtSlk0U39PZEQaM5Gh65TEDs2yNxX/8zqpjW6CjKsktUzR+aIoFcjGaJoA6nPNqBUTRwjV3N2K6JC4HKzLqeRCwMsvr5LmRRVfVfHDZaV2u4ijCCdwCueA4RpqcA91aACFJ3iGV3jzxt6L9+59zFsL3mLmGP7A+/wBwiGSGA==</latexit>

1

m1

<latexit sha1_base64="Nh7TLHkIWAHD9QsOwjc+3htkUJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBexGMug==</latexit>

0
<latexit sha1_base64="Nh7TLHkIWAHD9QsOwjc+3htkUJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBexGMug==</latexit>

0
<latexit sha1_base64="Nh7TLHkIWAHD9QsOwjc+3htkUJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBexGMug==</latexit>

0
<latexit sha1_base64="Nh7TLHkIWAHD9QsOwjc+3htkUJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBexGMug==</latexit>

0

<latexit sha1_base64="sPt5zFMtFZrmK4yzsY2e6HpymSQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ae0oWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZqDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbud+94kqzaR4MNOE+jGOBAsZwcZKnUGTRZE/rNbcupsDrRKvIDUo0BpWvwYjSdKYCkM41rrvuYnxM6wMI5zOKoNU0wSTCY5o31KBY6r9LL92hs6sMkKhVLaEQbn6eyLDsdbTOLCdMTZjvezNxf+8fmrCGz9jIkkNFWSxKEw5MhLNX0cjpigxfGoJJorZWxEZY4WJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0Qhju4=</latexit>#
<latexit sha1_base64="SYIXPJmFfhu4vD8FJ6Tb82h/axQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7AekoWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MOVMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WmCG0TyaXqhVhTzgRtG2Y47aWK4iTktBuOb2d+94kqzaR4MJOUBgmOBYsYwcZKnX6TxbE/qNbcujsHWiVeQWpQoDWofvWHkmQJFYZwrLXvuakJcqwMI5xOK/1M0xSTMY6pb6nACdVBPr92is6sMkSRVLaEQXP190SOE60nSWg7E2xGetmbif95fmaimyBnIs0MFWSxKMo4MhLNXkdDpigxfGIJJorZWxEZYYWJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0EZjuw=</latexit>"

Eigenvalues

Linearization Stability - Case 3
<latexit sha1_base64="jQ/hhWDv2iQ69SmIh3gluR/Xsvw=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFclUkVdSMU3bisYB/QDkMmTdvQJDMkGWEY6q+4caGIWz/EnX9jOp2Fth7I5XDOvdybE8acaeN5387K6tr6xmZpq7y9s7u37x4ctnWUKEJbJOKR6oZYU84kbRlmOO3GimIRctoJJ7czv/NIlWaRfDBpTH2BR5INGcHGSoFbEQGC11AE9bye2YoCt+rVvBxwmaCCVEGBZuB+9QcRSQSVhnCsdQ95sfEzrAwjnE7L/UTTGJMJHtGepRILqv0sP34KT6wygMNI2ScNzNXfExkWWqcitJ0Cm7Fe9Gbif14vMcMrP2MyTgyVZL5omHBoIjhLAg6YosTw1BJMFLO3QjLGChNj8yrbENDil5dJu15DFzV0f15t3BRxlMAROAanAIFL0AB3oAlagIAUPINX8OY8OS/Ou/Mxb11xipkK+APn8wd29ZIR</latexit>

m1 = m2 = m3 = 1
<latexit sha1_base64="Iw/nfGChkdg58eNDuwBPKTOnKv4=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqkyKqBuh6MZlBfuAdhgyaaYNzWTGJFMoQ7/DjQtF3Pox7vwb03YW2nrgXg7n3EtuTpAIro3rfjuFtfWNza3idmlnd2//oHx41NJxqihr0ljEqhMQzQSXrGm4EayTKEaiQLB2MLqb+e0xU5rH8tFMEuZFZCB5yCkxVvJGPkY3aOTXbMd+ueJW3TnQKsE5qUCOhl/+6vVjmkZMGiqI1l3sJsbLiDKcCjYt9VLNEkJHZMC6lkoSMe1l86On6MwqfRTGypY0aK7+3shIpPUkCuxkRMxQL3sz8T+vm5rw2su4TFLDJF08FKYCmRjNEkB9rhg1YmIJoYrbWxEdEkWosTmVbAh4+curpFWr4ssqfrio1G/zOIpwAqdwDhiuoA730IAmUHiCZ3iFN2fsvDjvzsditODkO8fwB87nD8JxkCQ=</latexit>

k1 = k2 = 1
<latexit sha1_base64="+lpfnvQsm+TC9LNtnYbdtQrdBh8=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqkyKqBuh6MZlBfuAdhgymUwbmsmMSaZQSr/DjQtF3Pox7vwb03YW2nrgXg7n3EtuTpAKro3rfjuFtfWNza3idmlnd2//oHx41NJJpihr0kQkqhMQzQSXrGm4EayTKkbiQLB2MLyb+e0RU5on8tGMU+bFpC95xCkxVvJCH6MbFPo127FfrrhVdw60SnBOKpCj4Ze/emFCs5hJQwXRuovd1HgTogyngk1LvUyzlNAh6bOupZLETHuT+dFTdGaVEEWJsiUNmqu/NyYk1nocB3YyJmagl72Z+J/XzUx07U24TDPDJF08FGUCmQTNEkAhV4waMbaEUMXtrYgOiCLU2JxKNgS8/OVV0qpV8WUVP1xU6rd5HEU4gVM4BwxXUId7aEATKDzBM7zCmzNyXpx352MxWnDynWP4A+fzB6y7kBY=</latexit>

d1 = d2 = 1
<latexit sha1_base64="jit32Em/5JgS604d+lU7N462VE0=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6kUoevFYwX5AG8pmO2nXbnbD7kYoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxPOtPG8b6ewsrq2vlHcLG1t7+zulfcPmlqmimKDSi5VOyQaORPYMMxwbCcKSRxybIWj26nfekKlmRQPZpxgEJOBYBGjxFip2UXOr/1eueJVvRncZeLnpAI56r3yV7cvaRqjMJQTrTu+l5ggI8owynFS6qYaE0JHZIAdSwWJUQfZ7NqJe2KVvhtJZUsYd6b+nshIrPU4Dm1nTMxQL3pT8T+vk5roKsiYSFKDgs4XRSl3jXSnr7t9ppAaPraEUMXsrS4dEkWosQGVbAj+4svLpHlW9S+q/v15pXaTx1GEIziGU/DhEmpwB3VoAIVHeIZXeHOk8+K8Ox/z1oKTzxzCHzifPwNqjsM=</latexit>

` = 1

<latexit sha1_base64="7hfEHm0lcwFwpYyayAePSwpby8E=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1ItQ9OKxgrWFJpTNdtIu3WzC7kQooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaWV1b3yhvVra2d3b3qvsHjybJNIcWT2SiOyEzIIWCFgqU0Ek1sDiU0A5Ht1O//QTaiEQ94DiFIGYDJSLBGVrJ93EIyOg19VPRq9bcujsDXSZeQWqkQLNX/fL7Cc9iUMglM6bruSkGOdMouIRJxc8MpIyP2AC6lioWgwny2c0TemKVPo0SbUshnam/J3IWGzOOQ9sZMxyaRW8q/ud1M4yuglyoNENQfL4oyiTFhE4DoH2hgaMcW8K4FvZWyodMM442pooNwVt8eZk8ntW9i7p3f15r3BRxlMkROSanxCOXpEHuSJO0CCcpeSav5M3JnBfn3fmYt5acYuaQ/IHz+QMnbZEc</latexit>

✓ = ⇡

<latexit sha1_base64="yKYd9zaRmKRuhoRLv7LoARQjRjw=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlYQrZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fAM+tZoG</latexit>

@f

@x
=

… other states/forces = 0
<latexit sha1_base64="bnCo+EUXHmojpRdA2G47eoDQb/I="></latexit>2

6666664

0 0. 0. 1. 0. 0
0 0. 0. 0. 1. 0
0 0. 0. 0. 0. 1.

�2. 1. 0. �2. 1. 0.
1. �1. 10. 1. �1. 0.
1. �1. 20. 1. �1. 0.

3

7777775

<latexit sha1_base64="0GwvCj0S0P7GRHQmGpGxt8jzhW4=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4Ckmpj41QdOOygn1AG8JkMmmHTh7MTJRS+yluXCji1i9x5984abPQ1gMDh3PO5d45fsqZVLb9baysrq1vbJa2yts7u3v7ZuWgLZNMENoiCU9E18eSchbTlmKK024qKI58Tjv+6Cb3Ow9USJbE92qcUjfCg5iFjGClJc+s9LkOB9hDzhWqW7WzsmdWbcueAS0TpyBVKND0zK9+kJAsorEiHEvZc+xUuRMsFCOcTsv9TNIUkxEe0J6mMY6odCez06foRCsBChOhX6zQTP09McGRlOPI18kIq6Fc9HLxP6+XqfDSnbA4zRSNyXxRmHGkEpT3gAImKFF8rAkmgulbERligYnSbeUlOItfXibtmuWcW85dvdq4LuoowREcwyk4cAENuIUmtIDAIzzDK7wZT8aL8W58zKMrRjFzCH9gfP4AJUaR+A==</latexit>

�1 = 4.25
<latexit sha1_base64="FIfCLE8Xu04hEeFUukVYX4f1nrc=">AAAB/HicbVDLSsNAFJ3UV42vaJduBovgxpCU0roRim5cVrAPaEOYTCbt0MmDmYkQQv0VNy4UceuHuPNvnLRZaOuBgcM553LvHC9hVEjL+tYqG5tb2zvVXX1v/+DwyDg+6Ys45Zj0cMxiPvSQIIxGpCepZGSYcIJCj5GBN7st/MEj4YLG0YPMEuKEaBLRgGIkleQatTFTYR+5sHENL5tmu6XrrlG3TGsBuE7sktRBia5rfI39GKchiSRmSIiRbSXSyRGXFDMy18epIAnCMzQhI0UjFBLh5Ivj5/BcKT4MYq5eJOFC/T2Ro1CILPRUMkRyKla9QvzPG6UyuHJyGiWpJBFeLgpSBmUMiyagTznBkmWKIMypuhXiKeIIS9VXUYK9+uV10m+Ydsu075v1zk1ZRxWcgjNwAWzQBh1wB7qgBzDIwDN4BW/ak/aivWsfy2hFK2dq4A+0zx/XFZJK</latexit>

�2 = �4.76
<latexit sha1_base64="VRuBSPOJyxNBBbpeHclmGfsQ8Ow=">AAACDHicbVDLSgMxFM3UVx1fVZdugkVwocPEFqsLoejGZQX7gM5QMplMG5p5kGSEMvQD3Pgrblwo4tYPcOffmGm70NYDgcM553Jzj5dwJpVtfxuFpeWV1bXiurmxubW9U9rda8k4FYQ2Scxj0fGwpJxFtKmY4rSTCIpDj9O2N7zJ/fYDFZLF0b0aJdQNcT9iASNYaalXKjtch33cyyon1TG8gqfIQpUadJIQ2tZlrcJMU6dsy54ALhI0I2UwQ6NX+nL8mKQhjRThWMoushPlZlgoRjgdm04qaYLJEPdpV9MIh1S62eSYMTzSig+DWOgXKThRf09kOJRyFHo6GWI1kPNeLv7ndVMVXLgZi5JU0YhMFwUphyqGeTPQZ4ISxUeaYCKY/iskAywwUbq/vAQ0f/IiaZ1Z6NxCd9Vy/XpWRxEcgENwDBCogTq4BQ3QBAQ8gmfwCt6MJ+PFeDc+ptGCMZvZB39gfP4AVDmXUQ==</latexit>

�3,4 = �1.137± 0.973i
<latexit sha1_base64="8eZx0bMkC36mLBYnDzrILn95zik=">AAACDHicbVDLSgMxFM3UVx1fVZdugkVwocNE+nAjFN24rGAf0BlKJpO2oZkHSUYoQz/Ajb/ixoUibv0Ad/6NmXYW2nogcDjnXG7u8WLOpLLtb6Owsrq2vlHcNLe2d3b3SvsHbRklgtAWiXgkuh6WlLOQthRTnHZjQXHgcdrxxjeZ33mgQrIovFeTmLoBHoZswAhWWuqXyg7XYR/30+pZbQqv4LltIYSgEwfQtirVOjNNnbItewa4TFBOyiBHs1/6cvyIJAENFeFYyh6yY+WmWChGOJ2aTiJpjMkYD2lP0xAHVLrp7JgpPNGKDweR0C9UcKb+nkhxIOUk8HQywGokF71M/M/rJWpw6aYsjBNFQzJfNEg4VBHMmoE+E5QoPtEEE8H0XyEZYYGJ0v1lJaDFk5dJ+8JCNQvdVcqN67yOIjgCx+AUIFAHDXALmqAFCHgEz+AVvBlPxovxbnzMowUjnzkEf2B8/gBH6ZdJ</latexit>

�5,6 = �0.111± 0.457i

Comments

Since the pendulum is vertical, there is 
an unstable mode with a positive

real eigenvalue



Example: Two Blocks + Pendulum Free Body Diagrams

Block 1

Kinematics

Dynamics:

<latexit sha1_base64="Jl6U/80Y4OCqS/GzNhOvULJrz64=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh3Hf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVa9W9e4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gD5y42Z</latexit>

k1
<latexit sha1_base64="rTF8T6tLw0pLZekIMTPHaz3r8sM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK1hbaUDabTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjLdYIhPdCajhUijeQoGSd1LNaRxI3g5GN1O//cS1EYl6wHHK/ZgOlIgEo2il+7Dv9as1t+7OQJaJV5AaFGj2q1+9MGFZzBUySY3pem6Kfk41Cib5pNLLDE8pG9EB71qqaMyNn89OnZATq4QkSrQthWSm/p7IaWzMOA5sZ0xxaBa9qfif180wuvJzodIMuWLzRVEmCSZk+jcJheYM5dgSyrSwtxI2pJoytOlUbAje4svL5PGs7l3UvbvzWuO6iKMMR3AMp+DBJTTgFprQAgYDeIZXeHOk8+K8Ox/z1pJTzBzCHzifP+8hjZI=</latexit>

d1

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="Pq8Y5lpI1WrAkKy2RY8QNCh0YLU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPBbY10</latexit>

F1

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="4UzQl73GG4I16IwPQBbBI2jdw7Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyqqMegF48RzQOSJcxOZpMh81hmZoWw5BO8eFDEq1/kzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTv3WE9WGKfloxwkNBR5IFjOCrZMeRO+8V674VX8GtEyCnFQgR71X/ur2FUkFlZZwbEwn8BMbZlhbRjidlLqpoQkmIzygHUclFtSE2ezUCTpxSh/FSruSFs3U3xMZFsaMReQ6BbZDs+hNxf+8Tmrj6zBjMkktlWS+KE45sgpN/0Z9pimxfOwIJpq5WxEZYo2JdemUXAjB4svLpHlWDS6rwf1FpXaTx1GEIziGUwjgCmpwB3VoAIEBPMMrvHnce/HevY95a8HLZw7hD7zPH//fjZ0=</latexit>m3

<latexit sha1_base64="Sv8BT+dsvuVxy/R+C35hx8Sczh0=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKe5KUC9C0IvHCOYB2TXMTnqTIbMPZnqVsOQ/vHhQxKv/4s2/cZLsQaMFDUVVN91dfiKFRtv+sgpLyyura8X10sbm1vZOeXevpeNUcWjyWMaq4zMNUkTQRIESOokCFvoS2v7oeuq3H0BpEUd3OE7AC9kgEoHgDI107+IQkNFL6ibipNYrV+yqPQP9S5ycVEiORq/86fZjnoYQIZdM665jJ+hlTKHgEiYlN9WQMD5iA+gaGrEQtJfNrp7QI6P0aRArUxHSmfpzImOh1uPQN50hw6Fe9Kbif143xeDCy0SUpAgRny8KUkkxptMIaF8o4CjHhjCuhLmV8iFTjKMJqmRCcBZf/ktap1XnrOrc1ir1qzyOIjkgh+SYOOSc1MkNaZAm4USRJ/JCXq1H69l6s97nrQUrn9knv2B9fAMP9ZGT</latexit>

✓ = ⇡/4

<latexit sha1_base64="OtFut2t1oeeBbCZBcPqXrEbV6x4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6p7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA9ejkE=</latexit>

`
<latexit sha1_base64="Xh4Xc41jus8oyAFvcAsLe257fk4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDv1W09MG67kgx0nLIjJQPKIU2Kd1Byga4T9XrniV/0Z0DLBOalAjnqv/NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ+jEKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gkgsBL768TJpnVXxRxffnldpNHkcRjuAYTgHDJdTgDurQAAqP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwDbNo4B</latexit>

g = 10

<latexit sha1_base64="MeeW59RNc5n/WcyFwX2ZwPWPS9A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0MO7X+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AH7T42a</latexit>

k2
<latexit sha1_base64="WVTk2Sa48NbWsCa+TxUceyC/rvA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWw2m3bpZhN2J0Ip/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTjDdZIhPdCajhUijeRIGSd1LNaRxI3g5GtzO//cS1EYl6xHHK/ZgOlIgEo2ilh7Bf65crbtWdg6wSLycVyNHol796YcKymCtkkhrT9dwU/QnVKJjk01IvMzylbEQHvGupojE3/mR+6pScWSUkUaJtKSRz9ffEhMbGjOPAdsYUh2bZm4n/ed0Mo2t/IlSaIVdssSjKJMGEzP4modCcoRxbQpkW9lbChlRThjadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwDO8wpsjnRfn3flYtBacfOYY/sD5/AHwpY2T</latexit>

d2

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="l5q9WZht3sUz+jWYFI33L+hwNxs=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD7Jf65crXtWbA68SPycVyNHol796g5imkilLBTGm63uJDTKiLaeCTUu91LCE0DEZsq6jikhmgmx+6hSfOWWAo1i7UhbP1d8TGZHGTGToOiWxI7PszcT/vG5qo+sg4ypJLVN0sShKBbYxnv2NB1wzasXEEUI1d7diOiKaUOvSKbkQ/OWXV0mrVvUvq/79RaV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwD+W42c</latexit>m2

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="Sv8BT+dsvuVxy/R+C35hx8Sczh0=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKe5KUC9C0IvHCOYB2TXMTnqTIbMPZnqVsOQ/vHhQxKv/4s2/cZLsQaMFDUVVN91dfiKFRtv+sgpLyyura8X10sbm1vZOeXevpeNUcWjyWMaq4zMNUkTQRIESOokCFvoS2v7oeuq3H0BpEUd3OE7AC9kgEoHgDI107+IQkNFL6ibipNYrV+yqPQP9S5ycVEiORq/86fZjnoYQIZdM665jJ+hlTKHgEiYlN9WQMD5iA+gaGrEQtJfNrp7QI6P0aRArUxHSmfpzImOh1uPQN50hw6Fe9Kbif143xeDCy0SUpAgRny8KUkkxptMIaF8o4CjHhjCuhLmV8iFTjKMJqmRCcBZf/ktap1XnrOrc1ir1qzyOIjkgh+SYOOSc1MkNaZAm4USRJ/JCXq1H69l6s97nrQUrn9knv2B9fAMP9ZGT</latexit>

✓ = ⇡/4

<latexit sha1_base64="OtFut2t1oeeBbCZBcPqXrEbV6x4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0swm7G6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByl/udJ1Sax/LRTBP0IzqSPOSMmlzqoxCDas2tu3OQVeIVpAYFmoPqV38YszRCaZigWvc8NzF+RpXhTOCs0k81JpRN6Ah7lkoaofaz+a0zcmaVIQljZUsaMld/T2Q00noaBbYzomasl71c/M/rpSa88TMuk9SgZItFYSqIiUn+OBlyhcyIqSWUKW5vJWxMFWXGxlOxIXjLL6+S9kXdu6p7D5e1xm0RRxlO4BTOwYNraMA9NKEFDMbwDK/w5kTOi/PufCxaS04xcwx/4Hz+AA9ejkE=</latexit>

`

<latexit sha1_base64="VR+ZOchMFpo5vD/og6TLjqdqvjw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh9te0itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMg+I2z</latexit>

Fp

<latexit sha1_base64="gg+Bkn7RnYX4BoCQllMUcLQ+tYg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btbhJ2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4bua3n1BpHkcPZpKgL+kw4iFn1FipIfvlilt15yCrxMtJBXLU++Wv3iBmqcTIMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtjahE7WfzQ6fkzCoDEsbKVmTIXP09kVGp9UQGtlNSM9LL3kz8z+umJrzxMx4lqcGILRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB14WM9w==</latexit>m

<latexit sha1_base64="Xh4Xc41jus8oyAFvcAsLe257fk4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDv1W09MG67kgx0nLIjJQPKIU2Kd1Byga4T9XrniV/0Z0DLBOalAjnqv/NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ+jEKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gkgsBL768TJpnVXxRxffnldpNHkcRjuAYTgHDJdTgDurQAAqP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwDbNo4B</latexit>

g = 10

<latexit sha1_base64="Pq8Y5lpI1WrAkKy2RY8QNCh0YLU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPBbY10</latexit>

F1<latexit sha1_base64="skeX6jq2/J2zA/jYJKe14f0nR54=">AAACAXicbZDLSgMxFIbPeK31NupGcBMsggspMyLqsujGZQV7gXYYMmnahmYuJGfEMtSNr+LGhSJufQt3vo1pOwtt/SHw8Z9zkpw/SKTQ6Djf1sLi0vLKamGtuL6xubVt7+zWdZwqxmsslrFqBlRzKSJeQ4GSNxPFaRhI3ggG1+N6454rLeLoDocJ90Lai0RXMIrG8u39B989Ie1OjCSnHH275JSdicg8uDmUIFfVt7/MLSwNeYRMUq1brpOgl1GFgkk+KrZTzRPKBrTHWwYjGnLtZZMNRuTIOB3SjZU5EZKJ+3sio6HWwzAwnSHFvp6tjc3/aq0Uu5deJqIkRR6x6UPdVBKMyTgO0hGKM5RDA5QpYf5KWJ8qytCEVjQhuLMrz0P9tOyel93bs1LlKo+jAAdwCMfgwgVU4AaqUAMGj/AMr/BmPVkv1rv1MW1dsPKZPfgj6/MH2liVOw==</latexit>

x1, ẋ1, ẍ1

Block 2
<latexit sha1_base64="QTvPlFewujsBhR+uv1nPt/0Uqxg=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYBBdSZoqoy6IblxXsBdphyKSZNjSTGZIzYhnqxldx40IRt76FO9/GtJ2Ftv4Q+PjPOUnOHySCa3Ccb6uwtLyyulZcL21sbm3v2Lt7TR2nirIGjUWs2gHRTHDJGsBBsHaiGIkCwVrB8HpSb90zpXks72CUMC8ifclDTgkYy7cPHvzqKe72YsA55ejbZafiTIUXwc2hjHLVffvL3ELTiEmggmjdcZ0EvIwo4FSwcambapYQOiR91jEoScS0l003GONj4/RwGCtzJOCp+3siI5HWoygwnRGBgZ6vTcz/ap0Uwksv4zJJgUk6eyhMBYYYT+LAPa4YBTEyQKji5q+YDogiFExoJROCO7/yIjSrFfe84t6elWtXeRxFdIiO0Aly0QWqoRtURw1E0SN6Rq/ozXqyXqx362PWWrDymX30R9bnD98ElT4=</latexit>

x2, ẋ2, ẍ2

Pendulum

<latexit sha1_base64="s5EoyW8rmnT70NWAvY1F2lZZUiI=">AAACAXicbVDLSgNBEJz1GeNr1YvgZTAIXgy7IupFCHrxGME8ILsss5NOMmT2wUyvEEK8+CtePCji1b/w5t84SfagiQUNRVU33V1hKoVGx/m2FhaXlldWC2vF9Y3NrW17Z7euk0xxqPFEJqoZMg1SxFBDgRKaqQIWhRIaYf9m7DceQGmRxPc4SMGPWDcWHcEZGimw9wdBSq/oCfVASurxRFMPe4AssEtO2ZmAzhM3JyWSoxrYX1474VkEMXLJtG65Tor+kCkUXMKo6GUaUsb7rAstQ2MWgfaHkw9G9MgobdpJlKkY6UT9PTFkkdaDKDSdEcOenvXG4n9eK8POpT8UcZohxHy6qJNJigkdx0HbQgFHOTCEcSXMrZT3mGIcTWhFE4I7+/I8qZ+W3fOye3dWqlzncRTIATkkx8QlF6RCbkmV1Agnj+SZvJI368l6sd6tj2nrgpXP7JE/sD5/AHFQlZ8=</latexit>

yp = �` cos ✓
<latexit sha1_base64="Wo0SVK2iyMPOjg76nvQoGtXfINs=">AAACEnicbZDLSgMxFIYz9VbrrerSTbAIuikzIupGKLpxWcFeoFNKJj1tQzOZITkjlKHP4MZXceNCEbeu3Pk2ptMutPWHwMd/zkly/iCWwqDrfju5peWV1bX8emFjc2t7p7i7VzdRojnUeCQj3QyYASkU1FCghGasgYWBhEYwvJnUGw+gjYjUPY5iaIesr0RPcIbW6hRP/G6E6WjciekVzdjHASAbUx+kpL4Rik6dTrHklt1MdBG8GZTITNVO8cvex5MQFHLJjGl5boztlGkUXMK44CcGYsaHrA8ti4qFYNppttKYHlmnS3uRtkchzdzfEykLjRmFge0MGQ7MfG1i/ldrJdi7bKdCxQmC4tOHeomkGNFJPrQrNHCUIwuMa2H/SvmAacbRpliwIXjzKy9C/bTsnZe9u7NS5XoWR54ckENyTDxyQSrkllRJjXDySJ7JK3lznpwX5935mLbmnNnMPvkj5/MHLJOdyQ==</latexit>

ẏp = ✓̇` sin ✓
<latexit sha1_base64="vKSK0Z3oGqSiVA9FrqLFuepDuHc=">AAACNnicbVDLSgMxFM34rPVVdekmWARBKDMi6kYounEjVLAP6NSSSW/b0ExmSO4IZehXufE73HXjQhG3foJpO+DzQuDknHNvck8QS2HQdcfO3PzC4tJybiW/ura+sVnY2q6ZKNEcqjySkW4EzIAUCqooUEIj1sDCQEI9GFxO9Po9aCMidYvDGFoh6ynRFZyhpdqFa7/TiTAdjtoxPaezi499QDaiPkhJfSMUnTH00Bq+9LujzMEjkznahaJbcqdF/wIvA0WSVaVdeLITeRKCQi6ZMU3PjbGVMo2CSxjl/cRAzPiA9aBpoWIhmFY6XXtE9y3Tod1I26OQTtnvHSkLjRmGgXWGDPvmtzYh/9OaCXbPWqlQcYKg+OyhbiIpRnSSIe0IDRzl0ALGtbB/pbzPNONok87bELzfK/8FtaOSd1Lybo6L5YssjhzZJXvkgHjklJTJFamQKuHkgYzJC3l1Hp1n5815n1nnnKxnh/wo5+MT+WmsDQ==</latexit>

ÿp = ✓̈` sin ✓ + ✓̇2` cos ✓

<latexit sha1_base64="rJOAy/59qNkGPbVtPKVuT/InEOk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+i6t2dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AENqI2m</latexit>x1

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="/rZAd4lc2G6FCQIDhVAWkVLUlxw=">AAAB/3icbVDLSgMxFL1TX7W+RgU3boJFqAvLTBF1IxQFcVnBPqAdhkyaaUMzD5KMtIxd+CtuXCji1t9w59+YtrPQ6oF7OZxzL7k5XsyZVJb1ZeQWFpeWV/KrhbX1jc0tc3unIaNEEFonEY9Ey8OSchbSumKK01YsKA48Tpve4GriN++pkCwK79Qopk6AeyHzGcFKS665d+2mA7cyvtCtNHQr6BgNXfvINYtW2ZoC/SV2RoqQoeaan51uRJKAhopwLGXbtmLlpFgoRjgdFzqJpDEmA9yjbU1DHFDppNP7x+hQK13kR0JXqNBU/bmR4kDKUeDpyQCrvpz3JuJ/XjtR/rmTsjBOFA3J7CE/4UhFaBIG6jJBieIjTTARTN+KSB8LTJSOrKBDsOe//Jc0KmX7tGzfnhSrl1kcediHAyiBDWdQhRuoQR0IPMATvMCr8Wg8G2/G+2w0Z2Q7u/ALxsc3DJWULg==</latexit>

Fk2 = k2(x2 � x1)
<latexit sha1_base64="59P3Xqa0/IQN/2gVvk8rkEHi5SU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0y5JN0zY2myxJVixL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJYIb6/vfXmFldW19o7hZ2tre2d0r7x80jUo1ZQ2qhNLtiBgmuGQNy61g7UQzEkeCtaLRzdRvPTJtuJL3dpywICYDyfucEuuk5ijETyEOyxW/6s+AlgnOSQVy1MPyV7enaBozaakgxnSwn9ggI9pyKtik1E0NSwgdkQHrOCpJzEyQza6doBOn9FBfaVfSopn6eyIjsTHjOHKdMbFDs+hNxf+8Tmr7V0HGZZJaJul8UT8VyCo0fR31uGbUirEjhGrubkV0SDSh1gVUciHgxZeXSfOsii+q+O68UrvO4yjCERzDKWC4hBrcQh0aQOEBnuEV3jzlvXjv3se8teDlM4fwB97nD/0Hjr8=</latexit>

k1x1
<latexit sha1_base64="Z7gKJTPt9jmMOeI76gjFSuR0yCU=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqkxE1GXRjcsKthbaYchkMm1o5kFyRyylv+HGhSJu/Rl3/o1pOwttPRA4nHMP9+YEmZIGXffbKa2srq1vlDcrW9s7u3vV/YO2SXPNRYunKtWdgBmhZCJaKFGJTqYFiwMlHoLhzdR/eBTayDS5x1EmvJj1ExlJztBKvdCnpBemSJ586ldrbt2dgSwTWpAaFGj61S8b5XksEuSKGdOlbobemGmUXIlJpZcbkTE+ZH3RtTRhsTDeeHbzhJxYJSRRqu1LkMzU34kxi40ZxYGdjBkOzKI3Ff/zujlGV95YJlmOIuHzRVGuCKZkWgAJpRYc1cgSxrW0txI+YJpxtDVVbAl08cvLpH1Wpxd1endea1wXdZThCI7hFChcQgNuoQkt4JDBM7zCm5M7L8678zEfLTlF5hD+wPn8AbwxkNc=</latexit>

d1ẋ1
<latexit sha1_base64="3hEhl1tX+kNSTO8t0C8XHA5tNiY=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksQl1YkiLqsujGZQV7gTaEyWTSDp1cmJmIJRQ3voobF4q49Snc+TZO2yy09YeBj/+cw5nzewlnUlnWt1FYWl5ZXSuulzY2t7Z3zN29loxTQWiTxDwWHQ9LyllEm4opTjuJoDj0OG17w+tJvX1PhWRxdKdGCXVC3I9YwAhW2nLNA9+toUrPjxV60HSKcrRPXLNsVa2p0CLYOZQhV8M1v/QsSUMaKcKxlF3bSpSTYaEY4XRc6qWSJpgMcZ92NUY4pNLJpieM0bF2fBTEQr9Ioan7eyLDoZSj0NOdIVYDOV+bmP/VuqkKLp2MRUmqaERmi4KUIxWjSR7IZ4ISxUcaMBFM/xWRARaYKJ1aSYdgz5+8CK1a1T6v2rdn5fpVHkcRDuEIKmDDBdThBhrQBAKP8Ayv8GY8GS/Gu/Exay0Y+cw+/JHx+QO565UV</latexit>

d2(ẋ2 � ẋ1)

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="Sv8BT+dsvuVxy/R+C35hx8Sczh0=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKe5KUC9C0IvHCOYB2TXMTnqTIbMPZnqVsOQ/vHhQxKv/4s2/cZLsQaMFDUVVN91dfiKFRtv+sgpLyyura8X10sbm1vZOeXevpeNUcWjyWMaq4zMNUkTQRIESOokCFvoS2v7oeuq3H0BpEUd3OE7AC9kgEoHgDI107+IQkNFL6ibipNYrV+yqPQP9S5ycVEiORq/86fZjnoYQIZdM665jJ+hlTKHgEiYlN9WQMD5iA+gaGrEQtJfNrp7QI6P0aRArUxHSmfpzImOh1uPQN50hw6Fe9Kbif143xeDCy0SUpAgRny8KUkkxptMIaF8o4CjHhjCuhLmV8iFTjKMJqmRCcBZf/ktap1XnrOrc1ir1qzyOIjkgh+SYOOSc1MkNaZAm4USRJ/JCXq1H69l6s97nrQUrn9knv2B9fAMP9ZGT</latexit>

✓ = ⇡/4

<latexit sha1_base64="VR+ZOchMFpo5vD/og6TLjqdqvjw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh9te0itX3Ko7A1kmXk4qkKPeK391+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26oScWKVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpn+TvtCcoRxbQpkW9lbChlRThjadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOi/Ou/Mxby04+cwh/IHz+QMg+I2z</latexit>

Fp

<latexit sha1_base64="/rZAd4lc2G6FCQIDhVAWkVLUlxw=">AAAB/3icbVDLSgMxFL1TX7W+RgU3boJFqAvLTBF1IxQFcVnBPqAdhkyaaUMzD5KMtIxd+CtuXCji1t9w59+YtrPQ6oF7OZxzL7k5XsyZVJb1ZeQWFpeWV/KrhbX1jc0tc3unIaNEEFonEY9Ey8OSchbSumKK01YsKA48Tpve4GriN++pkCwK79Qopk6AeyHzGcFKS665d+2mA7cyvtCtNHQr6BgNXfvINYtW2ZoC/SV2RoqQoeaan51uRJKAhopwLGXbtmLlpFgoRjgdFzqJpDEmA9yjbU1DHFDppNP7x+hQK13kR0JXqNBU/bmR4kDKUeDpyQCrvpz3JuJ/XjtR/rmTsjBOFA3J7CE/4UhFaBIG6jJBieIjTTARTN+KSB8LTJSOrKBDsOe//Jc0KmX7tGzfnhSrl1kcediHAyiBDWdQhRuoQR0IPMATvMCr8Wg8G2/G+2w0Z2Q7u/ALxsc3DJWULg==</latexit>

Fk2 = k2(x2 � x1)

<latexit sha1_base64="3hEhl1tX+kNSTO8t0C8XHA5tNiY=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksQl1YkiLqsujGZQV7gTaEyWTSDp1cmJmIJRQ3voobF4q49Snc+TZO2yy09YeBj/+cw5nzewlnUlnWt1FYWl5ZXSuulzY2t7Z3zN29loxTQWiTxDwWHQ9LyllEm4opTjuJoDj0OG17w+tJvX1PhWRxdKdGCXVC3I9YwAhW2nLNA9+toUrPjxV60HSKcrRPXLNsVa2p0CLYOZQhV8M1v/QsSUMaKcKxlF3bSpSTYaEY4XRc6qWSJpgMcZ92NUY4pNLJpieM0bF2fBTEQr9Ioan7eyLDoZSj0NOdIVYDOV+bmP/VuqkKLp2MRUmqaERmi4KUIxWjSR7IZ4ISxUcaMBFM/xWRARaYKJ1aSYdgz5+8CK1a1T6v2rdn5fpVHkcRDuEIKmDDBdThBhrQBAKP8Ayv8GY8GS/Gu/Exay0Y+cw+/JHx+QO565UV</latexit>

d2(ẋ2 � ẋ1)

<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="s9YKeFST7Eb7NgdZIhziouS+atM=">AAACBXicbVDLSgNBEJyNrxhfUY96GAyCIITdIOpFCHrxGME8IBuW2UnHDJmdXWZ6JSHk4sVf8eJBEa/+gzf/xsnjoMaChqKqm+6uMJHCoOt+OZmFxaXllexqbm19Y3Mrv71TM3GqOVR5LGPdCJkBKRRUUaCERqKBRaGEeti7Gvv1e9BGxOoWBwm0InanREdwhlYK8vv9IKEXtB+U6DH1QUrqG6Goj11AFuQLbtGdgM4Tb0YKZIZKkP/02zFPI1DIJTOm6bkJtoZMo+ASRjk/NZAw3mN30LRUsQhMazj5YkQPrdKmnVjbUkgn6s+JIYuMGUSh7YwYds1fbyz+5zVT7Jy3hkIlKYLi00WdVFKM6TgS2hYaOMqBJYxrYW+lvMs042iDy9kQvL8vz5NaqeidFr2bk0L5chZHluyRA3JEPHJGyuSaVEiVcPJAnsgLeXUenWfnzXmftmac2cwu+QXn4xvpuJby</latexit>

xp = x2 + ` sin ✓
<latexit sha1_base64="70/M1tpzTnvpUZRkyCkG4+G9vR8=">AAACG3icbZDLSgMxFIYz9VbrbdSlm2ARBKHMFFE3QtGNywr2Ap2hZNLTNjRzITkjltL3cOOruHGhiCvBhW9j2s5CW38IfPznnCTnDxIpNDrOt5VbWl5ZXcuvFzY2t7Z37N29uo5TxaHGYxmrZsA0SBFBDQVKaCYKWBhIaASD60m9cQ9Kizi6w2ECfsh6kegKztBYbbvsdWKkD+2EXtIMy/Rkhh72ARn1QErq8VhnRtsuOiVnKroIbgZFkqnatj/NdTwNIUIumdYt10nQHzGFgksYF7xUQ8L4gPWgZTBiIWh/NN1tTI+M06HdWJkTIZ26vydGLNR6GAamM2TY1/O1iflfrZVi98IfiShJESI+e6ibSooxnQRFO0IBRzk0wLgS5q+U95liHE2cBROCO7/yItTLJfes5N6eFitXWRx5ckAOyTFxyTmpkBtSJTXCySN5Jq/kzXqyXqx362PWmrOymX3yR9bXDyAan6Q=</latexit>

ẋp = ẋ2 + ✓̇` cos ✓
<latexit sha1_base64="Zmprx9N0Eaj+QweIFWY8t9NELaI=">AAACP3icbZBNSwMxEIazftb6VfXoJVgEQSy7RdSLIHrxWMFWobsu2XRqg9nsksyKpfjPvPgXvHn14kERr95M6yraOhB4eN+ZJPNGqRQGXffRGRufmJyaLswUZ+fmFxZLS8sNk2SaQ50nMtHnETMghYI6CpRwnmpgcSThLLo66vtn16CNSNQpdlMIYnapRFtwhlYKSw2/1UqQ3oQp3affXKWbOfvYAWTUBympzxPzLWxZ/8e+qOYNRqhcCktlt+IOio6Cl0OZ5FULSw/2Qp7FoJBLZkzTc1MMekyj4BJui35mIGX8il1C06JiMZigN9j/lq5bpUXbibZHIR2ovyd6LDamG0e2M2bYMcNeX/zPa2bY3gt6QqUZguJfD7UzSTGh/TBpS2jgKLsWGNfC/pXyDtOMo428aEPwhlcehUa14u1UvJPt8sFhHkeBrJI1skE8sksOyDGpkTrh5I48kRfy6tw7z86b8/7VOubkMyvkTzkfn3rarXs=</latexit>

ẍp = ẍ2 + ✓̈` cos ✓ � ✓̇2` sin ✓

<latexit sha1_base64="0UvdONimD/3SMd4Dk7RFyBmNMkg=">AAACLnicbVDLSsNAFJ34rPVVdelmsAiuSiKiLosiuKxgq9CUMJnctIOTSZi5EUvwi9z4K7oQVMStn+H04dsDA+eeew9z7wkzKQy67qMzMTk1PTNbmivPLywuLVdWVlsmzTWHJk9lqs9DZkAKBU0UKOE808CSUMJZeHE46J9dgjYiVafYz6CTsK4SseAMrRRUjvwQukIVYcJQi6vrsh9FKdKrwKO+Tz+K7a/Cxx4go2UfVPTpCipVt+YOQf8Sb0yqZIxGULn3o5TnCSjkkhnT9twMOwXTKLgEu0VuIGP8gnWhbaliCZhOMTz3mm5aJaJxqu1TSIfqd0fBEmP6SWgn7X4987s3EP/rtXOM9zuFUFmOoPjooziXFFM6yI5GQgNH2beEcS3srpT3mGYcbcJlG4L3++S/pLVd83Zr3slOtX4wjqNE1skG2SIe2SN1ckwapEk4uSF35Ik8O7fOg/PivI5GJ5yxZ438gPP2Dqn+qFE=</latexit>2

4
ẍ1

ẍ2

✓̈

3

5

<latexit sha1_base64="69S4UoU2OTRz9Z/TU262jzltLME="></latexit>2

4
m1 0 0
0 (m2 +m3) m3` cos ✓
0 m3` cos ✓ m3`2

3

5
<latexit sha1_base64="fktkf7e37s5ZsJjxRobER+EnYsg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHq5Jr1xxq+4MZJl4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbphJxYpU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+jbpc4XMiLEllClubyVsSBVlxoZTsiF4iy8vk+ZZ1buoevfnldpNHkcRjuAYTsGDS6jBHdShAQxCeIZXeHNGzovz7nzMWwtOPnMIf+B8/gDkZozx</latexit>=

<latexit sha1_base64="cD4k4KNzpmj/EC8Ge0xqniELPZI=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiGzdCBfvAtpRMeqcNzWSGJCOUoX/hxoUibv0bd/6NmXYW2nogcDjnXnLu8WPBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpKFMMGi0Sk2j7VKLjEhuFGYDtWSENfYMsf32R+6wmV5pF8MJMYeyEdSh5wRo2VHrshNSM/SO+m/XLFrbozkGXi5aQCOer98ld3ELEkRGmYoFp3PDc2vZQqw5nAaambaIwpG9MhdiyVNETdS2eJp+TEKgMSRMo+achM/b2R0lDrSejbySyhXvQy8T+vk5jgqpdyGScGJZt/FCSCmIhk55MBV8iMmFhCmeI2K2EjqigztqSSLcFbPHmZNM+q3kXVuz+v1K7zOopwBMdwCh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxHC06+cwh/4Hz+AL3akPc=</latexit>

M <latexit sha1_base64="Uj6nJ3AsEVHd4YV8iSLkuEEseJM=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EcRSEGZ32qzW37s5AlolXkBoUaParX71BzNKIK2SSGtP13AT9jGoUTPJppZcanlA2pkPetVTRiBs/myWekhOrDEgYa/sUkpn6eyOjkTGTKLCTeUKz6OXif143xfDKz4RKUuSKzT8KU0kwJvn5ZCA0ZygnllCmhc1K2IhqytCWVLEleIsnL5P2Wd27qHt357XGdVFHGY7gGE7Bg0towC00oQUMFDzDK7w5xnlx3p2P+WjJKXYO4Q+czx/cPpEL</latexit>a
<latexit sha1_base64="sZ49ajG7bco8ZWSalhiKsP33yl4=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiIC4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4WV1bX1jeJmaWt7Z3evvH/Q1FGiGDZYJCLV9qlGwSU2DDcC27FCGvoCW/74JvNbT6g0j+SDmcTYC+lQ8oAzaqz02A2pGflBejvtlytu1Z2BLBMvJxXIUe+Xv7qDiCUhSsME1brjubHppVQZzgROS91EY0zZmA6xY6mkIepeOks8JSdWGZAgUvZJQ2bq742UhlpPQt9OZgn1opeJ/3mdxARXvZTLODEo2fyjIBHERCQ7nwy4QmbExBLKFLdZCRtRRZmxJZVsCd7iycukeVb1Lqre/Xmldp3XUYQjOIZT8OASanAHdWgAAwnP8ApvjnZenHfnYz5acPKdQ/gD5/MHszeQ8A==</latexit>

F
<latexit sha1_base64="l2Ugl02wXDnbzBSKXsioGAyh6Dw=">AAACD3icbVDLSgMxFL1TX7W+Rl26CRbFjWVGRN0IRUHcCBXsA9qxZNJMG5p5kGSEMswfuPFX3LhQxK1bd/6NmT5AWw8Ezj3nXnLvcSPOpLKsbyM3N7+wuJRfLqysrq1vmJtbNRnGgtAqCXkoGi6WlLOAVhVTnDYiQbHvclp3+5eZX3+gQrIwuFODiDo+7gbMYwQrLbXN/ZaPVc/1EpyiczQpbtL75NBOJ+VV2jaLVskaAs0Se0yKMEalbX61OiGJfRoowrGUTduKlJNgoRjhNC20YkkjTPq4S5uaBtin0kmG96RoTysd5IVCv0Chofp7IsG+lAPf1Z3ZhnLay8T/vGasvDMnYUEUKxqQ0UdezJEKURYO6jBBieIDTTARTO+KSA8LTJSOsKBDsKdPniW1o5J9UrJvj4vli3EcediBXTgAG06hDNdQgSoQeIRneIU348l4Md6Nj1FrzhjPbMMfGJ8//aucpA==</latexit>

a = M�1F

<latexit sha1_base64="5etlQgqY64WGu+17OmqAUVi3uDo=">AAAB+nicbVDLSgMxFM34rPU11aWbYBEqSJkRUTdC0Y3LCvYB7VAyaaYNzWSG5I7Sjv0UNy4UceuXuPNvTNtZaOuBC4dz7k3uPX4suAbH+baWlldW19ZzG/nNre2dXbuwV9dRoiir0UhEqukTzQSXrAYcBGvGipHQF6zhD24mfuOBKc0jeQ/DmHkh6UkecErASB270O5GkI7G+AoHpdFJcow7dtEpO1PgReJmpIgyVDv2l3mDJiGTQAXRuuU6MXgpUcCpYON8O9EsJnRAeqxlqCQh0146XX2Mj4zSxUGkTEnAU/X3REpCrYehbzpDAn09703E/7xWAsGll3IZJ8AknX0UJAJDhCc54C5XjIIYGkKo4mZXTPtEEQomrbwJwZ0/eZHUT8vuedm9OytWrrM4cugAHaISctEFqqBbVEU1RNEjekav6M16sl6sd+tj1rpkZTP76A+szx+IMpLf</latexit>

ż = f(z, u)
<latexit sha1_base64="zqBZPsCuMyo5Ic9hyNyOLEIEggQ=">AAACLHicbZBLSwMxEMezPmt9rXr0EiyCp7JbRL0IxV48VugLtuuSTdM2NPsgmRVr6Qfy4lcRxINFvPo5zLaraOtAhh///0ySGT8WXIFlTYyl5ZXVtfXcRn5za3tn19zbb6gokZTVaSQi2fKJYoKHrA4cBGvFkpHAF6zpDyqp37xjUvEorMEwZm5AeiHvckpAS55ZecCX2Gnje8/GaS7p3IY+A5JCJ4LMybD0jT817m3NMwtW0ZoGXgQ7gwLKouqZL/oOmgQsBCqIUo5txeCOiAROBRvn24liMaED0mOOxpAETLmj6bBjfKyVDu5GUp8Q8FT93TEigVLDwNeVAYG+mvdS8T/PSaB74Y54GCfAQjp7qJsIDBFON4c7XDIKYqiBUMn1XzHtE0ko6P3m9RLs+ZEXoVEq2mdF++a0UL7K1pFDh+gInSAbnaMyukZVVEcUPaJn9IYmxpPxarwbH7PSJSPrOUB/wvj8AnIupCM=</latexit>

z = [ x1 x2 ✓ ẋ1 ẋ2 ✓̇ ]T
<latexit sha1_base64="LLIhNCty/P7nY1UjVN+9OCxP604=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWwVVJiqgboSiIywp9CGkMk+mkHTp5MDMRSujGX3HjQhG3foY7/8ZJm4W2HpjL4Zx7uXOPn3AmlWV9G6Wl5ZXVtfJ6ZWNza3vH3N3ryDgVhLZJzGNx72NJOYtoWzHF6X0iKA59Trv+6Dr3u49USBZHLTVOqBviQcQCRrDSkmcepAhdIqeHbjwb5bWuq/vQ8syqVbOmQIvELkgVCjQ986vXj0ka0kgRjqV0bCtRboaFYoTTSaWXSppgMsID6mga4ZBKN5seMEHHWumjIBb6RQpN1d8TGQ6lHIe+7gyxGsp5Lxf/85xUBRduxqIkVTQis0VBypGKUZ4G6jNBieJjTTARTP8VkSEWmCidWUWHYM+fvEg69Zp9VrPvTquNqyKOMhzCEZyADefQgFtoQhsITOAZXuHNeDJejHfjY9ZaMoqZffgD4/MH+jSTdA==</latexit>

u = [ F1 F2 ]T

Linearization:

<latexit sha1_base64="76amL2JspmCy2rLGs73VujnDtKE=">AAACCnicbZDLSsNAFIZPvNZ6q7p0M1oEVyURUTdC0Y3LCvYCTSiT6aQdOpmEmYlQQtZufBU3LhRx6xO4822ctAG19YeBj/+cMzPn92POlLbtL2thcWl5ZbW0Vl7f2NzaruzstlSUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj67zevueSsUicafHMfVCPBAsYARrY/UqB24gMUndGEvNMEdB9sNJhi5RuVep2jV7IjQPTgFVKNToVT7dfkSSkApNOFaq69ix9tL8UsJpVnYTRWNMRnhAuwYFDqny0skqGToyTh8FkTRHaDRxf0+kOFRqHPqmM8R6qGZruflfrZvo4MJLmYgTTQWZPhQkHOkI5bmgPpOUaD42gIlk5q+IDLHJRpv08hCc2ZXnoXVSc85qzu1ptX5VxFGCfTiEY3DgHOpwAw1oAoEHeIIXeLUerWfrzXqfti5Yxcwe/JH18Q16mJoX</latexit>

@f

@u
=

<latexit sha1_base64="RtKOTngD9rifF7k3Gj1cs03x1l0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ae0oWy2m3TpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvSKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuBdRwKRRvo0DJe6nmNA4k7waT27nffeTaiEQ94DTlfkwjJULBKFqpO2iKKPIrw2rNrbsLkL/EK0gNCrSG1c/BKGFZzBUySY3pe26Kfk41Cib5rDLIDE8pm9CI9y1VNObGzxfnzsiZVUYkTLQthWSh/pzIaWzMNA5sZ0xxbFa9ufif188wvPFzodIMuWLLRWEmCSZk/jsZCc0ZyqkllGlhbyVsTDVlaBOah+CtvvyXdC7q3lXdu7+sNZpFHGU4gVM4Bw+uoQF30II2MJjAE7zAq5M6z86b875sLTnFzDH8gvPxDXppjwI=</latexit>#<latexit sha1_base64="OFT1QrjM7FBepu6eDXOWyf7v98g=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7AekoWy2m3TpZrPsboQS+iO8eFDEq7/Hm//GTZuDVh8MPN6bYWZeKDnTxnW/nMra+sbmVnW7trO7t39QPzzq6TRThHZJylM1CLGmnAnaNcxwOpCK4iTktB9Obwu//0iVZql4MDNJgwTHgkWMYGOl/rDN4tivjeoNt+kugP4SryQNKNEZ1T+H45RkCRWGcKy177nSBDlWhhFO57VhpqnEZIpj6lsqcEJ1kC/OnaMzq4xRlCpbwqCF+nMix4nWsyS0nQk2E73qFeJ/np+Z6CbImZCZoYIsF0UZRyZFxe9ozBQlhs8swUQxeysiE6wwMTahIgRv9eW/pHfR9K6a3v1lo9Uu46jCCZzCOXhwDS24gw50gcAUnuAFXh3pPDtvzvuyteKUM8fwC87HN3dfjwA=</latexit>"
<latexit sha1_base64="vqy2hewhAwaT2yQgQB0Vf5jcR+o=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KCfUAbymQ6aYdOZsLMjVBCP8ONC0Xc+jXu/BsnbRbaemDgcM69zLknTAQ36HnfTmltfWNzq7xd2dnd2z+oHh61jUo1ZS2qhNLdkBgmuGQt5ChYN9GMxKFgnXByl/udJ6YNV/IRpwkLYjKSPOKUoJV6/ZjgOIwyb1YZVGte3ZvDXSV+QWpQoDmofvWHiqYxk0gFMabnewkGGdHIqWCzSj81LCF0QkasZ6kkMTNBNo88c8+sMnQjpe2T6M7V3xsZiY2ZxqGdzCOaZS8X//N6KUY3QcZlkiKTdPFRlAoXlZvf7w65ZhTF1BJCNbdZXTommlC0LeUl+Msnr5L2Rd2/qvsPl7XGbVFHGU7gFM7Bh2towD00oQUUFDzDK7w56Lw4787HYrTkFDvH8AfO5w/J3ZDu</latexit>

0
<latexit sha1_base64="aogRUODmXTC1yzc0egwjmfrd+3w=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF71VsLaQlrLZbtqlm03YfRFK6M/w4kERr/4ab/4bN20O2jqwMMy8x86bIJHCoOt+O6WV1bX1jfJmZWt7Z3evun/waOJUM95isYx1J6CGS6F4CwVK3kk0p1EgeTsY3+R++4lrI2L1gJOE9yI6VCIUjKKV/G5EcRSE2d200q/W3Lo7A1kmXkFqUKDZr351BzFLI66QSWqM77kJ9jKqUTDJp5VuanhC2ZgOuW+pohE3vWwWeUpOrDIgYaztU0hm6u+NjEbGTKLATuYRzaKXi/95forhVS8TKkmRKzb/KEwlwZjk95OB0JyhnFhCmRY2K2EjqilD21Jegrd48jJ5PKt7F3Xv/rzWuC7qKMMRHMMpeHAJDbiFJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kD7/ORBw==</latexit>

I
<latexit sha1_base64="qsDcRLoEFT+YK7MLPDZFOUmA5FM=">AAACCnicbZDLSsNAFIZP6q3WW9Slm9EiuCqJiLoRim5cVrAXaEKZTCft0MmFmYlQQ9ZufBU3LhRx6xO4822ctAG19YeBj/+cMzPn92LOpLKsL6O0sLi0vFJeraytb2xumds7LRklgtAmiXgkOh6WlLOQNhVTnHZiQXHgcdr2Rld5vX1HhWRReKvGMXUDPAiZzwhW2uqZ+44vMEmdGAvFMEd+9sP3GbpAlZ5ZtWrWRGge7AKqUKjRMz+dfkSSgIaKcCxl17Zi5ab5pYTTrOIkksaYjPCAdjWGOKDSTSerZOhQO33kR0KfUKGJ+3sixYGU48DTnQFWQzlby83/at1E+eduysI4UTQk04f8hCMVoTwX1GeCEsXHGjARTP8VkSHW2SidXh6CPbvyPLSOa/Zpzb45qdYvizjKsAcHcAQ2nEEdrqEBTSDwAE/wAq/Go/FsvBnv09aSUczswh8ZH9+CRZoc</latexit>

@f

@z
=

<latexit sha1_base64="ev1RuRqzk57eMZd1Y7Lj8nUwuko=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoioh6LXjxWsR/QhrLZTtqlm03Y3Qgl9B948aCIV/+RN/+Nm7YHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj29xvPaHSPJaPZpygH9GB5CFn1Fjp4azUK1fcqjsFWSbenFRgjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHrphJxYpU/CWNmShkzV3xMZjbQeR4HtjKgZ6kUvF//zOqkJr/2MyyQ1KNlsUZgKYmKSv036XCEzYmwJZYrbWwkbUkWZseHkIXiLLy+T5nnVu6x69xeV2s08jiIcwTGcggdXUIM7qEMDGITwDK/w5oycF+fd+Zi1Fpz5zCH8gfP5A6e0jMk=</latexit>

+
<latexit sha1_base64="Vlopfzi1oY7yOKugZNl3d0G/Qvk=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIqMuiGzdCBfuANpbJdNIOnUzCzKRQQv7EjQtF3Pon7vwbJ20W2npg4HDOvdwzx485U9pxvq3Syura+kZ5s7K1vbO7Z+8ftFSUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj29zvz2hUrFIPOppTL0QDwULGMHaSH3b7oVYj/wgvc+e0jM3q/TtqlNzZkDLxC1IFQo0+vZXbxCRJKRCE46V6rpOrL0US80Ip1mllygaYzLGQ9o1VOCQKi+dJc/QiVEGKIikeUKjmfp7I8WhUtPQN5N5TrXo5eJ/XjfRwbWXMhEnmgoyPxQkHOkI5TWgAZOUaD41BBPJTFZERlhiok1ZeQnu4peXSeu85l7W3IeLav2mqKMMR3AMp+DCFdThDhrQBAITeIZXeLNS68V6tz7moyWr2DmEP7A+fwDVXpMi</latexit>

M�1
<latexit sha1_base64="w9lB2+tOBZqM5coYA45SpDAYhCg=">AAACJHicbVDLSsNAFJ3UV62vqEs3g0WoiCURUcFNURA3QgX7gCaWyXTSDp08mJkIbcjHuPFX3LjwgQs3fouTNvhoPTBwOPfcO/ceJ2RUSMP40HIzs3PzC/nFwtLyyuqavr5RF0HEManhgAW86SBBGPVJTVLJSDPkBHkOIw2nf57WG3eECxr4N3IQEttDXZ+6FCOppLZ+ugctD8me48ZXSWm4exvvm4nlcoRjK0RcUsS+DRdJ8iMOE9jWi0bZGAFOEzMjRZCh2tZfrU6AI4/4EjMkRMs0QmnH6UTMSFKwIkFChPuoS1qK+sgjwo5HRyZwRykd6AZcPV/Ckfq7I0aeEAPPUc50XzFZS8X/aq1Iuid2TP0wksTH44/ciEEZwDQx2KGcYMkGiiDMqdoV4h5SCUmVa0GFYE6ePE3qB2XzqGxeHxYrZ1kcebAFtkEJmOAYVMAlqIIawOAePIJn8KI9aE/am/Y+tua0rGcT/IH2+QVDQqU8</latexit>

+M(z)�1 @F

@z

<latexit sha1_base64="iZXv7C4szlGm+9zKIu0oaXN9+Cg="></latexit>⇥
0 0 �M�1 @M

@✓ M�1F 0 0 0
⇤

<latexit sha1_base64="RJDD+0qdSuHJlPc43ocYJQkRXew=">AAACH3icbVDLSsNAFL3xWesr6tLNYBHcWBKR6rIoiBuhgn1AE8tkOmmHTh7MTIQS8idu/BU3LhQRd/0bJ21FbT0wcDjn3jv3Hi/mTCrLGhkLi0vLK6uFteL6xubWtrmz25BRIgitk4hHouVhSTkLaV0xxWkrFhQHHqdNb3CZ+80HKiSLwjs1jKkb4F7IfEaw0lLHrDgBVn3PT2+y+/TYzpDjC0xSJ8ZCMczRt32VZT9iknXMklW2xkDzxJ6SEkxR65ifTjciSUBDRTiWsm1bsXLTfCDhNCs6iaQxJgPco21NQxxQ6abj+zJ0qJUu8iOhX6jQWP3dkeJAymHg6cp8XTnr5eJ/XjtR/rmbsjBOFA3J5CM/4UhFKA8LdZmgRPGhJpgIpndFpI91QEpHWtQh2LMnz5PGSdmulO3b01L1YhpHAfbhAI7AhjOowjXUoA4EHuEZXuHNeDJejHfjY1K6YEx79uAPjNEXj6qj7w==</latexit>

M�1 @F

@u

<latexit sha1_base64="7t/C1Pm+Z1nhhA3ES7Hh8R/jA64="></latexit>2

4
F1 � k1x1 � d1ẋ1 + k2(x2 � x1) + d2(ẋ2 � ẋ1)
F2 +m3✓̇2` sin ✓ � k2(x2 � x1)� d2(ẋ2 � ẋ1)

�mg` sin ✓

3

5
<latexit sha1_base64="3SvQCNdmVfTWYmKNa+pp7/Iolzw=">AAACAHicbVA9SwNBEN2LXzF+RS0sbBaDYGO4U1HLoI1lBPMBuSPsbSbJkr29Y3dOCEca/4qNhSK2/gw7/42bj0ITHww83pthZl6YSGHQdb+d3NLyyupafr2wsbm1vVPc3aubONUcajyWsW6GzIAUCmooUEIz0cCiUEIjHNyO/cYjaCNi9YDDBIKI9ZToCs7QSu3iwWnUPqc96oOU1DdCUR/7gKxdLLlldwK6SLwZKZEZqu3il9+JeRqBQi6ZMS3PTTDImEbBJYwKfmogYXzAetCyVLEITJBNHhjRY6t0aDfWthTSifp7ImORMcMotJ0Rw76Z98bif14rxe51kAmVpAiKTxd1U0kxpuM0aEdo4CiHljCuhb2V8j7TjKPNrGBD8OZfXiT1s7J3WfbuL0qVm1kceXJIjsgJ8cgVqZA7UiU1wsmIPJNX8uY8OS/Ou/Mxbc05s5l98gfO5w/tBZVb</latexit>

�m3g` sin ✓

<latexit sha1_base64="MNtw6WMoud8qnMqCeyspaUj7fIY=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0VwY0lE1I1QdONGqGAf0IQymU7aoZMHMzdCCfkKN/6KGxeKuBV3/o2TNovaemDgcM69d+49Xiy4Asv6MUpLyyura+X1ysbm1vaOubvXUlEiKWvSSESy4xHFBA9ZEzgI1oklI4EnWNsb3eR++5FJxaPwAcYxcwMyCLnPKQEt9cwTx5eEpk5MJHAisBMQGHp+epdlMyIMGZAMX/XMqlWzJsCLxC5IFRVo9Mxvpx/RJGAhUEGU6tpWDG6az6WCZRUnUSwmdEQGrKtpSAKm3HRyVoaPtNLHfiT1CwFP1NmOlARKjQNPV+Zbq3kvF//zugn4l27KwzgBFtLpR34iMEQ4zwj3uWQUxFgTQiXXu2I6JDon0ElWdAj2/MmLpHVas89r9v1ZtX5dxFFGB+gQHSMbXaA6ukUN1EQUPaEX9IbejWfj1fgwPqelJaPo2Ud/YHz9AkphoA8=</latexit>

@M

@✓
=

<latexit sha1_base64="6g0S57ZOeuaqUXSPqBCO1MS0d/w="></latexit>2

4
0 0 0
0 0 �m3` sin ✓
0 �m3` sin ✓ 0

3

5

<latexit sha1_base64="wGOpxzRDU6TjblAybnVu6bRT5Xg="></latexit>2

4
�k1 � k2 k2 0 �d1 � d2 d2 0

k2 �k2 m3✓̇2` cos ✓ d2 �d2 2✓̇m3` sin ✓
0 0 �m3g` cos ✓ 0 0 0

3

5
<latexit sha1_base64="Vs1QW0fQAOaPHFXjTR3ZaOcwpRU=">AAACEXicbVDLSsNAFL3xWesr6tLNYBG6KomIuhGKgrisYB/QhDKZTtqhkwczE6GG/IIbf8WNC0XcunPn3zhpA2rrgYHDOffeufd4MWdSWdaXsbC4tLyyWlorr29sbm2bO7stGSWC0CaJeCQ6HpaUs5A2FVOcdmJBceBx2vZGl7nfvqNCsii8VeOYugEehMxnBCst9cyq4wtMUifGQjHMkRNgNfT89CrLfsT7DJ33zIpVsyZA88QuSAUKNHrmp9OPSBLQUBGOpezaVqzcNB9JOM3KTiJpjMkID2hX0xAHVLrp5KIMHWqlj/xI6BcqNFF/d6Q4kHIceLoyX1jOern4n9dNlH/mpiyME0VDMv3ITzhSEcrjQX0mKFF8rAkmguldERliHZHSIZZ1CPbsyfOkdVSzT2r2zXGlflHEUYJ9OIAq2HAKdbiGBjSBwAM8wQu8Go/Gs/FmvE9LF4yiZw/+wPj4BjUGnd4=</latexit>

@F

@z
=

<latexit sha1_base64="G4QZSdoS1drIsiZspZeo84pyX2U=">AAACEnicbVDLSsNAFL2pr1pfUZduBougm5KIqBuhKIjLCvYBTSiT6aQdOnkwMxFKyDe48VfcuFDErSt3/o2TNqC2Hhg4nHPvnXuPF3MmlWV9GaWFxaXllfJqZW19Y3PL3N5pySgRhDZJxCPR8bCknIW0qZjitBMLigOP07Y3usr99j0VkkXhnRrH1A3wIGQ+I1hpqWceOb7AJHViLBTDHDkBVkPPT6+z7EdMMnSBembVqlkToHliF6QKBRo989PpRyQJaKgIx1J2bStWbprPJJxmFSeRNMZkhAe0q2mIAyrddHJShg600kd+JPQLFZqovztSHEg5DjxdmW8sZ71c/M/rJso/d1MWxomiIZl+5CccqQjl+aA+E5QoPtYEE8H0rogMsc5I6RQrOgR79uR50jqu2ac1+/akWr8s4ijDHuzDIdhwBnW4gQY0gcADPMELvBqPxrPxZrxPS0tG0bMLf2B8fAOSzJ4D</latexit>

@F

@u
=

<latexit sha1_base64="JjwTL9GWxkNIyAP/Z/QzQ7GK12A=">AAACH3icbZDLSsNAFIYnXmu8RV26GSyKq5KIVJdFNy4r2As0oUymp+3QySTMTMQS+iZufBU3LhQRd30bp20Ubf1h4OM/5zDn/GHCmdKuO7aWlldW19YLG/bm1vbOrrO3X1dxKinUaMxj2QyJAs4E1DTTHJqJBBKFHBrh4HpSb9yDVCwWd3qYQBCRnmBdRok2Vtsp+yH0mMjCiGjJHka2h0+wi33fdg143+Bi2wfR+WlrO0W35E6FF8HLoYhyVdvOp9+JaRqB0JQTpVqem+ggI1IzymFk+6mChNAB6UHLoCARqCCb3jfCx8bp4G4szRMaT93fExmJlBpGoek0+/XVfG1i/ldrpbp7GWRMJKkGQWcfdVOOdYwnYeEOk0A1HxogVDKzK6Z9IgnVJlLbhODNn7wI9bOSVy55t+fFylUeRwEdoiN0ijx0gSroBlVRDVH0iJ7RK3qznqwX6936mLUuWfnMAfoja/wFe0Ke6w==</latexit>2

4
1 0
0 1
0 0

3

5

<latexit sha1_base64="l2Ugl02wXDnbzBSKXsioGAyh6Dw=">AAACD3icbVDLSgMxFL1TX7W+Rl26CRbFjWVGRN0IRUHcCBXsA9qxZNJMG5p5kGSEMswfuPFX3LhQxK1bd/6NmT5AWw8Ezj3nXnLvcSPOpLKsbyM3N7+wuJRfLqysrq1vmJtbNRnGgtAqCXkoGi6WlLOAVhVTnDYiQbHvclp3+5eZX3+gQrIwuFODiDo+7gbMYwQrLbXN/ZaPVc/1EpyiczQpbtL75NBOJ+VV2jaLVskaAs0Se0yKMEalbX61OiGJfRoowrGUTduKlJNgoRjhNC20YkkjTPq4S5uaBtin0kmG96RoTysd5IVCv0Chofp7IsG+lAPf1Z3ZhnLay8T/vGasvDMnYUEUKxqQ0UdezJEKURYO6jBBieIDTTARTO+KSA8LTJSOsKBDsKdPniW1o5J9UrJvj4vli3EcediBXTgAG06hDNdQgSoQeIRneIU348l4Md6Nj1FrzhjPbMMfGJ8//aucpA==</latexit>

a = M�1F

<latexit sha1_base64="KJk6aJ9rfd/3nEin2NF3JYzxG1o=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlQQ7ZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fANBxZoI</latexit>

@f

@z
=

<latexit sha1_base64="+LmFMV/GwJe166lhiSFP32aH+Yg=">AAACJHicbVDLSgNBEJz1bXxFPXoZDEJECLtRVBBB9OJRwWggmyyzk44ZMrO7zPSKYcnHePFXvHjwgQcvfouTx0GNBU0XVd3MdIWJFAZd99OZmJyanpmdm88tLC4tr+RX165NnGoOFR7LWFdDZkCKCCooUEI10cBUKOEm7Jz1/Zs70EbE0RV2E6grdhuJluAMrRTkj3yEe8yagD16TFWwS32QslEuqqBMd/rC9rA1ygOH+jw21Mc2IAvyBbfkDkDHiTciBTLCRZB/85sxTxVEyCUzpua5CdYzplFwCb2cnxpIGO+wW6hZGjEFpp4NjuzRLas0aSvWtiKkA/XnRsaUMV0V2knFsG3+en3xP6+WYuuwnokoSREiPnyolUqKMe0nRptCA0fZtYRxLexfKW8zzTjaXHM2BO/vyePkulzy9kve5V7h5HQUxxzZIJukSDxyQE7IObkgFcLJA3kiL+TVeXSenXfnYzg64Yx21skvOF/f1x+h2Q==</latexit>

det = m3`
2(m2 +m3) +m2

3` cos ✓

<latexit sha1_base64="qXa5/V3edWxrsafDfrIEgpCK9KM="></latexit>
m3`2 �m3` cos ✓

�m3` cos ✓ m2 +m3

�
<latexit sha1_base64="RVFWvj5DaAOHbcFOoHEK9ZJAagw=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUlE1GXRjcsK9gFtKJPJTTt08mDmRqwh+CtuXCji1v9w5984bbPQ1gMXDufcy733eIngCm372ygtLa+srpXXKxubW9s75u5eS8WpZNBksYhlx6MKBI+giRwFdBIJNPQEtL3R9cRv34NUPI7ucJyAG9JBxAPOKGqpbx70AklZ5uRZD+EBMx8wz/tm1a7ZU1iLxClIlRRo9M2vnh+zNIQImaBKdR07QTejEjkTkFd6qYKEshEdQFfTiIag3Gx6fW4da8W3gljqitCaqr8nMhoqNQ493RlSHKp5byL+53VTDC7djEdJihCx2aIgFRbG1iQKy+cSGIqxJpRJrm+12JDqOFAHVtEhOPMvL5LWac05rzm3Z9X6VRFHmRySI3JCHHJB6uSGNEiTMPJInskreTOejBfj3fiYtZaMYmaf/IHx+QN/OZXo</latexit>

1

det

<latexit sha1_base64="w90qZulc5A2R3TH2+HI+nGCTX6M=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqkxE1GXRjcsK9gHtUDJppg1NMmOSKZRhvsONC0Xc+jHu/BvTx0JbD1w4nHMv994TJoIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZxqyho0FrFuh8QwwRVrWG4FayeaERkK1gpHd1O/NWba8Fg92knCAkkGikecEuukoBtpQjOcZ7KH81654lf9GdAqwQtSgQXqvfJXtx/TVDJlqSDGdLCf2CAj2nIqWF7qpoYlhI7IgHUcVUQyE2Szo3N05pQ+imLtSlk0U39PZEQaM5Gh65TEDs2yNxX/8zqpjW6CjKsktUzR+aIoFcjGaJoA6nPNqBUTRwjV3N2K6JC4HKzLqeRCwMsvr5LmRRVfVfHDZaV2u4ijCCdwCueA4RpqcA91aACFJ3iGV3jzxt6L9+59zFsL3mLmGP7A+/wBwiGSGA==</latexit>

1

m1

<latexit sha1_base64="Nh7TLHkIWAHD9QsOwjc+3htkUJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBexGMug==</latexit>

0
<latexit sha1_base64="Nh7TLHkIWAHD9QsOwjc+3htkUJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBexGMug==</latexit>

0
<latexit sha1_base64="Nh7TLHkIWAHD9QsOwjc+3htkUJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBexGMug==</latexit>

0
<latexit sha1_base64="Nh7TLHkIWAHD9QsOwjc+3htkUJM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBexGMug==</latexit>

0

<latexit sha1_base64="sPt5zFMtFZrmK4yzsY2e6HpymSQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ae0oWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZqDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbud+94kqzaR4MNOE+jGOBAsZwcZKnUGTRZE/rNbcupsDrRKvIDUo0BpWvwYjSdKYCkM41rrvuYnxM6wMI5zOKoNU0wSTCY5o31KBY6r9LL92hs6sMkKhVLaEQbn6eyLDsdbTOLCdMTZjvezNxf+8fmrCGz9jIkkNFWSxKEw5MhLNX0cjpigxfGoJJorZWxEZY4WJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0Qhju4=</latexit>#
<latexit sha1_base64="SYIXPJmFfhu4vD8FJ6Tb82h/axQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7AekoWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MOVMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WmCG0TyaXqhVhTzgRtG2Y47aWK4iTktBuOb2d+94kqzaR4MJOUBgmOBYsYwcZKnX6TxbE/qNbcujsHWiVeQWpQoDWofvWHkmQJFYZwrLXvuakJcqwMI5xOK/1M0xSTMY6pb6nACdVBPr92is6sMkSRVLaEQXP190SOE60nSWg7E2xGetmbif95fmaimyBnIs0MFWSxKMo4MhLNXkdDpigxfGIJJorZWxEZYYWJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0EZjuw=</latexit>"

Eigenvalues

Linearization Stability - Case 4
<latexit sha1_base64="jQ/hhWDv2iQ69SmIh3gluR/Xsvw=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFclUkVdSMU3bisYB/QDkMmTdvQJDMkGWEY6q+4caGIWz/EnX9jOp2Fth7I5XDOvdybE8acaeN5387K6tr6xmZpq7y9s7u37x4ctnWUKEJbJOKR6oZYU84kbRlmOO3GimIRctoJJ7czv/NIlWaRfDBpTH2BR5INGcHGSoFbEQGC11AE9bye2YoCt+rVvBxwmaCCVEGBZuB+9QcRSQSVhnCsdQ95sfEzrAwjnE7L/UTTGJMJHtGepRILqv0sP34KT6wygMNI2ScNzNXfExkWWqcitJ0Cm7Fe9Gbif14vMcMrP2MyTgyVZL5omHBoIjhLAg6YosTw1BJMFLO3QjLGChNj8yrbENDil5dJu15DFzV0f15t3BRxlMAROAanAIFL0AB3oAlagIAUPINX8OY8OS/Ou/Mxb11xipkK+APn8wd29ZIR</latexit>

m1 = m2 = m3 = 1
<latexit sha1_base64="Iw/nfGChkdg58eNDuwBPKTOnKv4=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqkyKqBuh6MZlBfuAdhgyaaYNzWTGJFMoQ7/DjQtF3Pox7vwb03YW2nrgXg7n3EtuTpAIro3rfjuFtfWNza3idmlnd2//oHx41NJxqihr0ljEqhMQzQSXrGm4EayTKEaiQLB2MLqb+e0xU5rH8tFMEuZFZCB5yCkxVvJGPkY3aOTXbMd+ueJW3TnQKsE5qUCOhl/+6vVjmkZMGiqI1l3sJsbLiDKcCjYt9VLNEkJHZMC6lkoSMe1l86On6MwqfRTGypY0aK7+3shIpPUkCuxkRMxQL3sz8T+vm5rw2su4TFLDJF08FKYCmRjNEkB9rhg1YmIJoYrbWxEdEkWosTmVbAh4+curpFWr4ssqfrio1G/zOIpwAqdwDhiuoA730IAmUHiCZ3iFN2fsvDjvzsditODkO8fwB87nD8JxkCQ=</latexit>

k1 = k2 = 1
<latexit sha1_base64="+lpfnvQsm+TC9LNtnYbdtQrdBh8=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqkyKqBuh6MZlBfuAdhgymUwbmsmMSaZQSr/DjQtF3Pox7vwb03YW2nrgXg7n3EtuTpAKro3rfjuFtfWNza3idmlnd2//oHx41NJJpihr0kQkqhMQzQSXrGm4EayTKkbiQLB2MLyb+e0RU5on8tGMU+bFpC95xCkxVvJCH6MbFPo127FfrrhVdw60SnBOKpCj4Ze/emFCs5hJQwXRuovd1HgTogyngk1LvUyzlNAh6bOupZLETHuT+dFTdGaVEEWJsiUNmqu/NyYk1nocB3YyJmagl72Z+J/XzUx07U24TDPDJF08FGUCmQTNEkAhV4waMbaEUMXtrYgOiCLU2JxKNgS8/OVV0qpV8WUVP1xU6rd5HEU4gVM4BwxXUId7aEATKDzBM7zCmzNyXpx352MxWnDynWP4A+fzB6y7kBY=</latexit>

d1 = d2 = 1
<latexit sha1_base64="vtwJw2ron8bMPaa0uNmBJJISJoU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgv3ANpTNdtIu3WzC7kYoof/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5YMYJ+hEdSB5yRo2VHrsoBLkmnuv2yhW36s5AlomXkwrkqPfKX91+zNIIpWGCat3x3MT4GVWGM4GTUjfVmFA2ogPsWCpphNrPZhdPyIlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhlZ9xmaQGJZsvClNBTEym75M+V8iMGFtCmeL2VsKGVFFmbEglG4K3+PIyaZ5VvYuqd39eqd3kcRThCI7hFDy4hBrcQR0awEDCM7zCm6OdF+fd+Zi3Fpx85hD+wPn8AZJqj4s=</latexit>

` = 100

Comments

<latexit sha1_base64="7hfEHm0lcwFwpYyayAePSwpby8E=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1ItQ9OKxgrWFJpTNdtIu3WzC7kQooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaWV1b3yhvVra2d3b3qvsHjybJNIcWT2SiOyEzIIWCFgqU0Ek1sDiU0A5Ht1O//QTaiEQ94DiFIGYDJSLBGVrJ93EIyOg19VPRq9bcujsDXSZeQWqkQLNX/fL7Cc9iUMglM6bruSkGOdMouIRJxc8MpIyP2AC6lioWgwny2c0TemKVPo0SbUshnam/J3IWGzOOQ9sZMxyaRW8q/ud1M4yuglyoNENQfL4oyiTFhE4DoH2hgaMcW8K4FvZWyodMM442pooNwVt8eZk8ntW9i7p3f15r3BRxlMkROSanxCOXpEHuSJO0CCcpeSav5M3JnBfn3fmYt5acYuaQ/IHz+QMnbZEc</latexit>

✓ = ⇡

<latexit sha1_base64="yKYd9zaRmKRuhoRLv7LoARQjRjw=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlYQrZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fAM+tZoG</latexit>

@f

@x
=

… other states/forces = 0

<latexit sha1_base64="VCS0/EUgL3l9dopDbKXlL72juwc=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwoSFppdaFUHTjsoJ9QFvCZDJth84kYWYilNAfcOOvuHGhiFv37vwbJ20W2npg4HDOudy5x4sYlcq2v43c0vLK6lp+vbCxubW9Y+7uNWUYC0waOGShaHtIEkYD0lBUMdKOBEHcY6TljW5Sv/VAhKRhcK/GEelxNAhon2KktOSaR12mwz5yE+e0NIFX8MyxynYVwm7EoW1dliu0UHDNom3ZU8BF4mSkCDLUXfOr64c45iRQmCEpO44dqV6ChKKYkUmhG0sSITxCA9LRNECcyF4yvWYCj7Xiw34o9AsUnKq/JxLEpRxzTyc5UkM576Xif14nVv1qL6FBFCsS4NmifsygCmFaDfSpIFixsSYIC6r/CvEQCYSVLjAtwZk/eZE0S5ZTsZy782LtOqsjDw7AITgBDrgANXAL6qABMHgEz+AVvBlPxovxbnzMojkjm9kHf2B8/gCp7Zd2</latexit>

�1,2 = �1.308± 0.936i
<latexit sha1_base64="TgJ004/G6tcZFxDsunLdTrffxEQ=">AAACDnicbVDLSsNAFJ3UV42vqEs3g6XgQkNiq+1GKLpxWcE+oC1hMpm0QycPZiZCCf0CN/6KGxeKuHXtzr9x0mahrQcGDuecy5173JhRIS3rWyusrK6tbxQ39a3tnd09Y/+gLaKEY9LCEYt410WCMBqSlqSSkW7MCQpcRjru+CbzOw+ECxqF93ISk0GAhiH1KUZSSY5R7jMV9pCTVk6rU3gFzyzTrldgPw6gZV5UapBCXXeMkmVaM8BlYuekBHI0HeOr70U4CUgoMUNC9GwrloMUcUkxI1O9nwgSIzxGQ9JTNEQBEYN0ds4UlpXiQT/i6oUSztTfEykKhJgErkoGSI7EopeJ/3m9RPr1QUrDOJEkxPNFfsKgjGDWDfQoJ1iyiSIIc6r+CvEIcYSlajArwV48eZm0z0370rTvqqXGdV5HERyBY3ACbFADDXALmqAFMHgEz+AVvGlP2ov2rn3MowUtnzkEf6B9/gAMXJeh</latexit>

�3,4 = �0.183± 0.537i
<latexit sha1_base64="vicdvSNI3Eovc7v1sIBQfx+zb8Y=">AAAB/HicbVDLSsNAFJ3UV42vaJduBovgKiQ+uxGKblxWsA9oQ5hMJu3QySTMTIQQ6q+4caGIWz/EnX/jpO1CWw8MHM45l3vnBCmjUjnOt1FZWV1b36humlvbO7t71v5BRyaZwKSNE5aIXoAkYZSTtqKKkV4qCIoDRrrB+Lb0u49ESJrwB5WnxIvRkNOIYqS05Fu1AdPhEPkX8Bo69tlZwzR9q+7YzhRwmbhzUgdztHzraxAmOIsJV5ghKfuukyqvQEJRzMjEHGSSpAiP0ZD0NeUoJtIrpsdP4LFWQhglQj+u4FT9PVGgWMo8DnQyRmokF71S/M/rZypqeAXlaaYIx7NFUcagSmDZBAypIFixXBOEBdW3QjxCAmGl+ypLcBe/vEw6p7Z7abv35/XmzbyOKjgER+AEuOAKNMEdaIE2wCAHz+AVvBlPxovxbnzMohVjPlMDf2B8/gDb0ZJN</latexit>

�5 = 0.338
<latexit sha1_base64="pIp/jv0tPPFsMYKTCZG9p2LiVCE=">AAAB/XicbVDLSsNAFJ3UV42v+Ni5GSyCG0Pio7oRim5cVrAPaEOYTCbt0MkkzEyEGoq/4saFIm79D3f+jZO2C209MHA451zunROkjErlON9GaWFxaXmlvGqurW9sblnbO02ZZAKTBk5YItoBkoRRThqKKkbaqSAoDhhpBYObwm89ECFpwu/VMCVejHqcRhQjpSXf2usyHQ6RX4VX8NixT8+rpulbFcd2xoDzxJ2SCpii7ltf3TDBWUy4wgxJ2XGdVHk5EopiRkZmN5MkRXiAeqSjKUcxkV4+vn4ED7USwigR+nEFx+rviRzFUg7jQCdjpPpy1ivE/7xOpqJLL6c8zRTheLIoyhhUCSyqgCEVBCs21ARhQfWtEPeRQFjpwooS3Nkvz5Pmie1WbffurFK7ntZRBvvgABwBF1yAGrgFddAAGDyCZ/AK3own48V4Nz4m0ZIxndkFf2B8/gBL1ZKF</latexit>

�6 = �0.356

Since the pendulum is vertical, there is 
an unstable mode with a positive

real eigenvalue

<latexit sha1_base64="NF1V7KCM2OUCkp+QzHss9JcKMeI="></latexit>2

6666664

0 0. 0. 1. 0. 0
0 0. 0. 0. 1. 0
0 0. 0. 0. 0. 1.

�2. 1. 0. �2. 1. 0.
1. �1. 10. 1. �1. 0.
0.01 �0.01 0.2 0.01 �0.01. 0.
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Example: Double Pendulum Free Body Diagrams

Pendulum 1

Kinematics

<latexit sha1_base64="b91MtPjv3k5SMwf3uxdltwMmwC0=">AAACA3icbZA9SwNBEIb3/IzxK2qnzWIQrMKdiNoIQRvLCOYDcuHY20ySJXt7x+6cGELAxr9iY6GIrX/Czn/jJrlCE19YeHhnhtl5w0QKg6777SwsLi2vrObW8usbm1vbhZ3dmolTzaHKYxnrRsgMSKGgigIlNBINLAol1MP+9bhevwdtRKzucJBAK2JdJTqCM7RWUNh/CDx6SX2Q0oJvhKI+9gBZ4AWFoltyJ6Lz4GVQJJkqQeHLb8c8jUAhl8yYpucm2BoyjYJLGOX91EDCeJ91oWlRsQhMazi5YUSPrNOmnVjbp5BO3N8TQxYZM4hC2xkx7JnZ2tj8r9ZMsXPRGgqVpAiKTxd1UkkxpuNAaFto4CgHFhjXwv6V8h7TjKONLW9D8GZPnofaSck7K3m3p8XyVRZHjhyQQ3JMPHJOyuSGVEiVcPJInskreXOenBfn3fmYti442cwe+SPn8wey3ZZL</latexit>

x1 = `1 sin ✓1
<latexit sha1_base64="33x7SWt1T0746KjqvMuDOO4nOu8=">AAACF3icbZDLSgMxFIYz9VbrbdSlm2ARXJUZEXUjFN24rGAv0BmGTHrahmYuJGfEMvQt3Pgqblwo4lZ3vo3pZaGtPwR+vnNOkvOHqRQaHefbKiwtr6yuFddLG5tb2zv27l5DJ5niUOeJTFQrZBqkiKGOAiW0UgUsCiU0w8H1uN68B6VFEt/hMAU/Yr1YdAVnaFBgV7xOgvnDKHDpJZ14D/uAzAAPpDTY44mmUxi4gV12Ks5EdNG4M1MmM9UC+8tcyrMIYuSSad12nRT9nCkUXMKo5GUaUsYHrAdtY2MWgfbzyV4jemRIh3YTZU6MdEJ/T+Qs0noYhaYzYtjX87Ux/K/WzrB74eciTjOEmE8f6maSYkLHIdGOUMBRDo1hXAnzV8r7TDGOJsqSCcGdX3nRNE4q7lnFvT0tV69mcRTJATkkx8Ql56RKbkiN1Aknj+SZvJI368l6sd6tj2lrwZrN7JM/sj5/ACQHn0Y=</latexit>

ẋ1 = ✓̇1`1 cos ✓1
<latexit sha1_base64="b5QqzMnHoZlItMhUDmrlZShv2V4="></latexit>

ẍ1 = ✓̈1`1 cos ✓1 � ✓̇21`1 sin ✓1

<latexit sha1_base64="QdJfu+QQmc/TByfZvRaz27bmZZI=">AAACBHicbZC7SgNBFIZnvcZ4i1qmGQyCjWFXRG2EoI1lBHOB7LLMTs4mQ2YvzJwVwpLCxlexsVDE1oew822cXApN/GHg4z/ncOb8QSqFRtv+tpaWV1bX1gsbxc2t7Z3d0t5+UyeZ4tDgiUxUO2AapIihgQIltFMFLAoktILBzbjeegClRRLf4zAFL2K9WISCMzSWXyoPfYde0RMXpDTk8kRTF/uAzHf8UsWu2hPRRXBmUCEz1f3Sl9tNeBZBjFwyrTuOnaKXM4WCSxgV3UxDyviA9aBjMGYRaC+fHDGiR8bp0jBR5sVIJ+7viZxFWg+jwHRGDPt6vjY2/6t1MgwvvVzEaYYQ8+miMJMUEzpOhHaFAo5yaIBxJcxfKe8zxTia3IomBGf+5EVonlad86pzd1apXc/iKJAyOSTHxCEXpEZuSZ00CCeP5Jm8kjfryXqx3q2PaeuSNZs5IH9kff4AGyGWfg==</latexit>

y1 = �`1 cos ✓1
<latexit sha1_base64="JgMlWX7JClb1aCavr+kLpNHPkUI=">AAACF3icbZDLSgMxFIYzXmu9VV26CRbBVZkRUTdC0Y3LCvYCnTJk0tM2NJMZkjNCGfoWbnwVNy4Ucas738Z02oW2/hD4+c45Sc4fJlIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e03TJxqDnUey1i3QmZACgV1FCihlWhgUSihGQ5vJvXmA2gjYnWPowQ6Eesr0ROcoUVBqeJ3Y8xG48CjVzT3Pg4AmQU+SGmxb4SiUxh4QansVtxcdNF4M1MmM9WC0pe9lKcRKOSSGdP23AQ7GdMouIRx0U8NJIwPWR/a1ioWgelk+V5jemxJl/ZibY9CmtPfExmLjBlFoe2MGA7MfG0C/6u1U+xddjKhkhRB8elDvVRSjOkkJNoVGjjKkTWMa2H/SvmAacbRRlm0IXjzKy+axmnFO694d2fl6vUsjgI5JEfkhHjkglTJLamROuHkkTyTV/LmPDkvzrvzMW1dcmYzB+SPnM8fLY6fTA==</latexit>

ẏ1 = ✓̇1`1 sin ✓1
<latexit sha1_base64="Yf7pQoQOjenUzZvouCg367tWgKU="></latexit>

ÿ1 = ✓̈1`1 sin ✓1 + ✓̇21`1 cos ✓1

Pendulum 2

<latexit sha1_base64="K9fvqbgybxdrllPV5ZrwetBejtQ="></latexit>

ẋ2 = ẋ1 + ✓̇2`2 cos ✓2 = ✓̇1`1 cos ✓1 + ✓̇2`2 cos ✓2
<latexit sha1_base64="H3YF/5a2a132c8cgK1UAoHTkvnQ="></latexit>

ẍ2 = ẍ1 + ✓̈2`2 cos ✓2 � ✓̇22`2 sin ✓2 = ✓̈1`1 cos ✓1 � ✓̇21`1 sin ✓1 + ✓̈2`2 cos ✓2 � ✓̇22`2 sin ✓2

<latexit sha1_base64="4nkBlwGS7tGivGNQDhdYS75n8wo=">AAACNXicdZDLSgMxFIYzXmu9jbp0EyyCIJQZEXUjFN24cFHBqtApQyY9tcFMZkjOSEvpS7nxPVzpwoUibn0F0+ksvB4I/Pn+c0jOH6VSGPS8J2dicmp6ZrY0V55fWFxadldWL0ySaQ4NnshEX0XMgBQKGihQwlWqgcWRhMvo5njkX96CNiJR59hPoRWzayU6gjO0KHRPe+EOPaS90KfbNAAp7TUwQgXYBWS5l1M/p7TA/zSHbsWrennR38IvRIUUVQ/dh6Cd8CwGhVwyY5q+l2JrwDQKLmFYDjIDKeM37BqaVioWg2kN8q2HdNOSNu0k2h6FNKdfJwYsNqYfR7YzZtg1P70R/MtrZtg5aA2ESjMExccPdTJJMaGjCGlbaOAo+1YwroX9K+VdphlHG3TZhuD/XPm3uNip+ntV/2y3Ujsq4iiRdbJBtohP9kmNnJA6aRBO7sgjeSGvzr3z7Lw57+PWCaeYWSPfyvn4BMMFqIE=</latexit>

x2 = x1 + `2 sin ✓2 = `1 sin ✓1 + `2 sin ✓2
<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="MI4iaa9t3elN9cdAdp9GIeCMAnU=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoxmUF+5B2KJk004YmM0NyRyxDv8KNC0Xc+jnu/BvTdhbaeiBwOOcecu8JEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FBFvoEDJ24nmVAWSt4LRzdRvPXJtRBzd4zjhvqKDSISCUbTSQ7cfY/Y06VV7pbJbcWcgy8TLSRly1HulL5tlqeIRMkmN6Xhugn5GNQom+aTYTQ1PKBvRAe9YGlHFjZ/NFp6QU6v0SRhr+yIkM/V3IqPKmLEK7KSiODSL3lT8z+ukGF75mYiSFHnE5h+FqSQYk+n1pC80ZyjHllCmhd2VsCHVlKHtqGhL8BZPXibNasW7qHh35+XadV5HAY7hBM7Ag0uowS3UoQEMFDzDK7w52nlx3p2P+eiKk2eO4A+czx/tupB+</latexit>

ẋ2
<latexit sha1_base64="3U6RacfBcHiqY8SKzRIiMyV21z0=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE8laSIeix68VjBfmBbymazaZdudsPuRCyh/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLEsENet63s7K6tr6xWdgqbu/s7u2XDg6bRqWasgZVQul2QAwTXLIGchSsnWhG4kCwVjC6mfqtR6YNV/IexwnrxWQgecQpQSs9dMNQYfY06Vf7pbJX8WZwl4mfkzLkqPdLX91Q0TRmEqkgxnR8L8FeRjRyKtik2E0NSwgdkQHrWCpJzEwvm108cU+tErqR0rYkujP190RGYmPGcWA7Y4JDs+hNxf+8TorRVS/jMkmRSTpfFKXCReVO33dDrhlFMbaEUM3trS4dEk0o2pCKNgR/8eVl0qxW/IuKf3derl3ncRTgGE7gDHy4hBrcQh0aQEHCM7zCm2OcF+fd+Zi3rjj5zBH8gfP5A63JkOw=</latexit>

ẍ2

<latexit sha1_base64="rD/K3R7nRe/VP/0rUdW1BEbPSTk=">AAACOnicdVDLSgMxFM34dnxVXboJFsGNZVJE3RRENy4tWC10ypBJb9vQzIPkjjAUv8uNX+HOhRsXirj1A0zbWajVA4GTc84luSdMlTToeU/OzOzc/MLi0rK7srq2vlHa3Lo2SaYFNESiEt0MuQElY2igRAXNVAOPQgU34eB85N/cgjYyia8wT6Ed8V4su1JwtFJQqudBldZoHjB6QH1Qyl59kRjqYx+QB1W35hYG+2Ew9598UCp7FW8MOk1YQcqkwGVQevQ7icgiiFEobkyLeSm2h1yjFAruXD8zkHIx4D1oWRrzCEx7OF79ju5ZpUO7ibYnRjpWv08MeWRMHoU2GXHsm9/eSPzLa2XYPWkPZZxmCLGYPNTNFMWEjnqkHalBoMot4UJL+1cq+lxzgbbtUQns98rT5LpaYUcVVj8sn54VdSyRHbJL9gkjx+SUXJBL0iCC3JNn8krenAfnxXl3PibRGaeY2SY/4Hx+AUdyqP8=</latexit>

y2 = y1 � `2 cos ✓2 = �`1 cos ✓1 � `2 cos ✓2
<latexit sha1_base64="knRqiNCn2fbum80My9XMGaByInI="></latexit>

ẏ2 = ẏ1 + ✓̇2`2 sin ✓2 = ✓̇1`1 sin ✓1 + ✓̇2`2 sin ✓2
<latexit sha1_base64="g8tzsyrqe4wHK+3OhSehoY3nqlE="></latexit>

ÿ2 = ÿ1 + ✓̈2`2 sin ✓2 + ✓̇22`2 cos ✓2 = ✓̈1`1 sin ✓1 + ✓̇21`1 cos ✓1 + ✓̈2`2 sin ✓2 + ✓̇22`2 cos ✓2

<latexit sha1_base64="eYAgKqSiYd8jVtwyJdBmRglvFEY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2m3bpZhN2J0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xCzhfkSHSoSCUbTSQ9av9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/QnVKJjk01IvNTyhbEyHvGupohE3/mR+6pScWWVAwljbUkjm6u+JCY2MyaLAdkYUR2bZm4n/ed0Uw2t/IlSSIldssShMJcGYzP4mA6E5Q5lZQpkW9lbCRlRThjadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEQso2o</latexit>y2
<latexit sha1_base64="gGiPFGcKp6/1/QH9DHgsTY188rE=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ie0Q8mkmTY0mRmSO0IZ+hVuXCji1s9x59+YtrPQ1gOBwzn3kHtPkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUkS8iQIl7ySaUxVI3g7GtzO//cS1EXH0gJOE+4oOIxEKRtFKj71BjNlk2q/1yxW36s5BVomXkwrkaPTLXzbLUsUjZJIa0/XcBP2MahRM8mmplxqeUDamQ961NKKKGz+bLzwlZ1YZkDDW9kVI5urvREaVMRMV2ElFcWSWvZn4n9dNMbz2MxElKfKILT4KU0kwJrPryUBozlBOLKFMC7srYSOqKUPbUcmW4C2fvEpatap3WfXuLyr1m7yOIpzAKZyDB1dQhztoQBMYKHiGV3hztPPivDsfi9GCk2eO4Q+czx/vQZB/</latexit>

ẏ2
<latexit sha1_base64="iBRSr7ZMpp7ofNgrR23/ViT4uIA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae2oWw2m3bpZjfsboQQ+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbmd+94kqzaR4MFlC/RiPBIsYwcZKj4MwlCbPpsPGsFpz6+4caJV4BalBgdaw+jUIJUljKgzhWOu+5ybGz7EyjHA6rQxSTRNMJnhE+5YKHFPt5/OLp+jMKiGKpLIlDJqrvydyHGudxYHtjLEZ62VvJv7n9VMTXfs5E0lqqCCLRVHKkZFo9j4KmaLE8MwSTBSztyIyxgoTY0Oq2BC85ZdXSadR9y7r3v1FrXlTxFGGEziFc/DgCppwBy1oAwEBz/AKb452Xpx352PRWnKKmWP4A+fzB69QkO0=</latexit>

ÿ2

Dynamics:

Pendulum 1:

<latexit sha1_base64="CXyspah+qlUUfPhmhiNSUkgAc9A=">AAACDHicbVDLSsNAFJ34rPVVdelmsAh1UxIRdSMU3bisYB/QhDKZTNuhM5mQuZGWkA9w46+4caGIWz/AnX/jtM1CWw8MHM499869x48E12Db39bS8srq2npho7i5tb2zW9rbb2qVxJQ1qBIqbvtEM8FD1gAOgrWjmBHpC9byhzeTeuuBxZqr8B7GEfMk6Ye8xykBI3VLZVcnErvARpBWesoM1SdZd4SvsFGDQEE6yozLrtpT4EXi5KSMctS7pS83UDSRLAQqiNYdx47AS0kMnAqWFd1Es4jQIemzjqEhkUx76fSYDB8bJcBmFfNCwFP1d0dKpNZj6RunJDDQ87WJ+F+tk0Dv0kt5GCXAQjr7qJcIDApPksEBjxkFMTaE0JibXTEdkJhQMPkVTQjO/MmLpHladc6rzt1ZuXadx1FAh+gIVZCDLlAN3aI6aiCKHtEzekVv1pP1Yr1bHzPrkpX3HKA/sD5/AEsPmyQ=</latexit>X
(forces)x = mẍ

<latexit sha1_base64="mjn7nTRDDhm42JZLxZ9V48LiSNk=">AAACDHicbVDLSsNAFJ3UV62vqks3g0Wom5KIqBuh6MZlBfuAJpTJZNIOnUxC5kYMIR/gxl9x40IRt36AO//GaZuFth4YOJx77p17jxsJrsA0v43S0vLK6lp5vbKxubW9U93d66gwiSlr01CEcc8ligkuWRs4CNaLYkYCV7CuO76e1Lv3LFY8lHeQRswJyFByn1MCWhpUa7ZKAmwDe4Cs7od6qDrOBym+xFr1vBCyNNcus2FOgReJVZAaKtAaVL9sL6RJwCRQQZTqW2YETkZi4FSwvGInikWEjsmQ9TWVJGDKyabH5PhIKx7Wq+gnAU/V3x0ZCZRKA1c7AwIjNV+biP/V+gn4F07GZZQAk3T2kZ8IDCGeJIM9HjMKItWE0JjrXTEdkZhQ0PlVdAjW/MmLpHPSsM4a1u1prXlVxFFGB+gQ1ZGFzlET3aAWaiOKHtEzekVvxpPxYrwbHzNrySh69tEfGJ8/TiWbJg==</latexit>X
(forces)y = mÿ

<latexit sha1_base64="zrA/+AvbFpMRjyQFA4ThWGGqOIs=">AAACEHicbVDLSgNBEJz1GeMr6tHLYBC9GHYXUS9CUBCPEcwDkrDMzk6SITM7y0yvEJZ8ghd/xYsHRbx69ObfOHkcNLGgoajqprsrTAQ34LrfzsLi0vLKam4tv76xubVd2NmtGZVqyqpUCaUbITFM8JhVgYNgjUQzIkPB6mH/euTXH5g2XMX3MEhYW5JuzDucErBSUDi6CXzcosrgFvQYkMA/kYHfxZdYjowoUpANhoEfFIpuyR0DzxNvSopoikpQ+GpFiqaSxUAFMabpuQm0M6KBU8GG+VZqWEJon3RZ09KYSGba2fihIT60SoQ7StuKAY/V3xMZkcYMZGg7JYGemfVG4n9eM4XORTvjcZICi+lkUScVGBQepYMjrhkFMbCEUM3trZj2iCYUbIZ5G4I3+/I8qfkl76zk3Z0Wy1fTOHJoHx2gY+Shc1RGt6iCqoiiR/SMXtGb8+S8OO/Ox6R1wZnO7KE/cD5/ALmtmyg=</latexit>

F2 cos ✓2 �m2g = m2ÿ2
<latexit sha1_base64="Haqd5X7tbdGa7OCN1du1HT6Ubuc=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ3lpki6kYoCuKygn1AW0omk7ahSWZI7ohl6Ae48VfcuFDErR/gzr8x085CWw8ETs45l+QePxLcgOt+OwuLS8srq7m1/PrG5tZ2YWe3bsJYU1ajoQh10yeGCa5YDTgI1ow0I9IXrOEPr1K/cc+04aG6g1HEOpL0Fe9xSsBK3ULx+Lpbxm3DFW7DgAGxtwssUy0IQkgext2yTbkldwI8T7yMFFGGarfw1Q5CGkumgApiTMtzI+gkRAOngo3z7diwiNAh6bOWpYpIZjrJZJkxPrRKgHuhtkcBnqi/JxIijRlJ3yYlgYGZ9VLxP68VQ++8k3AVxcAUnT7UiwWGEKfN4IBrRkGMLCFUc/tXTAdEEwq2v7wtwZtdeZ7UyyXvtOTdnhQrl1kdObSPDtAR8tAZqqAbVEU1RNEjekav6M15cl6cd+djGl1wspk99AfO5w/Zo5mf</latexit>

�F2 sin ✓2 = m2ẍ2

<latexit sha1_base64="BsmJER8hK0woJRQKOscjhe8JS9U=">AAACIHicbVDLSgMxFM34rPU16tJNsAiCWGaKWDdCUSguK9gHtGXIZNI2NJMZkjtiGfopbvwVNy4U0Z1+jeljYVsPBE7OOZfkHj8WXIPjfFtLyyura+uZjezm1vbOrr23X9NRoiir0khEquETzQSXrAocBGvEipHQF6zu929Gfv2BKc0jeQ+DmLVD0pW8wykBI3l28azsubilucQt6DEg5naKy15hRivgKxyOckEQQfo49FzPzjl5Zwy8SNwpyaEpKp791QoimoRMAhVE66brxNBOiQJOBRtmW4lmMaF90mVNQyUJmW6n4wWH+NgoAe5EyhwJeKz+nUhJqPUg9E0yJNDT895I/M9rJtC5bKdcxgkwSScPdRKBIcKjtnDAFaMgBoYQqrj5K6Y9oggF02nWlODOr7xIaoW8e5F3785zpetpHRl0iI7QCXJREZXQLaqgKqLoCb2gN/RuPVuv1of1OYkuWdOZAzQD6+cXKvagjg==</latexit>

�F1 sin ✓1 + F2 sin ✓2 = m1ẍ1

<latexit sha1_base64="IU3rOlXg+DPTbGWdLmcolf/mCRg=">AAACH3icbVDNSgMxGMzWv1r/qh69BIvgxbJbpHoRikLxWMHaQluWbDZtQ7ObJflWWJa+iRdfxYsHRcRb38a03YNtHQhMZuYj+caLBNdg2xMrt7a+sbmV3y7s7O7tHxQPj560jBVlTSqFVG2PaCZ4yJrAQbB2pBgJPMFa3uhu6reemdJcho+QRKwXkEHI+5wSMJJbrNZdB3ep1LgLQwbE3C5w3a0saBV8g4NpzvclpMnYddxiyS7bM+BV4mSkhDI03OJP15c0DlgIVBCtO44dQS8lCjgVbFzoxppFhI7IgHUMDUnAdC+d7TfGZ0bxcV8qc0LAM/XvREoCrZPAM8mAwFAve1PxP68TQ/+6l/IwioGFdP5QPxYYJJ6WhX2uGAWRGEKo4uavmA6JIhRMpQVTgrO88ip5qpSdatl5uCzVbrM68ugEnaJz5KArVEP3qIGaiKIX9IY+0Kf1ar1bX9b3PJqzspljtABr8gur2aBQ</latexit>

F1 cos ✓1 � F2 cos ✓2 = m1ÿ1

Pendulum 2:

Solving to get rid of internal reaction forces…     ,
<latexit sha1_base64="Pq8Y5lpI1WrAkKy2RY8QNCh0YLU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPBbY10</latexit>

F1
<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1

<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3
<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3
<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="AOWt9qw4kHIHiYbjYV0VhOBE9sc=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FSSIuqx6MVjBfsBTQib7aZdutmE3YlQQi7+FS8eFPHqz/Dmv3Hb5qCtDwYe780wMy9MBdfgON/Wyura+sZmZau6vbO7t28fHHZ0kinK2jQRieqFRDPBJWsDB8F6qWIkDgXrhuPbqd99ZErzRD7AJGV+TIaSR5wSMFJgH3sQKUJzt8g9zaUHIwYkaBSBXXPqzgx4mbglqaESrcD+8gYJzWImgQqidd91UvBzooBTwYqql2mWEjomQ9Y3VJKYaT+fPVDgM6MMcJQoUxLwTP09kZNY60kcms6YwEgvelPxP6+fQXTt51ymGTBJ54uiTGBI8DQNPOCKURATQwhV3NyK6YiYQMBkVjUhuIsvL5NOo+5e1t37i1rzpoyjgk7QKTpHLrpCTXSHWqiNKCrQM3pFb9aT9WK9Wx/z1hWrnDlCf2B9/gA1vpbN</latexit>

1
sin ✓2

<latexit sha1_base64="wU8r21xOF0B3zJXxBGKclep2NJM=">AAACAHicbVBNS8NAEN34WetX1IMHL8EieCpJEfVY9OKxgv2AJoTNdtMu3eyG3YlQQi7+FS8eFPHqz/Dmv3Hb5qCtDwYe780wMy9KOdPgut/Wyura+sZmZau6vbO7t28fHHa0zBShbSK5VL0Ia8qZoG1gwGkvVRQnEafdaHw79buPVGkmxQNMUhokeChYzAgGI4X2sQ+xwiT3itwnUvswooDDRhHaNbfuzuAsE68kNVSiFdpf/kCSLKECCMda9z03hSDHChjhtKj6maYpJmM8pH1DBU6oDvLZA4VzZpSBE0tlSoAzU39P5DjRepJEpjPBMNKL3lT8z+tnEF8HORNpBlSQ+aI44w5IZ5qGM2CKEuATQzBRzNzqkBE2gYDJrGpC8BZfXiadRt27rHv3F7XmTRlHBZ2gU3SOPHSFmugOtVAbEVSgZ/SK3qwn68V6tz7mrStWOXOE/sD6/AEt45bI</latexit>

1
cos ✓2

<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+
<latexit sha1_base64="fXOnkKBNjvL7DpCxrCGZ/9IIOHc="></latexit>

0 = 1
sin ✓2

m2ẍ2 +
1

cos ✓2

�
m2g +m2ÿ2

�

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1
<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2

<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3
<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+
<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+
<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2
<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="cAiEbyHJW9/jDr/gvmghrIdfWdY=">AAACHXicbZDLSgMxFIYz9VbrrerSTbAIglhmSlE3QlEQlxXsBTqlZDJpG5rJDMkZsQx9ETe+ihsXirhwI76NaTugtv4Q+POdc0jO70WCa7DtLyuzsLi0vJJdza2tb2xu5bd36jqMFWU1GopQNT2imeCS1YCDYM1IMRJ4gjW8weW43rhjSvNQ3sIwYu2A9CTvckrAoE6+fHzVcbCrucQu9BkQczvHwZj5fgjJ/cjYIwNKP6DUyRfsoj0RnjdOagooVbWT/3D9kMYBk0AF0brl2BG0E6KAU8FGOTfWLCJ0QHqsZawkAdPtZLLdCB8Y4uNuqMyRgCf090RCAq2HgWc6AwJ9PVsbw/9qrRi6Z+2EyygGJun0oW4sMIR4HBX2uWIUxNAYQhU3f8W0TxShYALNmRCc2ZXnTb1UdE6Kzk25ULlI48iiPbSPDpGDTlEFXaMqqiGKHtATekGv1qP1bL1Z79PWjJXO7KI/sj6/Aakun9Y=</latexit>

�F1 sin ✓1 = m1ẍ1 +m2ẍ2

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="wDyo0fq2U5Blks87eq6Vop04a6E=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tF8FQSEfVY9OKxgq2FJoTNdtMu3WzC7kQoIV78K148KOLVf+HNf+O2zUFbHww83pthZl6YCq7Bcb6tytLyyupadb22sbm1vWPv7nV0kinK2jQRieqGRDPBJWsDB8G6qWIkDgW7D0fXE//+gSnNE3kH45T5MRlIHnFKwEiBfeBBpAjN3SL3NJfYgyEDErhFYNedhjMFXiRuSeqoRCuwv7x+QrOYSaCCaN1znRT8nCjgVLCi5mWapYSOyID1DJUkZtrPpx8U+NgofRwlypQEPFV/T+Qk1noch6YzJjDU895E/M/rZRBd+jmXaQZM0tmiKBMYEjyJA/e5YhTE2BBCFTe3YjokJhEwodVMCO78y4ukc9pwzxvu7Vm9eVXGUUWH6AidIBddoCa6QS3URhQ9omf0it6sJ+vFerc+Zq0Vq5zZR39gff4AkL6W9g==</latexit>

1
sin ✓1

<latexit sha1_base64="cgjD0fin4etFgoLpZui/dnji4HY=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tF8FSyIuqx6MVjBVsLTQib7aZduvlgdyKUEC/+FS8eFPHqv/Dmv3Hb5qCtDwYe780wMy9IpdDgON9WZWl5ZXWtul7b2Nza3rF39zo6yRTjbZbIRHUDqrkUMW+DAMm7qeI0CiS/D0bXE//+gSstkvgOxin3IjqIRSgYBSP59oELoaIsJ0XuskRjF4YcqE8K3647DWcKvEhISeqoRMu3v9x+wrKIx8Ak1bpHnBS8nCoQTPKi5maap5SN6ID3DI1pxLWXTz8o8LFR+jhMlKkY8FT9PZHTSOtxFJjOiMJQz3sT8T+vl0F46eUiTjPgMZstCjOJIcGTOHBfKM5Ajg2hTAlzK2ZDahIBE1rNhEDmX14kndMGOW+Q27N686qMo4oO0RE6QQRdoCa6QS3URgw9omf0it6sJ+vFerc+Zq0Vq5zZR39gff4AiN6W8Q==</latexit>

1
cos ✓1

<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+
<latexit sha1_base64="dG3OeRI844ZVhVOE0MUFaVnZK+E=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LiteteI1rsq12zyOApzCGVyAB9dQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhCmMwA==</latexit>

6

<latexit sha1_base64="Xh4Xc41jus8oyAFvcAsLe257fk4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDv1W09MG67kgx0nLIjJQPKIU2Kd1Byga4T9XrniV/0Z0DLBOalAjnqv/NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ+jEKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gkgsBL768TJpnVXxRxffnldpNHkcRjuAYTgHDJdTgDurQAAqP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwDbNo4B</latexit>

g = 10

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="l5q9WZht3sUz+jWYFI33L+hwNxs=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD7Jf65crXtWbA68SPycVyNHol796g5imkilLBTGm63uJDTKiLaeCTUu91LCE0DEZsq6jikhmgmx+6hSfOWWAo1i7UhbP1d8TGZHGTGToOiWxI7PszcT/vG5qo+sg4ypJLVN0sShKBbYxnv2NB1wzasXEEUI1d7diOiKaUOvSKbkQ/OWXV0mrVvUvq/79RaV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwD+W42c</latexit>m2

<latexit sha1_base64="XJnqmgh0ZkRIDqhReO6BqJpaHgI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRQSG6QbdU9iv+DGSZBDkpQ45at/TV6SmWJSgtE9SYduCnNhxTbTkTOCl2MoMpZUPax7ajkiZowvHs2gk5dUqPxEq7kpbM1N8TY5oYM0oi15lQOzCL3lT8z2tnNr4Ox1ymmUXJ5oviTBCryPR10uMamRUjRyjT3N1K2IBqyqwLqOhCCBZfXiaN80pwWQnuL8rVmzyOAhzDCZxBAFdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDNxSO5Q==</latexit>

`1

<latexit sha1_base64="84YYcP6z7eX/ASnqT1z/sHNFRsU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2k3btZhN2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6qEQ/Vq/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfu2UnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2OhlwhcyIiSWUKW5vJWxEFWXGBlSyIXjLL6+SVq3qXVa9+4tK/SaPowgncArn4MEV1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+ADiYjuY=</latexit>

`2
<latexit sha1_base64="jPKnWjh79y6GY27yQg2IGxpzCig=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGm/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjCQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QPQ44/T</latexit>

✓2

<latexit sha1_base64="HyLAePdg1n0g4TanfCNBWWXds+s=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrOt3yxWv6s3gLhM/JxXIUe+Wvzq9hGcxKuKSGdP2vZSCMdMkuMRJqZMZTBkfsj62LVUsRhOMZ/dO3BOr9Nwo0bYUuTP198SYxcaM4tB2xowGZtGbiv957Yyiq2AsVJoRKj5fFGXSpcSdPu/2hEZOcmQJ41rYW10+YJpxshGVbAj+4svLpHlW9S+q/t15pXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP89fj9I=</latexit>

✓1
<latexit sha1_base64="Xh4Xc41jus8oyAFvcAsLe257fk4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDv1W09MG67kgx0nLIjJQPKIU2Kd1Byga4T9XrniV/0Z0DLBOalAjnqv/NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ+jEKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gkgsBL768TJpnVXxRxffnldpNHkcRjuAYTgHDJdTgDurQAAqP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwDbNo4B</latexit>

g = 10

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="XJnqmgh0ZkRIDqhReO6BqJpaHgI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRQSG6QbdU9iv+DGSZBDkpQ45at/TV6SmWJSgtE9SYduCnNhxTbTkTOCl2MoMpZUPax7ajkiZowvHs2gk5dUqPxEq7kpbM1N8TY5oYM0oi15lQOzCL3lT8z2tnNr4Ox1ymmUXJ5oviTBCryPR10uMamRUjRyjT3N1K2IBqyqwLqOhCCBZfXiaN80pwWQnuL8rVmzyOAhzDCZxBAFdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDNxSO5Q==</latexit>

`1
<latexit sha1_base64="HyLAePdg1n0g4TanfCNBWWXds+s=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrOt3yxWv6s3gLhM/JxXIUe+Wvzq9hGcxKuKSGdP2vZSCMdMkuMRJqZMZTBkfsj62LVUsRhOMZ/dO3BOr9Nwo0bYUuTP198SYxcaM4tB2xowGZtGbiv957Yyiq2AsVJoRKj5fFGXSpcSdPu/2hEZOcmQJ41rYW10+YJpxshGVbAj+4svLpHlW9S+q/t15pXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP89fj9I=</latexit>

✓1
<latexit sha1_base64="l5q9WZht3sUz+jWYFI33L+hwNxs=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD7Jf65crXtWbA68SPycVyNHol796g5imkilLBTGm63uJDTKiLaeCTUu91LCE0DEZsq6jikhmgmx+6hSfOWWAo1i7UhbP1d8TGZHGTGToOiWxI7PszcT/vG5qo+sg4ypJLVN0sShKBbYxnv2NB1wzasXEEUI1d7diOiKaUOvSKbkQ/OWXV0mrVvUvq/79RaV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwD+W42c</latexit>m2

<latexit sha1_base64="84YYcP6z7eX/ASnqT1z/sHNFRsU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2k3btZhN2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6qEQ/Vq/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfu2UnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2OhlwhcyIiSWUKW5vJWxEFWXGBlSyIXjLL6+SVq3qXVa9+4tK/SaPowgncArn4MEV1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+ADiYjuY=</latexit>

`2
<latexit sha1_base64="jPKnWjh79y6GY27yQg2IGxpzCig=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGm/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjCQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QPQ44/T</latexit>

✓2

<latexit sha1_base64="jPKnWjh79y6GY27yQg2IGxpzCig=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGm/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjCQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QPQ44/T</latexit>

✓2

<latexit sha1_base64="Pq8Y5lpI1WrAkKy2RY8QNCh0YLU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPBbY10</latexit>

F1

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="zCz39/UIPWSCc2GsZX4DvhemZTw=">AAAB7HicbVBNSwMxEJ34WetX1aOXYBE8ld0i6rHoxWMFty20S8mm2TY0yS5JVihLf4MXD4p49Qd589+YtnvQ1gcDj/dmmJkXpYIb63nfaG19Y3Nru7RT3t3bPzisHB23TJJpygKaiER3ImKY4IoFllvBOqlmREaCtaPx3cxvPzFteKIe7SRloSRDxWNOiXVSIPt1POxXql7NmwOvEr8gVSjQ7Fe+eoOEZpIpSwUxput7qQ1zoi2ngk3LvcywlNAxGbKuo4pIZsJ8fuwUnztlgONEu1IWz9XfEzmRxkxk5DolsSOz7M3E/7xuZuObMOcqzSxTdLEozgS2CZ59jgdcM2rFxBFCNXe3YjoimlDr8im7EPzll1dJq17zr2r+w2W1cVvEUYJTOIML8OEaGnAPTQiAAodneIU3pNALekcfi9Y1VMycwB+gzx8XA443</latexit>m2g<latexit sha1_base64="FtLDB/g5KAYxuXJvSv+yL1+Zzd0=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V3LbQLiWbZtvQJLskWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUMkmmKQtoIhLdiYhhgisWWG4F66SaERkJ1o7GdzO//cS04Yl6tJOUhZIMFY85JdZJgexjNOxXa37dnwOtElyQGhRo9qtfvUFCM8mUpYIY08V+asOcaMupYNNKLzMsJXRMhqzrqCKSmTCfHztFZ04ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fgmzLlKM8sUXSyKM4FsgmafowHXjFoxcYRQzd2tiI6IJtS6fCouBLz88ippXdTxVR0/XNYat0UcZTiBUzgHDNfQgHtoQgAUODzDK7x5ynvx3r2PRWvJK2aO4Q+8zx8VfY42</latexit>m1g

<latexit sha1_base64="I7WLphtYaFSfmfi8WpFuaYy9pfo=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4MaSEVE3QtGNywr2AW0Ik8mkHTqThJmJUEI2/oobF4q49TPc+TdO2iy09cDlHs65l5l7/IQzpR3n26osLa+srlXXaxubW9s79u5eR8WpJLRNYh7Lno8V5Syibc00p71EUix8Trv++Lbwu49UKhZHD3qSUFfgYcRCRrA2kmcfnAoPwSG8hkUfBEGss0nuIc+uOw1nCrhIUEnqoETLs78GQUxSQSNNOFaqj5xEuxmWmhFO89ogVTTBZIyHtG9ohAVVbjY9IIfHRglgGEtTkYZT9fdGhoVSE+GbSYH1SM17hfif1091eOVmLEpSTSMyeyhMOdQxLNKAAZOUaD4xBBPJzF8hGWGJiTaZ1UwIaP7kRdI5a6CLBro/rzdvyjiq4BAcgROAwCVogjvQAm1AQA6ewSt4s56sF+vd+piNVqxyZx/8gfX5AztXlOo=</latexit>�m1g = m1ÿ1

<latexit sha1_base64="K0Ti1YAeVAc++n/HVXK58WHrQok=">AAACJXicbZDLSgMxFIYzXmu9VV26CRZBEMtMEXWhUBTEZQV7gbYMmUzahmYmQ3JGGIa+jBtfxY0LiwiufBXTdhBtPRD48v/nkJzfiwTXYNuf1sLi0vLKam4tv76xubVd2NmtaxkrympUCqmaHtFM8JDVgINgzUgxEniCNbzBzdhvPDKluQwfIIlYJyC9kHc5JWAkt3B56zq4TaXGbegzIOZ2ggO3jHEPXxkwpu9LSJOhweOJ8yOU3ULRLtmTwvPgZFBEWVXdwqjtSxoHLAQqiNYtx46gkxIFnAo2zLdjzSJCB6THWgZDEjDdSSdbDvGhUXzclcqcEPBE/T2RkkDrJPBMZ0Cgr2e9sfif14qhe9FJeRjFwEI6fagbCwwSjyPDPleMgkgMEKq4+SumfaIIBRNs3oTgzK48D/VyyTkrOfenxcp1FkcO7aMDdIQcdI4q6A5VUQ1R9IRe0BsaWc/Wq/VufUxbF6xsZg/9KevrGycjogg=</latexit>

F1 cos ✓1 �m2g = m1ÿ1 +m2ÿ2
<latexit sha1_base64="a1QwFtvN/qem82FDg4JH+TifBL4=">AAACDXicbVDLSgMxFM34rPU16tJNsApuLDNF1I1QFMRlBfuAzjBk0kwbmnmQ3BHK0B9w46+4caGIW/fu/BvT6Sy09UC4J+fcS3KPnwiuwLK+jYXFpeWV1dJaeX1jc2vb3NltqTiVlDVpLGLZ8YligkesCRwE6ySSkdAXrO0Pryd++4FJxePoHkYJc0PSj3jAKQEteebhjWdjh8YKOzBgQPTtBIdeDffzaut6iT2zYlWtHHie2AWpoAINz/xyejFNQxYBFUSprm0l4GZEAqeCjctOqlhC6JD0WVfTiIRMuVm+zRgfaaWHg1jqEwHO1d8TGQmVGoW+7gwJDNSsNxH/87opBBduxqMkBRbR6UNBKjDEeBIN7nHJKIiRJoRKrv+K6YBIQkEHWNYh2LMrz5NWrWqfVe2700r9qoijhPbRATpGNjpHdXSLGqiJKHpEz+gVvRlPxovxbnxMWxeMYmYP/YHx+QPLPZgy</latexit>

F1 cos ✓1 �m2g �m1g =

<latexit sha1_base64="ycvRB+Ml2sBH90O4E/bVvePkiuY="></latexit>

0 = 1
sin ✓1

(m1ẍ1 +m2ẍ2) +
1

cos ✓1
(m1g +m2g +m1ÿ1 +m2ÿ2)

<latexit sha1_base64="ycvRB+Ml2sBH90O4E/bVvePkiuY="></latexit>

0 = 1
sin ✓1

(m1ẍ1 +m2ẍ2) +
1

cos ✓1
(m1g +m2g +m1ÿ1 +m2ÿ2)

<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8<latexit sha1_base64="Vyn7FbI+LM6iQgXVVCtzm4iOBbk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJVrt3kcBTiFM7gAD6pQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBha2MwQ==</latexit>

7



Example: Double Pendulum

Writing in terms of pendulum angles… and simplifying…

<latexit sha1_base64="iYMmqSAVyGiCdkYIPplEyA+LfWc=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3ulsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDgqWMvw==</latexit>

5

<latexit sha1_base64="ycvRB+Ml2sBH90O4E/bVvePkiuY="></latexit>

0 = 1
sin ✓1

(m1ẍ1 +m2ẍ2) +
1

cos ✓1
(m1g +m2g +m1ÿ1 +m2ÿ2)

<latexit sha1_base64="ycvRB+Ml2sBH90O4E/bVvePkiuY="></latexit>

0 = 1
sin ✓1

(m1ẍ1 +m2ẍ2) +
1

cos ✓1
(m1g +m2g +m1ÿ1 +m2ÿ2)

<latexit sha1_base64="74+Q5OA3D+LUZyyEPjdMoG1ly0w=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomI9lj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqVPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmrDqZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTdGG4C2/vEpalxXvuuI1rsq12zyOApzCGVyABzdQg3uoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBhzGMwg==</latexit>

8

<latexit sha1_base64="J1hKf1WtvG2/b8stnBAaERfPwjQ="></latexit>

0 = m2✓̈1`1 cos(✓2 � ✓1) +m2✓̇
2
1`1 sin(✓2 � ✓1) +m2✓̈2`2

<latexit sha1_base64="dCnpQu2/PDAFBCkyrV7ztqtH2pw="></latexit>

0 = (m1 +m2)✓̈1`1 +m2✓̈2`2 cos(✓2 � ✓1)�m2✓̇
2
2`2 sin(✓2 � ✓1) + sin ✓1(m1 +m2)g

<latexit sha1_base64="fXOnkKBNjvL7DpCxrCGZ/9IIOHc="></latexit>

0 = 1
sin ✓2

m2ẍ2 +
1

cos ✓2

�
m2g +m2ÿ2

�

<latexit sha1_base64="lW0IFH/1sWfVE590Ic/6I4bMbpg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7egF48JmAckS5id9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/aZXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVa8+kW5epvHUYBjOIEz8OAKqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/iLWMww==</latexit>

9

<latexit sha1_base64="OjlglPDn78yFljJdUJxBc91tkUM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB8/tlytu1Z2DrBIvJxXI0eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nr90Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhtZ8JlaTIFVssClNJMCazt8lAaM5QTiyhTAt7K2EjqilDG07JhuAtv7xKWhdVr1b17i8r9Zs8jiKcwCmcgwdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+wPn8AepqjPU=</latexit>

10

Free Body Diagrams

<latexit sha1_base64="CXyspah+qlUUfPhmhiNSUkgAc9A=">AAACDHicbVDLSsNAFJ34rPVVdelmsAh1UxIRdSMU3bisYB/QhDKZTNuhM5mQuZGWkA9w46+4caGIWz/AnX/jtM1CWw8MHM499869x48E12Db39bS8srq2npho7i5tb2zW9rbb2qVxJQ1qBIqbvtEM8FD1gAOgrWjmBHpC9byhzeTeuuBxZqr8B7GEfMk6Ye8xykBI3VLZVcnErvARpBWesoM1SdZd4SvsFGDQEE6yozLrtpT4EXi5KSMctS7pS83UDSRLAQqiNYdx47AS0kMnAqWFd1Es4jQIemzjqEhkUx76fSYDB8bJcBmFfNCwFP1d0dKpNZj6RunJDDQ87WJ+F+tk0Dv0kt5GCXAQjr7qJcIDApPksEBjxkFMTaE0JibXTEdkJhQMPkVTQjO/MmLpHladc6rzt1ZuXadx1FAh+gIVZCDLlAN3aI6aiCKHtEzekVv1pP1Yr1bHzPrkpX3HKA/sD5/AEsPmyQ=</latexit>X
(forces)x = mẍ

<latexit sha1_base64="mjn7nTRDDhm42JZLxZ9V48LiSNk=">AAACDHicbVDLSsNAFJ3UV62vqks3g0Wom5KIqBuh6MZlBfuAJpTJZNIOnUxC5kYMIR/gxl9x40IRt36AO//GaZuFth4YOJx77p17jxsJrsA0v43S0vLK6lp5vbKxubW9U93d66gwiSlr01CEcc8ligkuWRs4CNaLYkYCV7CuO76e1Lv3LFY8lHeQRswJyFByn1MCWhpUa7ZKAmwDe4Cs7od6qDrOBym+xFr1vBCyNNcus2FOgReJVZAaKtAaVL9sL6RJwCRQQZTqW2YETkZi4FSwvGInikWEjsmQ9TWVJGDKyabH5PhIKx7Wq+gnAU/V3x0ZCZRKA1c7AwIjNV+biP/V+gn4F07GZZQAk3T2kZ8IDCGeJIM9HjMKItWE0JjrXTEdkZhQ0PlVdAjW/MmLpHPSsM4a1u1prXlVxFFGB+gQ1ZGFzlET3aAWaiOKHtEzekVvxpPxYrwbHzNrySh69tEfGJ8/TiWbJg==</latexit>X
(forces)y = mÿ

<latexit sha1_base64="zrA/+AvbFpMRjyQFA4ThWGGqOIs=">AAACEHicbVDLSgNBEJz1GeMr6tHLYBC9GHYXUS9CUBCPEcwDkrDMzk6SITM7y0yvEJZ8ghd/xYsHRbx69ObfOHkcNLGgoajqprsrTAQ34LrfzsLi0vLKam4tv76xubVd2NmtGZVqyqpUCaUbITFM8JhVgYNgjUQzIkPB6mH/euTXH5g2XMX3MEhYW5JuzDucErBSUDi6CXzcosrgFvQYkMA/kYHfxZdYjowoUpANhoEfFIpuyR0DzxNvSopoikpQ+GpFiqaSxUAFMabpuQm0M6KBU8GG+VZqWEJon3RZ09KYSGba2fihIT60SoQ7StuKAY/V3xMZkcYMZGg7JYGemfVG4n9eM4XORTvjcZICi+lkUScVGBQepYMjrhkFMbCEUM3trZj2iCYUbIZ5G4I3+/I8qfkl76zk3Z0Wy1fTOHJoHx2gY+Shc1RGt6iCqoiiR/SMXtGb8+S8OO/Ox6R1wZnO7KE/cD5/ALmtmyg=</latexit>

F2 cos ✓2 �m2g = m2ÿ2
<latexit sha1_base64="Haqd5X7tbdGa7OCN1du1HT6Ubuc=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ3lpki6kYoCuKygn1AW0omk7ahSWZI7ohl6Ae48VfcuFDErR/gzr8x085CWw8ETs45l+QePxLcgOt+OwuLS8srq7m1/PrG5tZ2YWe3bsJYU1ajoQh10yeGCa5YDTgI1ow0I9IXrOEPr1K/cc+04aG6g1HEOpL0Fe9xSsBK3ULx+Lpbxm3DFW7DgAGxtwssUy0IQkgext2yTbkldwI8T7yMFFGGarfw1Q5CGkumgApiTMtzI+gkRAOngo3z7diwiNAh6bOWpYpIZjrJZJkxPrRKgHuhtkcBnqi/JxIijRlJ3yYlgYGZ9VLxP68VQ++8k3AVxcAUnT7UiwWGEKfN4IBrRkGMLCFUc/tXTAdEEwq2v7wtwZtdeZ7UyyXvtOTdnhQrl1kdObSPDtAR8tAZqqAbVEU1RNEjekav6M15cl6cd+djGl1wspk99AfO5w/Zo5mf</latexit>

�F2 sin ✓2 = m2ẍ2

<latexit sha1_base64="BsmJER8hK0woJRQKOscjhe8JS9U=">AAACIHicbVDLSgMxFM34rPU16tJNsAiCWGaKWDdCUSguK9gHtGXIZNI2NJMZkjtiGfopbvwVNy4U0Z1+jeljYVsPBE7OOZfkHj8WXIPjfFtLyyura+uZjezm1vbOrr23X9NRoiir0khEquETzQSXrAocBGvEipHQF6zu929Gfv2BKc0jeQ+DmLVD0pW8wykBI3l28azsubilucQt6DEg5naKy15hRivgKxyOckEQQfo49FzPzjl5Zwy8SNwpyaEpKp791QoimoRMAhVE66brxNBOiQJOBRtmW4lmMaF90mVNQyUJmW6n4wWH+NgoAe5EyhwJeKz+nUhJqPUg9E0yJNDT895I/M9rJtC5bKdcxgkwSScPdRKBIcKjtnDAFaMgBoYQqrj5K6Y9oggF02nWlODOr7xIaoW8e5F3785zpetpHRl0iI7QCXJREZXQLaqgKqLoCb2gN/RuPVuv1of1OYkuWdOZAzQD6+cXKvagjg==</latexit>

�F1 sin ✓1 + F2 sin ✓2 = m1ẍ1

<latexit sha1_base64="IU3rOlXg+DPTbGWdLmcolf/mCRg=">AAACH3icbVDNSgMxGMzWv1r/qh69BIvgxbJbpHoRikLxWMHaQluWbDZtQ7ObJflWWJa+iRdfxYsHRcRb38a03YNtHQhMZuYj+caLBNdg2xMrt7a+sbmV3y7s7O7tHxQPj560jBVlTSqFVG2PaCZ4yJrAQbB2pBgJPMFa3uhu6reemdJcho+QRKwXkEHI+5wSMJJbrNZdB3ep1LgLQwbE3C5w3a0saBV8g4NpzvclpMnYddxiyS7bM+BV4mSkhDI03OJP15c0DlgIVBCtO44dQS8lCjgVbFzoxppFhI7IgHUMDUnAdC+d7TfGZ0bxcV8qc0LAM/XvREoCrZPAM8mAwFAve1PxP68TQ/+6l/IwioGFdP5QPxYYJJ6WhX2uGAWRGEKo4uavmA6JIhRMpQVTgrO88ip5qpSdatl5uCzVbrM68ugEnaJz5KArVEP3qIGaiKIX9IY+0Kf1ar1bX9b3PJqzspljtABr8gur2aBQ</latexit>

F1 cos ✓1 � F2 cos ✓2 = m1ÿ1

<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3
<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1
<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2

<latexit sha1_base64="Xh4Xc41jus8oyAFvcAsLe257fk4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDv1W09MG67kgx0nLIjJQPKIU2Kd1Byga4T9XrniV/0Z0DLBOalAjnqv/NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ+jEKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gkgsBL768TJpnVXxRxffnldpNHkcRjuAYTgHDJdTgDurQAAqP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwDbNo4B</latexit>

g = 10

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="l5q9WZht3sUz+jWYFI33L+hwNxs=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD7Jf65crXtWbA68SPycVyNHol796g5imkilLBTGm63uJDTKiLaeCTUu91LCE0DEZsq6jikhmgmx+6hSfOWWAo1i7UhbP1d8TGZHGTGToOiWxI7PszcT/vG5qo+sg4ypJLVN0sShKBbYxnv2NB1wzasXEEUI1d7diOiKaUOvSKbkQ/OWXV0mrVvUvq/79RaV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwD+W42c</latexit>m2

<latexit sha1_base64="XJnqmgh0ZkRIDqhReO6BqJpaHgI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRQSG6QbdU9iv+DGSZBDkpQ45at/TV6SmWJSgtE9SYduCnNhxTbTkTOCl2MoMpZUPax7ajkiZowvHs2gk5dUqPxEq7kpbM1N8TY5oYM0oi15lQOzCL3lT8z2tnNr4Ox1ymmUXJ5oviTBCryPR10uMamRUjRyjT3N1K2IBqyqwLqOhCCBZfXiaN80pwWQnuL8rVmzyOAhzDCZxBAFdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDNxSO5Q==</latexit>

`1

<latexit sha1_base64="84YYcP6z7eX/ASnqT1z/sHNFRsU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2k3btZhN2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6qEQ/Vq/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfu2UnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2OhlwhcyIiSWUKW5vJWxEFWXGBlSyIXjLL6+SVq3qXVa9+4tK/SaPowgncArn4MEV1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+ADiYjuY=</latexit>

`2
<latexit sha1_base64="jPKnWjh79y6GY27yQg2IGxpzCig=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGm/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjCQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QPQ44/T</latexit>

✓2

<latexit sha1_base64="HyLAePdg1n0g4TanfCNBWWXds+s=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrOt3yxWv6s3gLhM/JxXIUe+Wvzq9hGcxKuKSGdP2vZSCMdMkuMRJqZMZTBkfsj62LVUsRhOMZ/dO3BOr9Nwo0bYUuTP198SYxcaM4tB2xowGZtGbiv957Yyiq2AsVJoRKj5fFGXSpcSdPu/2hEZOcmQJ41rYW10+YJpxshGVbAj+4svLpHlW9S+q/t15pXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP89fj9I=</latexit>

✓1
<latexit sha1_base64="Xh4Xc41jus8oyAFvcAsLe257fk4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDv1W09MG67kgx0nLIjJQPKIU2Kd1Byga4T9XrniV/0Z0DLBOalAjnqv/NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ+jEKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gkgsBL768TJpnVXxRxffnldpNHkcRjuAYTgHDJdTgDurQAAqP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwDbNo4B</latexit>

g = 10

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="XJnqmgh0ZkRIDqhReO6BqJpaHgI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRQSG6QbdU9iv+DGSZBDkpQ45at/TV6SmWJSgtE9SYduCnNhxTbTkTOCl2MoMpZUPax7ajkiZowvHs2gk5dUqPxEq7kpbM1N8TY5oYM0oi15lQOzCL3lT8z2tnNr4Ox1ymmUXJ5oviTBCryPR10uMamRUjRyjT3N1K2IBqyqwLqOhCCBZfXiaN80pwWQnuL8rVmzyOAhzDCZxBAFdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDNxSO5Q==</latexit>

`1
<latexit sha1_base64="HyLAePdg1n0g4TanfCNBWWXds+s=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrOt3yxWv6s3gLhM/JxXIUe+Wvzq9hGcxKuKSGdP2vZSCMdMkuMRJqZMZTBkfsj62LVUsRhOMZ/dO3BOr9Nwo0bYUuTP198SYxcaM4tB2xowGZtGbiv957Yyiq2AsVJoRKj5fFGXSpcSdPu/2hEZOcmQJ41rYW10+YJpxshGVbAj+4svLpHlW9S+q/t15pXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP89fj9I=</latexit>

✓1
<latexit sha1_base64="l5q9WZht3sUz+jWYFI33L+hwNxs=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD7Jf65crXtWbA68SPycVyNHol796g5imkilLBTGm63uJDTKiLaeCTUu91LCE0DEZsq6jikhmgmx+6hSfOWWAo1i7UhbP1d8TGZHGTGToOiWxI7PszcT/vG5qo+sg4ypJLVN0sShKBbYxnv2NB1wzasXEEUI1d7diOiKaUOvSKbkQ/OWXV0mrVvUvq/79RaV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwD+W42c</latexit>m2

<latexit sha1_base64="84YYcP6z7eX/ASnqT1z/sHNFRsU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2k3btZhN2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6qEQ/Vq/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfu2UnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2OhlwhcyIiSWUKW5vJWxEFWXGBlSyIXjLL6+SVq3qXVa9+4tK/SaPowgncArn4MEV1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+ADiYjuY=</latexit>

`2
<latexit sha1_base64="jPKnWjh79y6GY27yQg2IGxpzCig=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGm/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjCQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QPQ44/T</latexit>

✓2

<latexit sha1_base64="jPKnWjh79y6GY27yQg2IGxpzCig=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGm/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjCQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QPQ44/T</latexit>

✓2

<latexit sha1_base64="Pq8Y5lpI1WrAkKy2RY8QNCh0YLU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPBbY10</latexit>

F1

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="zCz39/UIPWSCc2GsZX4DvhemZTw=">AAAB7HicbVBNSwMxEJ34WetX1aOXYBE8ld0i6rHoxWMFty20S8mm2TY0yS5JVihLf4MXD4p49Qd589+YtnvQ1gcDj/dmmJkXpYIb63nfaG19Y3Nru7RT3t3bPzisHB23TJJpygKaiER3ImKY4IoFllvBOqlmREaCtaPx3cxvPzFteKIe7SRloSRDxWNOiXVSIPt1POxXql7NmwOvEr8gVSjQ7Fe+eoOEZpIpSwUxput7qQ1zoi2ngk3LvcywlNAxGbKuo4pIZsJ8fuwUnztlgONEu1IWz9XfEzmRxkxk5DolsSOz7M3E/7xuZuObMOcqzSxTdLEozgS2CZ59jgdcM2rFxBFCNXe3YjoimlDr8im7EPzll1dJq17zr2r+w2W1cVvEUYJTOIML8OEaGnAPTQiAAodneIU3pNALekcfi9Y1VMycwB+gzx8XA443</latexit>m2g<latexit sha1_base64="FtLDB/g5KAYxuXJvSv+yL1+Zzd0=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V3LbQLiWbZtvQJLskWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUMkmmKQtoIhLdiYhhgisWWG4F66SaERkJ1o7GdzO//cS04Yl6tJOUhZIMFY85JdZJgexjNOxXa37dnwOtElyQGhRo9qtfvUFCM8mUpYIY08V+asOcaMupYNNKLzMsJXRMhqzrqCKSmTCfHztFZ04ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fgmzLlKM8sUXSyKM4FsgmafowHXjFoxcYRQzd2tiI6IJtS6fCouBLz88ippXdTxVR0/XNYat0UcZTiBUzgHDNfQgHtoQgAUODzDK7x5ynvx3r2PRWvJK2aO4Q+8zx8VfY42</latexit>m1g

<latexit sha1_base64="I7WLphtYaFSfmfi8WpFuaYy9pfo=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4MaSEVE3QtGNywr2AW0Ik8mkHTqThJmJUEI2/oobF4q49TPc+TdO2iy09cDlHs65l5l7/IQzpR3n26osLa+srlXXaxubW9s79u5eR8WpJLRNYh7Lno8V5Syibc00p71EUix8Trv++Lbwu49UKhZHD3qSUFfgYcRCRrA2kmcfnAoPwSG8hkUfBEGss0nuIc+uOw1nCrhIUEnqoETLs78GQUxSQSNNOFaqj5xEuxmWmhFO89ogVTTBZIyHtG9ohAVVbjY9IIfHRglgGEtTkYZT9fdGhoVSE+GbSYH1SM17hfif1091eOVmLEpSTSMyeyhMOdQxLNKAAZOUaD4xBBPJzF8hGWGJiTaZ1UwIaP7kRdI5a6CLBro/rzdvyjiq4BAcgROAwCVogjvQAm1AQA6ewSt4s56sF+vd+piNVqxyZx/8gfX5AztXlOo=</latexit>�m1g = m1ÿ1

Example: Double Pendulum

Pendulum 1

Kinematics

<latexit sha1_base64="b91MtPjv3k5SMwf3uxdltwMmwC0=">AAACA3icbZA9SwNBEIb3/IzxK2qnzWIQrMKdiNoIQRvLCOYDcuHY20ySJXt7x+6cGELAxr9iY6GIrX/Czn/jJrlCE19YeHhnhtl5w0QKg6777SwsLi2vrObW8usbm1vbhZ3dmolTzaHKYxnrRsgMSKGgigIlNBINLAol1MP+9bhevwdtRKzucJBAK2JdJTqCM7RWUNh/CDx6SX2Q0oJvhKI+9gBZ4AWFoltyJ6Lz4GVQJJkqQeHLb8c8jUAhl8yYpucm2BoyjYJLGOX91EDCeJ91oWlRsQhMazi5YUSPrNOmnVjbp5BO3N8TQxYZM4hC2xkx7JnZ2tj8r9ZMsXPRGgqVpAiKTxd1UkkxpuNAaFto4CgHFhjXwv6V8h7TjKONLW9D8GZPnofaSck7K3m3p8XyVRZHjhyQQ3JMPHJOyuSGVEiVcPJInskreXOenBfn3fmYti442cwe+SPn8wey3ZZL</latexit>

x1 = `1 sin ✓1
<latexit sha1_base64="33x7SWt1T0746KjqvMuDOO4nOu8=">AAACF3icbZDLSgMxFIYz9VbrbdSlm2ARXJUZEXUjFN24rGAv0BmGTHrahmYuJGfEMvQt3Pgqblwo4lZ3vo3pZaGtPwR+vnNOkvOHqRQaHefbKiwtr6yuFddLG5tb2zv27l5DJ5niUOeJTFQrZBqkiKGOAiW0UgUsCiU0w8H1uN68B6VFEt/hMAU/Yr1YdAVnaFBgV7xOgvnDKHDpJZ14D/uAzAAPpDTY44mmUxi4gV12Ks5EdNG4M1MmM9UC+8tcyrMIYuSSad12nRT9nCkUXMKo5GUaUsYHrAdtY2MWgfbzyV4jemRIh3YTZU6MdEJ/T+Qs0noYhaYzYtjX87Ux/K/WzrB74eciTjOEmE8f6maSYkLHIdGOUMBRDo1hXAnzV8r7TDGOJsqSCcGdX3nRNE4q7lnFvT0tV69mcRTJATkkx8Ql56RKbkiN1Aknj+SZvJI368l6sd6tj2lrwZrN7JM/sj5/ACQHn0Y=</latexit>

ẋ1 = ✓̇1`1 cos ✓1
<latexit sha1_base64="b5QqzMnHoZlItMhUDmrlZShv2V4="></latexit>

ẍ1 = ✓̈1`1 cos ✓1 � ✓̇21`1 sin ✓1

<latexit sha1_base64="QdJfu+QQmc/TByfZvRaz27bmZZI=">AAACBHicbZC7SgNBFIZnvcZ4i1qmGQyCjWFXRG2EoI1lBHOB7LLMTs4mQ2YvzJwVwpLCxlexsVDE1oew822cXApN/GHg4z/ncOb8QSqFRtv+tpaWV1bX1gsbxc2t7Z3d0t5+UyeZ4tDgiUxUO2AapIihgQIltFMFLAoktILBzbjeegClRRLf4zAFL2K9WISCMzSWXyoPfYde0RMXpDTk8kRTF/uAzHf8UsWu2hPRRXBmUCEz1f3Sl9tNeBZBjFwyrTuOnaKXM4WCSxgV3UxDyviA9aBjMGYRaC+fHDGiR8bp0jBR5sVIJ+7viZxFWg+jwHRGDPt6vjY2/6t1MgwvvVzEaYYQ8+miMJMUEzpOhHaFAo5yaIBxJcxfKe8zxTia3IomBGf+5EVonlad86pzd1apXc/iKJAyOSTHxCEXpEZuSZ00CCeP5Jm8kjfryXqx3q2PaeuSNZs5IH9kff4AGyGWfg==</latexit>

y1 = �`1 cos ✓1
<latexit sha1_base64="JgMlWX7JClb1aCavr+kLpNHPkUI=">AAACF3icbZDLSgMxFIYzXmu9VV26CRbBVZkRUTdC0Y3LCvYCnTJk0tM2NJMZkjNCGfoWbnwVNy4Ucas738Z02oW2/hD4+c45Sc4fJlIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e03TJxqDnUey1i3QmZACgV1FCihlWhgUSihGQ5vJvXmA2gjYnWPowQ6Eesr0ROcoUVBqeJ3Y8xG48CjVzT3Pg4AmQU+SGmxb4SiUxh4QansVtxcdNF4M1MmM9WC0pe9lKcRKOSSGdP23AQ7GdMouIRx0U8NJIwPWR/a1ioWgelk+V5jemxJl/ZibY9CmtPfExmLjBlFoe2MGA7MfG0C/6u1U+xddjKhkhRB8elDvVRSjOkkJNoVGjjKkTWMa2H/SvmAacbRRlm0IXjzKy+axmnFO694d2fl6vUsjgI5JEfkhHjkglTJLamROuHkkTyTV/LmPDkvzrvzMW1dcmYzB+SPnM8fLY6fTA==</latexit>

ẏ1 = ✓̇1`1 sin ✓1
<latexit sha1_base64="Yf7pQoQOjenUzZvouCg367tWgKU="></latexit>

ÿ1 = ✓̈1`1 sin ✓1 + ✓̇21`1 cos ✓1

Pendulum 2

<latexit sha1_base64="K9fvqbgybxdrllPV5ZrwetBejtQ="></latexit>

ẋ2 = ẋ1 + ✓̇2`2 cos ✓2 = ✓̇1`1 cos ✓1 + ✓̇2`2 cos ✓2
<latexit sha1_base64="H3YF/5a2a132c8cgK1UAoHTkvnQ="></latexit>

ẍ2 = ẍ1 + ✓̈2`2 cos ✓2 � ✓̇22`2 sin ✓2 = ✓̈1`1 cos ✓1 � ✓̇21`1 sin ✓1 + ✓̈2`2 cos ✓2 � ✓̇22`2 sin ✓2

<latexit sha1_base64="4nkBlwGS7tGivGNQDhdYS75n8wo=">AAACNXicdZDLSgMxFIYzXmu9jbp0EyyCIJQZEXUjFN24cFHBqtApQyY9tcFMZkjOSEvpS7nxPVzpwoUibn0F0+ksvB4I/Pn+c0jOH6VSGPS8J2dicmp6ZrY0V55fWFxadldWL0ySaQ4NnshEX0XMgBQKGihQwlWqgcWRhMvo5njkX96CNiJR59hPoRWzayU6gjO0KHRPe+EOPaS90KfbNAAp7TUwQgXYBWS5l1M/p7TA/zSHbsWrennR38IvRIUUVQ/dh6Cd8CwGhVwyY5q+l2JrwDQKLmFYDjIDKeM37BqaVioWg2kN8q2HdNOSNu0k2h6FNKdfJwYsNqYfR7YzZtg1P70R/MtrZtg5aA2ESjMExccPdTJJMaGjCGlbaOAo+1YwroX9K+VdphlHG3TZhuD/XPm3uNip+ntV/2y3Ujsq4iiRdbJBtohP9kmNnJA6aRBO7sgjeSGvzr3z7Lw57+PWCaeYWSPfyvn4BMMFqIE=</latexit>

x2 = x1 + `2 sin ✓2 = `1 sin ✓1 + `2 sin ✓2
<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="MI4iaa9t3elN9cdAdp9GIeCMAnU=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoxmUF+5B2KJk004YmM0NyRyxDv8KNC0Xc+jnu/BvTdhbaeiBwOOcecu8JEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FBFvoEDJ24nmVAWSt4LRzdRvPXJtRBzd4zjhvqKDSISCUbTSQ7cfY/Y06VV7pbJbcWcgy8TLSRly1HulL5tlqeIRMkmN6Xhugn5GNQom+aTYTQ1PKBvRAe9YGlHFjZ/NFp6QU6v0SRhr+yIkM/V3IqPKmLEK7KSiODSL3lT8z+ukGF75mYiSFHnE5h+FqSQYk+n1pC80ZyjHllCmhd2VsCHVlKHtqGhL8BZPXibNasW7qHh35+XadV5HAY7hBM7Ag0uowS3UoQEMFDzDK7w52nlx3p2P+eiKk2eO4A+czx/tupB+</latexit>

ẋ2
<latexit sha1_base64="3U6RacfBcHiqY8SKzRIiMyV21z0=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE8laSIeix68VjBfmBbymazaZdudsPuRCyh/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLEsENet63s7K6tr6xWdgqbu/s7u2XDg6bRqWasgZVQul2QAwTXLIGchSsnWhG4kCwVjC6mfqtR6YNV/IexwnrxWQgecQpQSs9dMNQYfY06Vf7pbJX8WZwl4mfkzLkqPdLX91Q0TRmEqkgxnR8L8FeRjRyKtik2E0NSwgdkQHrWCpJzEwvm108cU+tErqR0rYkujP190RGYmPGcWA7Y4JDs+hNxf+8TorRVS/jMkmRSTpfFKXCReVO33dDrhlFMbaEUM3trS4dEk0o2pCKNgR/8eVl0qxW/IuKf3derl3ncRTgGE7gDHy4hBrcQh0aQEHCM7zCm2OcF+fd+Zi3rjj5zBH8gfP5A63JkOw=</latexit>

ẍ2

<latexit sha1_base64="rD/K3R7nRe/VP/0rUdW1BEbPSTk=">AAACOnicdVDLSgMxFM34dnxVXboJFsGNZVJE3RRENy4tWC10ypBJb9vQzIPkjjAUv8uNX+HOhRsXirj1A0zbWajVA4GTc84luSdMlTToeU/OzOzc/MLi0rK7srq2vlHa3Lo2SaYFNESiEt0MuQElY2igRAXNVAOPQgU34eB85N/cgjYyia8wT6Ed8V4su1JwtFJQqudBldZoHjB6QH1Qyl59kRjqYx+QB1W35hYG+2Ew9598UCp7FW8MOk1YQcqkwGVQevQ7icgiiFEobkyLeSm2h1yjFAruXD8zkHIx4D1oWRrzCEx7OF79ju5ZpUO7ibYnRjpWv08MeWRMHoU2GXHsm9/eSPzLa2XYPWkPZZxmCLGYPNTNFMWEjnqkHalBoMot4UJL+1cq+lxzgbbtUQns98rT5LpaYUcVVj8sn54VdSyRHbJL9gkjx+SUXJBL0iCC3JNn8krenAfnxXl3PibRGaeY2SY/4Hx+AUdyqP8=</latexit>

y2 = y1 � `2 cos ✓2 = �`1 cos ✓1 � `2 cos ✓2
<latexit sha1_base64="knRqiNCn2fbum80My9XMGaByInI="></latexit>

ẏ2 = ẏ1 + ✓̇2`2 sin ✓2 = ✓̇1`1 sin ✓1 + ✓̇2`2 sin ✓2
<latexit sha1_base64="g8tzsyrqe4wHK+3OhSehoY3nqlE="></latexit>

ÿ2 = ÿ1 + ✓̈2`2 sin ✓2 + ✓̇22`2 cos ✓2 = ✓̈1`1 sin ✓1 + ✓̇21`1 cos ✓1 + ✓̈2`2 sin ✓2 + ✓̇22`2 cos ✓2

<latexit sha1_base64="eYAgKqSiYd8jVtwyJdBmRglvFEY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2m3bpZhN2J0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xCzhfkSHSoSCUbTSQ9av9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/QnVKJjk01IvNTyhbEyHvGupohE3/mR+6pScWWVAwljbUkjm6u+JCY2MyaLAdkYUR2bZm4n/ed0Uw2t/IlSSIldssShMJcGYzP4mA6E5Q5lZQpkW9lbCRlRThjadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEQso2o</latexit>y2
<latexit sha1_base64="gGiPFGcKp6/1/QH9DHgsTY188rE=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ie0Q8mkmTY0mRmSO0IZ+hVuXCji1s9x59+YtrPQ1gOBwzn3kHtPkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUkS8iQIl7ySaUxVI3g7GtzO//cS1EXH0gJOE+4oOIxEKRtFKj71BjNlk2q/1yxW36s5BVomXkwrkaPTLXzbLUsUjZJIa0/XcBP2MahRM8mmplxqeUDamQ961NKKKGz+bLzwlZ1YZkDDW9kVI5urvREaVMRMV2ElFcWSWvZn4n9dNMbz2MxElKfKILT4KU0kwJrPryUBozlBOLKFMC7srYSOqKUPbUcmW4C2fvEpatap3WfXuLyr1m7yOIpzAKZyDB1dQhztoQBMYKHiGV3hztPPivDsfi9GCk2eO4Q+czx/vQZB/</latexit>

ẏ2
<latexit sha1_base64="iBRSr7ZMpp7ofNgrR23/ViT4uIA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae2oWw2m3bpZjfsboQQ+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbmd+94kqzaR4MFlC/RiPBIsYwcZKj4MwlCbPpsPGsFpz6+4caJV4BalBgdaw+jUIJUljKgzhWOu+5ybGz7EyjHA6rQxSTRNMJnhE+5YKHFPt5/OLp+jMKiGKpLIlDJqrvydyHGudxYHtjLEZ62VvJv7n9VMTXfs5E0lqqCCLRVHKkZFo9j4KmaLE8MwSTBSztyIyxgoTY0Oq2BC85ZdXSadR9y7r3v1FrXlTxFGGEziFc/DgCppwBy1oAwEBz/AKb452Xpx352PRWnKKmWP4A+fzB69QkO0=</latexit>

ÿ2

Dynamics:

Pendulum 1:

Pendulum 2:



Example: Double Pendulum

Writing in terms of pendulum angles… and simplifying…

Free Body Diagrams

<latexit sha1_base64="CXyspah+qlUUfPhmhiNSUkgAc9A=">AAACDHicbVDLSsNAFJ34rPVVdelmsAh1UxIRdSMU3bisYB/QhDKZTNuhM5mQuZGWkA9w46+4caGIWz/AnX/jtM1CWw8MHM499869x48E12Db39bS8srq2npho7i5tb2zW9rbb2qVxJQ1qBIqbvtEM8FD1gAOgrWjmBHpC9byhzeTeuuBxZqr8B7GEfMk6Ye8xykBI3VLZVcnErvARpBWesoM1SdZd4SvsFGDQEE6yozLrtpT4EXi5KSMctS7pS83UDSRLAQqiNYdx47AS0kMnAqWFd1Es4jQIemzjqEhkUx76fSYDB8bJcBmFfNCwFP1d0dKpNZj6RunJDDQ87WJ+F+tk0Dv0kt5GCXAQjr7qJcIDApPksEBjxkFMTaE0JibXTEdkJhQMPkVTQjO/MmLpHladc6rzt1ZuXadx1FAh+gIVZCDLlAN3aI6aiCKHtEzekVv1pP1Yr1bHzPrkpX3HKA/sD5/AEsPmyQ=</latexit>X
(forces)x = mẍ

<latexit sha1_base64="mjn7nTRDDhm42JZLxZ9V48LiSNk=">AAACDHicbVDLSsNAFJ3UV62vqks3g0Wom5KIqBuh6MZlBfuAJpTJZNIOnUxC5kYMIR/gxl9x40IRt36AO//GaZuFth4YOJx77p17jxsJrsA0v43S0vLK6lp5vbKxubW9U93d66gwiSlr01CEcc8ligkuWRs4CNaLYkYCV7CuO76e1Lv3LFY8lHeQRswJyFByn1MCWhpUa7ZKAmwDe4Cs7od6qDrOBym+xFr1vBCyNNcus2FOgReJVZAaKtAaVL9sL6RJwCRQQZTqW2YETkZi4FSwvGInikWEjsmQ9TWVJGDKyabH5PhIKx7Wq+gnAU/V3x0ZCZRKA1c7AwIjNV+biP/V+gn4F07GZZQAk3T2kZ8IDCGeJIM9HjMKItWE0JjrXTEdkZhQ0PlVdAjW/MmLpHPSsM4a1u1prXlVxFFGB+gQ1ZGFzlET3aAWaiOKHtEzekVvxpPxYrwbHzNrySh69tEfGJ8/TiWbJg==</latexit>X
(forces)y = mÿ

<latexit sha1_base64="zrA/+AvbFpMRjyQFA4ThWGGqOIs=">AAACEHicbVDLSgNBEJz1GeMr6tHLYBC9GHYXUS9CUBCPEcwDkrDMzk6SITM7y0yvEJZ8ghd/xYsHRbx69ObfOHkcNLGgoajqprsrTAQ34LrfzsLi0vLKam4tv76xubVd2NmtGZVqyqpUCaUbITFM8JhVgYNgjUQzIkPB6mH/euTXH5g2XMX3MEhYW5JuzDucErBSUDi6CXzcosrgFvQYkMA/kYHfxZdYjowoUpANhoEfFIpuyR0DzxNvSopoikpQ+GpFiqaSxUAFMabpuQm0M6KBU8GG+VZqWEJon3RZ09KYSGba2fihIT60SoQ7StuKAY/V3xMZkcYMZGg7JYGemfVG4n9eM4XORTvjcZICi+lkUScVGBQepYMjrhkFMbCEUM3trZj2iCYUbIZ5G4I3+/I8qfkl76zk3Z0Wy1fTOHJoHx2gY+Shc1RGt6iCqoiiR/SMXtGb8+S8OO/Ox6R1wZnO7KE/cD5/ALmtmyg=</latexit>

F2 cos ✓2 �m2g = m2ÿ2
<latexit sha1_base64="Haqd5X7tbdGa7OCN1du1HT6Ubuc=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ3lpki6kYoCuKygn1AW0omk7ahSWZI7ohl6Ae48VfcuFDErR/gzr8x085CWw8ETs45l+QePxLcgOt+OwuLS8srq7m1/PrG5tZ2YWe3bsJYU1ajoQh10yeGCa5YDTgI1ow0I9IXrOEPr1K/cc+04aG6g1HEOpL0Fe9xSsBK3ULx+Lpbxm3DFW7DgAGxtwssUy0IQkgext2yTbkldwI8T7yMFFGGarfw1Q5CGkumgApiTMtzI+gkRAOngo3z7diwiNAh6bOWpYpIZjrJZJkxPrRKgHuhtkcBnqi/JxIijRlJ3yYlgYGZ9VLxP68VQ++8k3AVxcAUnT7UiwWGEKfN4IBrRkGMLCFUc/tXTAdEEwq2v7wtwZtdeZ7UyyXvtOTdnhQrl1kdObSPDtAR8tAZqqAbVEU1RNEjekav6M15cl6cd+djGl1wspk99AfO5w/Zo5mf</latexit>

�F2 sin ✓2 = m2ẍ2

<latexit sha1_base64="BsmJER8hK0woJRQKOscjhe8JS9U=">AAACIHicbVDLSgMxFM34rPU16tJNsAiCWGaKWDdCUSguK9gHtGXIZNI2NJMZkjtiGfopbvwVNy4U0Z1+jeljYVsPBE7OOZfkHj8WXIPjfFtLyyura+uZjezm1vbOrr23X9NRoiir0khEquETzQSXrAocBGvEipHQF6zu929Gfv2BKc0jeQ+DmLVD0pW8wykBI3l28azsubilucQt6DEg5naKy15hRivgKxyOckEQQfo49FzPzjl5Zwy8SNwpyaEpKp791QoimoRMAhVE66brxNBOiQJOBRtmW4lmMaF90mVNQyUJmW6n4wWH+NgoAe5EyhwJeKz+nUhJqPUg9E0yJNDT895I/M9rJtC5bKdcxgkwSScPdRKBIcKjtnDAFaMgBoYQqrj5K6Y9oggF02nWlODOr7xIaoW8e5F3785zpetpHRl0iI7QCXJREZXQLaqgKqLoCb2gN/RuPVuv1of1OYkuWdOZAzQD6+cXKvagjg==</latexit>

�F1 sin ✓1 + F2 sin ✓2 = m1ẍ1

<latexit sha1_base64="IU3rOlXg+DPTbGWdLmcolf/mCRg=">AAACH3icbVDNSgMxGMzWv1r/qh69BIvgxbJbpHoRikLxWMHaQluWbDZtQ7ObJflWWJa+iRdfxYsHRcRb38a03YNtHQhMZuYj+caLBNdg2xMrt7a+sbmV3y7s7O7tHxQPj560jBVlTSqFVG2PaCZ4yJrAQbB2pBgJPMFa3uhu6reemdJcho+QRKwXkEHI+5wSMJJbrNZdB3ep1LgLQwbE3C5w3a0saBV8g4NpzvclpMnYddxiyS7bM+BV4mSkhDI03OJP15c0DlgIVBCtO44dQS8lCjgVbFzoxppFhI7IgHUMDUnAdC+d7TfGZ0bxcV8qc0LAM/XvREoCrZPAM8mAwFAve1PxP68TQ/+6l/IwioGFdP5QPxYYJJ6WhX2uGAWRGEKo4uavmA6JIhRMpQVTgrO88ip5qpSdatl5uCzVbrM68ugEnaJz5KArVEP3qIGaiKIX9IY+0Kf1ar1bX9b3PJqzspljtABr8gur2aBQ</latexit>

F1 cos ✓1 � F2 cos ✓2 = m1ÿ1

<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3
<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1
<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2

<latexit sha1_base64="Xh4Xc41jus8oyAFvcAsLe257fk4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDv1W09MG67kgx0nLIjJQPKIU2Kd1Byga4T9XrniV/0Z0DLBOalAjnqv/NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ+jEKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gkgsBL768TJpnVXxRxffnldpNHkcRjuAYTgHDJdTgDurQAAqP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwDbNo4B</latexit>

g = 10

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="l5q9WZht3sUz+jWYFI33L+hwNxs=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD7Jf65crXtWbA68SPycVyNHol796g5imkilLBTGm63uJDTKiLaeCTUu91LCE0DEZsq6jikhmgmx+6hSfOWWAo1i7UhbP1d8TGZHGTGToOiWxI7PszcT/vG5qo+sg4ypJLVN0sShKBbYxnv2NB1wzasXEEUI1d7diOiKaUOvSKbkQ/OWXV0mrVvUvq/79RaV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwD+W42c</latexit>m2

<latexit sha1_base64="XJnqmgh0ZkRIDqhReO6BqJpaHgI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRQSG6QbdU9iv+DGSZBDkpQ45at/TV6SmWJSgtE9SYduCnNhxTbTkTOCl2MoMpZUPax7ajkiZowvHs2gk5dUqPxEq7kpbM1N8TY5oYM0oi15lQOzCL3lT8z2tnNr4Ox1ymmUXJ5oviTBCryPR10uMamRUjRyjT3N1K2IBqyqwLqOhCCBZfXiaN80pwWQnuL8rVmzyOAhzDCZxBAFdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDNxSO5Q==</latexit>

`1

<latexit sha1_base64="84YYcP6z7eX/ASnqT1z/sHNFRsU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2k3btZhN2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6qEQ/Vq/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfu2UnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2OhlwhcyIiSWUKW5vJWxEFWXGBlSyIXjLL6+SVq3qXVa9+4tK/SaPowgncArn4MEV1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+ADiYjuY=</latexit>

`2
<latexit sha1_base64="jPKnWjh79y6GY27yQg2IGxpzCig=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGm/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjCQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QPQ44/T</latexit>

✓2

<latexit sha1_base64="HyLAePdg1n0g4TanfCNBWWXds+s=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrOt3yxWv6s3gLhM/JxXIUe+Wvzq9hGcxKuKSGdP2vZSCMdMkuMRJqZMZTBkfsj62LVUsRhOMZ/dO3BOr9Nwo0bYUuTP198SYxcaM4tB2xowGZtGbiv957Yyiq2AsVJoRKj5fFGXSpcSdPu/2hEZOcmQJ41rYW10+YJpxshGVbAj+4svLpHlW9S+q/t15pXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP89fj9I=</latexit>

✓1
<latexit sha1_base64="Xh4Xc41jus8oyAFvcAsLe257fk4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDv1W09MG67kgx0nLIjJQPKIU2Kd1Byga4T9XrniV/0Z0DLBOalAjnqv/NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ+jEKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gkgsBL768TJpnVXxRxffnldpNHkcRjuAYTgHDJdTgDurQAAqP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwDbNo4B</latexit>

g = 10

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="XJnqmgh0ZkRIDqhReO6BqJpaHgI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRQSG6QbdU9iv+DGSZBDkpQ45at/TV6SmWJSgtE9SYduCnNhxTbTkTOCl2MoMpZUPax7ajkiZowvHs2gk5dUqPxEq7kpbM1N8TY5oYM0oi15lQOzCL3lT8z2tnNr4Ox1ymmUXJ5oviTBCryPR10uMamRUjRyjT3N1K2IBqyqwLqOhCCBZfXiaN80pwWQnuL8rVmzyOAhzDCZxBAFdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDNxSO5Q==</latexit>

`1
<latexit sha1_base64="HyLAePdg1n0g4TanfCNBWWXds+s=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrOt3yxWv6s3gLhM/JxXIUe+Wvzq9hGcxKuKSGdP2vZSCMdMkuMRJqZMZTBkfsj62LVUsRhOMZ/dO3BOr9Nwo0bYUuTP198SYxcaM4tB2xowGZtGbiv957Yyiq2AsVJoRKj5fFGXSpcSdPu/2hEZOcmQJ41rYW10+YJpxshGVbAj+4svLpHlW9S+q/t15pXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP89fj9I=</latexit>

✓1
<latexit sha1_base64="l5q9WZht3sUz+jWYFI33L+hwNxs=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD7Jf65crXtWbA68SPycVyNHol796g5imkilLBTGm63uJDTKiLaeCTUu91LCE0DEZsq6jikhmgmx+6hSfOWWAo1i7UhbP1d8TGZHGTGToOiWxI7PszcT/vG5qo+sg4ypJLVN0sShKBbYxnv2NB1wzasXEEUI1d7diOiKaUOvSKbkQ/OWXV0mrVvUvq/79RaV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwD+W42c</latexit>m2

<latexit sha1_base64="84YYcP6z7eX/ASnqT1z/sHNFRsU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2k3btZhN2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6qEQ/Vq/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfu2UnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2OhlwhcyIiSWUKW5vJWxEFWXGBlSyIXjLL6+SVq3qXVa9+4tK/SaPowgncArn4MEV1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+ADiYjuY=</latexit>

`2
<latexit sha1_base64="jPKnWjh79y6GY27yQg2IGxpzCig=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGm/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjCQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QPQ44/T</latexit>

✓2

<latexit sha1_base64="jPKnWjh79y6GY27yQg2IGxpzCig=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGm/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjCQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QPQ44/T</latexit>

✓2

<latexit sha1_base64="Pq8Y5lpI1WrAkKy2RY8QNCh0YLU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPBbY10</latexit>

F1

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="zCz39/UIPWSCc2GsZX4DvhemZTw=">AAAB7HicbVBNSwMxEJ34WetX1aOXYBE8ld0i6rHoxWMFty20S8mm2TY0yS5JVihLf4MXD4p49Qd589+YtnvQ1gcDj/dmmJkXpYIb63nfaG19Y3Nru7RT3t3bPzisHB23TJJpygKaiER3ImKY4IoFllvBOqlmREaCtaPx3cxvPzFteKIe7SRloSRDxWNOiXVSIPt1POxXql7NmwOvEr8gVSjQ7Fe+eoOEZpIpSwUxput7qQ1zoi2ngk3LvcywlNAxGbKuo4pIZsJ8fuwUnztlgONEu1IWz9XfEzmRxkxk5DolsSOz7M3E/7xuZuObMOcqzSxTdLEozgS2CZ59jgdcM2rFxBFCNXe3YjoimlDr8im7EPzll1dJq17zr2r+w2W1cVvEUYJTOIML8OEaGnAPTQiAAodneIU3pNALekcfi9Y1VMycwB+gzx8XA443</latexit>m2g<latexit sha1_base64="FtLDB/g5KAYxuXJvSv+yL1+Zzd0=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V3LbQLiWbZtvQJLskWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUMkmmKQtoIhLdiYhhgisWWG4F66SaERkJ1o7GdzO//cS04Yl6tJOUhZIMFY85JdZJgexjNOxXa37dnwOtElyQGhRo9qtfvUFCM8mUpYIY08V+asOcaMupYNNKLzMsJXRMhqzrqCKSmTCfHztFZ04ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fgmzLlKM8sUXSyKM4FsgmafowHXjFoxcYRQzd2tiI6IJtS6fCouBLz88ippXdTxVR0/XNYat0UcZTiBUzgHDNfQgHtoQgAUODzDK7x5ynvx3r2PRWvJK2aO4Q+8zx8VfY42</latexit>m1g

<latexit sha1_base64="I7WLphtYaFSfmfi8WpFuaYy9pfo=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4MaSEVE3QtGNywr2AW0Ik8mkHTqThJmJUEI2/oobF4q49TPc+TdO2iy09cDlHs65l5l7/IQzpR3n26osLa+srlXXaxubW9s79u5eR8WpJLRNYh7Lno8V5Syibc00p71EUix8Trv++Lbwu49UKhZHD3qSUFfgYcRCRrA2kmcfnAoPwSG8hkUfBEGss0nuIc+uOw1nCrhIUEnqoETLs78GQUxSQSNNOFaqj5xEuxmWmhFO89ogVTTBZIyHtG9ohAVVbjY9IIfHRglgGEtTkYZT9fdGhoVSE+GbSYH1SM17hfif1091eOVmLEpSTSMyeyhMOdQxLNKAAZOUaD4xBBPJzF8hGWGJiTaZ1UwIaP7kRdI5a6CLBro/rzdvyjiq4BAcgROAwCVogjvQAm1AQA6ewSt4s56sF+vd+piNVqxyZx/8gfX5AztXlOo=</latexit>�m1g = m1ÿ1

Example: Double Pendulum

Pendulum 1

Kinematics

<latexit sha1_base64="b91MtPjv3k5SMwf3uxdltwMmwC0=">AAACA3icbZA9SwNBEIb3/IzxK2qnzWIQrMKdiNoIQRvLCOYDcuHY20ySJXt7x+6cGELAxr9iY6GIrX/Czn/jJrlCE19YeHhnhtl5w0QKg6777SwsLi2vrObW8usbm1vbhZ3dmolTzaHKYxnrRsgMSKGgigIlNBINLAol1MP+9bhevwdtRKzucJBAK2JdJTqCM7RWUNh/CDx6SX2Q0oJvhKI+9gBZ4AWFoltyJ6Lz4GVQJJkqQeHLb8c8jUAhl8yYpucm2BoyjYJLGOX91EDCeJ91oWlRsQhMazi5YUSPrNOmnVjbp5BO3N8TQxYZM4hC2xkx7JnZ2tj8r9ZMsXPRGgqVpAiKTxd1UkkxpuNAaFto4CgHFhjXwv6V8h7TjKONLW9D8GZPnofaSck7K3m3p8XyVRZHjhyQQ3JMPHJOyuSGVEiVcPJInskreXOenBfn3fmYti442cwe+SPn8wey3ZZL</latexit>

x1 = `1 sin ✓1
<latexit sha1_base64="33x7SWt1T0746KjqvMuDOO4nOu8=">AAACF3icbZDLSgMxFIYz9VbrbdSlm2ARXJUZEXUjFN24rGAv0BmGTHrahmYuJGfEMvQt3Pgqblwo4lZ3vo3pZaGtPwR+vnNOkvOHqRQaHefbKiwtr6yuFddLG5tb2zv27l5DJ5niUOeJTFQrZBqkiKGOAiW0UgUsCiU0w8H1uN68B6VFEt/hMAU/Yr1YdAVnaFBgV7xOgvnDKHDpJZ14D/uAzAAPpDTY44mmUxi4gV12Ks5EdNG4M1MmM9UC+8tcyrMIYuSSad12nRT9nCkUXMKo5GUaUsYHrAdtY2MWgfbzyV4jemRIh3YTZU6MdEJ/T+Qs0noYhaYzYtjX87Ux/K/WzrB74eciTjOEmE8f6maSYkLHIdGOUMBRDo1hXAnzV8r7TDGOJsqSCcGdX3nRNE4q7lnFvT0tV69mcRTJATkkx8Ql56RKbkiN1Aknj+SZvJI368l6sd6tj2lrwZrN7JM/sj5/ACQHn0Y=</latexit>

ẋ1 = ✓̇1`1 cos ✓1
<latexit sha1_base64="b5QqzMnHoZlItMhUDmrlZShv2V4="></latexit>

ẍ1 = ✓̈1`1 cos ✓1 � ✓̇21`1 sin ✓1

<latexit sha1_base64="QdJfu+QQmc/TByfZvRaz27bmZZI=">AAACBHicbZC7SgNBFIZnvcZ4i1qmGQyCjWFXRG2EoI1lBHOB7LLMTs4mQ2YvzJwVwpLCxlexsVDE1oew822cXApN/GHg4z/ncOb8QSqFRtv+tpaWV1bX1gsbxc2t7Z3d0t5+UyeZ4tDgiUxUO2AapIihgQIltFMFLAoktILBzbjeegClRRLf4zAFL2K9WISCMzSWXyoPfYde0RMXpDTk8kRTF/uAzHf8UsWu2hPRRXBmUCEz1f3Sl9tNeBZBjFwyrTuOnaKXM4WCSxgV3UxDyviA9aBjMGYRaC+fHDGiR8bp0jBR5sVIJ+7viZxFWg+jwHRGDPt6vjY2/6t1MgwvvVzEaYYQ8+miMJMUEzpOhHaFAo5yaIBxJcxfKe8zxTia3IomBGf+5EVonlad86pzd1apXc/iKJAyOSTHxCEXpEZuSZ00CCeP5Jm8kjfryXqx3q2PaeuSNZs5IH9kff4AGyGWfg==</latexit>

y1 = �`1 cos ✓1
<latexit sha1_base64="JgMlWX7JClb1aCavr+kLpNHPkUI=">AAACF3icbZDLSgMxFIYzXmu9VV26CRbBVZkRUTdC0Y3LCvYCnTJk0tM2NJMZkjNCGfoWbnwVNy4Ucas738Z02oW2/hD4+c45Sc4fJlIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e03TJxqDnUey1i3QmZACgV1FCihlWhgUSihGQ5vJvXmA2gjYnWPowQ6Eesr0ROcoUVBqeJ3Y8xG48CjVzT3Pg4AmQU+SGmxb4SiUxh4QansVtxcdNF4M1MmM9WC0pe9lKcRKOSSGdP23AQ7GdMouIRx0U8NJIwPWR/a1ioWgelk+V5jemxJl/ZibY9CmtPfExmLjBlFoe2MGA7MfG0C/6u1U+xddjKhkhRB8elDvVRSjOkkJNoVGjjKkTWMa2H/SvmAacbRRlm0IXjzKy+axmnFO694d2fl6vUsjgI5JEfkhHjkglTJLamROuHkkTyTV/LmPDkvzrvzMW1dcmYzB+SPnM8fLY6fTA==</latexit>

ẏ1 = ✓̇1`1 sin ✓1
<latexit sha1_base64="Yf7pQoQOjenUzZvouCg367tWgKU="></latexit>

ÿ1 = ✓̈1`1 sin ✓1 + ✓̇21`1 cos ✓1

Pendulum 2

<latexit sha1_base64="K9fvqbgybxdrllPV5ZrwetBejtQ="></latexit>

ẋ2 = ẋ1 + ✓̇2`2 cos ✓2 = ✓̇1`1 cos ✓1 + ✓̇2`2 cos ✓2
<latexit sha1_base64="H3YF/5a2a132c8cgK1UAoHTkvnQ="></latexit>

ẍ2 = ẍ1 + ✓̈2`2 cos ✓2 � ✓̇22`2 sin ✓2 = ✓̈1`1 cos ✓1 � ✓̇21`1 sin ✓1 + ✓̈2`2 cos ✓2 � ✓̇22`2 sin ✓2

<latexit sha1_base64="4nkBlwGS7tGivGNQDhdYS75n8wo=">AAACNXicdZDLSgMxFIYzXmu9jbp0EyyCIJQZEXUjFN24cFHBqtApQyY9tcFMZkjOSEvpS7nxPVzpwoUibn0F0+ksvB4I/Pn+c0jOH6VSGPS8J2dicmp6ZrY0V55fWFxadldWL0ySaQ4NnshEX0XMgBQKGihQwlWqgcWRhMvo5njkX96CNiJR59hPoRWzayU6gjO0KHRPe+EOPaS90KfbNAAp7TUwQgXYBWS5l1M/p7TA/zSHbsWrennR38IvRIUUVQ/dh6Cd8CwGhVwyY5q+l2JrwDQKLmFYDjIDKeM37BqaVioWg2kN8q2HdNOSNu0k2h6FNKdfJwYsNqYfR7YzZtg1P70R/MtrZtg5aA2ESjMExccPdTJJMaGjCGlbaOAo+1YwroX9K+VdphlHG3TZhuD/XPm3uNip+ntV/2y3Ujsq4iiRdbJBtohP9kmNnJA6aRBO7sgjeSGvzr3z7Lw57+PWCaeYWSPfyvn4BMMFqIE=</latexit>

x2 = x1 + `2 sin ✓2 = `1 sin ✓1 + `2 sin ✓2
<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="MI4iaa9t3elN9cdAdp9GIeCMAnU=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoxmUF+5B2KJk004YmM0NyRyxDv8KNC0Xc+jnu/BvTdhbaeiBwOOcecu8JEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FBFvoEDJ24nmVAWSt4LRzdRvPXJtRBzd4zjhvqKDSISCUbTSQ7cfY/Y06VV7pbJbcWcgy8TLSRly1HulL5tlqeIRMkmN6Xhugn5GNQom+aTYTQ1PKBvRAe9YGlHFjZ/NFp6QU6v0SRhr+yIkM/V3IqPKmLEK7KSiODSL3lT8z+ukGF75mYiSFHnE5h+FqSQYk+n1pC80ZyjHllCmhd2VsCHVlKHtqGhL8BZPXibNasW7qHh35+XadV5HAY7hBM7Ag0uowS3UoQEMFDzDK7w52nlx3p2P+eiKk2eO4A+czx/tupB+</latexit>

ẋ2
<latexit sha1_base64="3U6RacfBcHiqY8SKzRIiMyV21z0=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE8laSIeix68VjBfmBbymazaZdudsPuRCyh/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLEsENet63s7K6tr6xWdgqbu/s7u2XDg6bRqWasgZVQul2QAwTXLIGchSsnWhG4kCwVjC6mfqtR6YNV/IexwnrxWQgecQpQSs9dMNQYfY06Vf7pbJX8WZwl4mfkzLkqPdLX91Q0TRmEqkgxnR8L8FeRjRyKtik2E0NSwgdkQHrWCpJzEwvm108cU+tErqR0rYkujP190RGYmPGcWA7Y4JDs+hNxf+8TorRVS/jMkmRSTpfFKXCReVO33dDrhlFMbaEUM3trS4dEk0o2pCKNgR/8eVl0qxW/IuKf3derl3ncRTgGE7gDHy4hBrcQh0aQEHCM7zCm2OcF+fd+Zi3rjj5zBH8gfP5A63JkOw=</latexit>

ẍ2

<latexit sha1_base64="rD/K3R7nRe/VP/0rUdW1BEbPSTk=">AAACOnicdVDLSgMxFM34dnxVXboJFsGNZVJE3RRENy4tWC10ypBJb9vQzIPkjjAUv8uNX+HOhRsXirj1A0zbWajVA4GTc84luSdMlTToeU/OzOzc/MLi0rK7srq2vlHa3Lo2SaYFNESiEt0MuQElY2igRAXNVAOPQgU34eB85N/cgjYyia8wT6Ed8V4su1JwtFJQqudBldZoHjB6QH1Qyl59kRjqYx+QB1W35hYG+2Ew9598UCp7FW8MOk1YQcqkwGVQevQ7icgiiFEobkyLeSm2h1yjFAruXD8zkHIx4D1oWRrzCEx7OF79ju5ZpUO7ibYnRjpWv08MeWRMHoU2GXHsm9/eSPzLa2XYPWkPZZxmCLGYPNTNFMWEjnqkHalBoMot4UJL+1cq+lxzgbbtUQns98rT5LpaYUcVVj8sn54VdSyRHbJL9gkjx+SUXJBL0iCC3JNn8krenAfnxXl3PibRGaeY2SY/4Hx+AUdyqP8=</latexit>

y2 = y1 � `2 cos ✓2 = �`1 cos ✓1 � `2 cos ✓2
<latexit sha1_base64="knRqiNCn2fbum80My9XMGaByInI="></latexit>

ẏ2 = ẏ1 + ✓̇2`2 sin ✓2 = ✓̇1`1 sin ✓1 + ✓̇2`2 sin ✓2
<latexit sha1_base64="g8tzsyrqe4wHK+3OhSehoY3nqlE="></latexit>

ÿ2 = ÿ1 + ✓̈2`2 sin ✓2 + ✓̇22`2 cos ✓2 = ✓̈1`1 sin ✓1 + ✓̇21`1 cos ✓1 + ✓̈2`2 sin ✓2 + ✓̇22`2 cos ✓2

<latexit sha1_base64="eYAgKqSiYd8jVtwyJdBmRglvFEY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2m3bpZhN2J0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xCzhfkSHSoSCUbTSQ9av9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/QnVKJjk01IvNTyhbEyHvGupohE3/mR+6pScWWVAwljbUkjm6u+JCY2MyaLAdkYUR2bZm4n/ed0Uw2t/IlSSIldssShMJcGYzP4mA6E5Q5lZQpkW9lbCRlRThjadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEQso2o</latexit>y2
<latexit sha1_base64="gGiPFGcKp6/1/QH9DHgsTY188rE=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ie0Q8mkmTY0mRmSO0IZ+hVuXCji1s9x59+YtrPQ1gOBwzn3kHtPkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUkS8iQIl7ySaUxVI3g7GtzO//cS1EXH0gJOE+4oOIxEKRtFKj71BjNlk2q/1yxW36s5BVomXkwrkaPTLXzbLUsUjZJIa0/XcBP2MahRM8mmplxqeUDamQ961NKKKGz+bLzwlZ1YZkDDW9kVI5urvREaVMRMV2ElFcWSWvZn4n9dNMbz2MxElKfKILT4KU0kwJrPryUBozlBOLKFMC7srYSOqKUPbUcmW4C2fvEpatap3WfXuLyr1m7yOIpzAKZyDB1dQhztoQBMYKHiGV3hztPPivDsfi9GCk2eO4Q+czx/vQZB/</latexit>

ẏ2
<latexit sha1_base64="iBRSr7ZMpp7ofNgrR23/ViT4uIA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae2oWw2m3bpZjfsboQQ+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbmd+94kqzaR4MFlC/RiPBIsYwcZKj4MwlCbPpsPGsFpz6+4caJV4BalBgdaw+jUIJUljKgzhWOu+5ybGz7EyjHA6rQxSTRNMJnhE+5YKHFPt5/OLp+jMKiGKpLIlDJqrvydyHGudxYHtjLEZ62VvJv7n9VMTXfs5E0lqqCCLRVHKkZFo9j4KmaLE8MwSTBSztyIyxgoTY0Oq2BC85ZdXSadR9y7r3v1FrXlTxFGGEziFc/DgCppwBy1oAwEBz/AKb452Xpx352PRWnKKmWP4A+fzB69QkO0=</latexit>

ÿ2

Dynamics:

Pendulum 1:

Pendulum 2:

<latexit sha1_base64="J1hKf1WtvG2/b8stnBAaERfPwjQ="></latexit>

0 = m2✓̈1`1 cos(✓2 � ✓1) +m2✓̇
2
1`1 sin(✓2 � ✓1) +m2✓̈2`2

<latexit sha1_base64="dCnpQu2/PDAFBCkyrV7ztqtH2pw="></latexit>

0 = (m1 +m2)✓̈1`1 +m2✓̈2`2 cos(✓2 � ✓1)�m2✓̇
2
2`2 sin(✓2 � ✓1) + sin ✓1(m1 +m2)g

<latexit sha1_base64="lW0IFH/1sWfVE590Ic/6I4bMbpg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0RH7egF48JmAckS5id9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFS/aZXKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVa8+kW5epvHUYBjOIEz8OAKqnAPNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/iLWMww==</latexit>

9

<latexit sha1_base64="OjlglPDn78yFljJdUJxBc91tkUM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB8/tlytu1Z2DrBIvJxXI0eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nr90Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhtZ8JlaTIFVssClNJMCazt8lAaM5QTiyhTAt7K2EjqilDG07JhuAtv7xKWhdVr1b17i8r9Zs8jiKcwCmcgwdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+wPn8AepqjPU=</latexit>

10

<latexit sha1_base64="l2Ugl02wXDnbzBSKXsioGAyh6Dw=">AAACD3icbVDLSgMxFL1TX7W+Rl26CRbFjWVGRN0IRUHcCBXsA9qxZNJMG5p5kGSEMswfuPFX3LhQxK1bd/6NmT5AWw8Ezj3nXnLvcSPOpLKsbyM3N7+wuJRfLqysrq1vmJtbNRnGgtAqCXkoGi6WlLOAVhVTnDYiQbHvclp3+5eZX3+gQrIwuFODiDo+7gbMYwQrLbXN/ZaPVc/1EpyiczQpbtL75NBOJ+VV2jaLVskaAs0Se0yKMEalbX61OiGJfRoowrGUTduKlJNgoRjhNC20YkkjTPq4S5uaBtin0kmG96RoTysd5IVCv0Chofp7IsG+lAPf1Z3ZhnLay8T/vGasvDMnYUEUKxqQ0UdezJEKURYO6jBBieIDTTARTO+KSA8LTJSOsKBDsKdPniW1o5J9UrJvj4vli3EcediBXTgAG06hDNdQgSoQeIRneIU348l4Md6Nj1FrzhjPbMMfGJ8//aucpA==</latexit>

a = M�1F

<latexit sha1_base64="vg8z73vZLD9idFyYoZ2KNthBrA4="></latexit>
(m1 +m2)`21 m2`2`1 cos(✓2 � ✓1)

m2`2`1 cos(✓2 � ✓1) m2`22

� <latexit sha1_base64="+KhRvj6q0fr2GXwQhG40spE5OW4=">AAACKXicbVDLSgMxFM34rPVVdekmWARXZaaIuiy6cVnBPqBTSiZz24ZmMkNyRyxDf8eNv+JGQVG3/ojpA9HWA4HDOfeQe0+QSGHQdT+cpeWV1bX13EZ+c2t7Z7ewt183cao51HgsY90MmAEpFNRQoIRmooFFgYRGMLga+4070EbE6haHCbQj1lOiKzhDK3UKFT+AnlBZEDHU4n5E/TCMMfOxD8hGHY/6/pxUpj6o8CfQKRTdkjsBXSTejBTJDNVO4cUPY55GoJBLZkzLcxNsZ0yj4BJGeT81kDA+YD1oWapYBKadTS4d0WOrhLQba/sU0on6O5GxyJhhFNhJu1/fzHtj8T+vlWL3op0JlaQIik8/6qaSYkzHtdFQaOAoh5YwroXdlfI+04yjLTdvS/DmT14k9XLJOyt5N6fFyuWsjhw5JEfkhHjknFTINamSGuHkgTyRV/LmPDrPzrvzOR1dcmaZA/IHztc343SoPg==</latexit>
✓̈1
✓̈2

� <latexit sha1_base64="ccMf1NPkQJVlXbCitVl9jvwZqG8="></latexit>
m2✓̇22`2`1 sin(✓2 � ✓1)� (m1 +m2)`1 sin ✓1g

�m2✓̇21`1`2 sin(✓2 � ✓1)

�
<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> ( <latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="cD4k4KNzpmj/EC8Ge0xqniELPZI=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiGzdCBfvAtpRMeqcNzWSGJCOUoX/hxoUibv0bd/6NmXYW2nogcDjnXnLu8WPBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpKFMMGi0Sk2j7VKLjEhuFGYDtWSENfYMsf32R+6wmV5pF8MJMYeyEdSh5wRo2VHrshNSM/SO+m/XLFrbozkGXi5aQCOer98ld3ELEkRGmYoFp3PDc2vZQqw5nAaambaIwpG9MhdiyVNETdS2eJp+TEKgMSRMo+achM/b2R0lDrSejbySyhXvQy8T+vk5jgqpdyGScGJZt/FCSCmIhk55MBV8iMmFhCmeI2K2EjqigztqSSLcFbPHmZNM+q3kXVuz+v1K7zOopwBMdwCh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxHC06+cwh/4Hz+AL3akPc=</latexit>

M
<latexit sha1_base64="Uj6nJ3AsEVHd4YV8iSLkuEEseJM=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EcRSEGZ32qzW37s5AlolXkBoUaParX71BzNKIK2SSGtP13AT9jGoUTPJppZcanlA2pkPetVTRiBs/myWekhOrDEgYa/sUkpn6eyOjkTGTKLCTeUKz6OXif143xfDKz4RKUuSKzT8KU0kwJvn5ZCA0ZygnllCmhc1K2IhqytCWVLEleIsnL5P2Wd27qHt357XGdVFHGY7gGE7Bg0towC00oQUMFDzDK7w5xnlx3p2P+WjJKXYO4Q+czx/cPpEL</latexit>a

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="sZ49ajG7bco8ZWSalhiKsP33yl4=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiIC4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4WV1bX1jeJmaWt7Z3evvH/Q1FGiGDZYJCLV9qlGwSU2DDcC27FCGvoCW/74JvNbT6g0j+SDmcTYC+lQ8oAzaqz02A2pGflBejvtlytu1Z2BLBMvJxXIUe+Xv7qDiCUhSsME1brjubHppVQZzgROS91EY0zZmA6xY6mkIepeOks8JSdWGZAgUvZJQ2bq742UhlpPQt9OZgn1opeJ/3mdxARXvZTLODEo2fyjIBHERCQ7nwy4QmbExBLKFLdZCRtRRZmxJZVsCd7iycukeVb1Lqre/Xmldp3XUYQjOIZT8OASanAHdWgAAwnP8ApvjnZenHfnYz5acPKdQ/gD5/MHszeQ8A==</latexit>

F

Dynamics…



Example: Double Pendulum Free Body Diagrams

<latexit sha1_base64="CXyspah+qlUUfPhmhiNSUkgAc9A=">AAACDHicbVDLSsNAFJ34rPVVdelmsAh1UxIRdSMU3bisYB/QhDKZTNuhM5mQuZGWkA9w46+4caGIWz/AnX/jtM1CWw8MHM499869x48E12Db39bS8srq2npho7i5tb2zW9rbb2qVxJQ1qBIqbvtEM8FD1gAOgrWjmBHpC9byhzeTeuuBxZqr8B7GEfMk6Ye8xykBI3VLZVcnErvARpBWesoM1SdZd4SvsFGDQEE6yozLrtpT4EXi5KSMctS7pS83UDSRLAQqiNYdx47AS0kMnAqWFd1Es4jQIemzjqEhkUx76fSYDB8bJcBmFfNCwFP1d0dKpNZj6RunJDDQ87WJ+F+tk0Dv0kt5GCXAQjr7qJcIDApPksEBjxkFMTaE0JibXTEdkJhQMPkVTQjO/MmLpHladc6rzt1ZuXadx1FAh+gIVZCDLlAN3aI6aiCKHtEzekVv1pP1Yr1bHzPrkpX3HKA/sD5/AEsPmyQ=</latexit>X
(forces)x = mẍ

<latexit sha1_base64="mjn7nTRDDhm42JZLxZ9V48LiSNk=">AAACDHicbVDLSsNAFJ3UV62vqks3g0Wom5KIqBuh6MZlBfuAJpTJZNIOnUxC5kYMIR/gxl9x40IRt36AO//GaZuFth4YOJx77p17jxsJrsA0v43S0vLK6lp5vbKxubW9U93d66gwiSlr01CEcc8ligkuWRs4CNaLYkYCV7CuO76e1Lv3LFY8lHeQRswJyFByn1MCWhpUa7ZKAmwDe4Cs7od6qDrOBym+xFr1vBCyNNcus2FOgReJVZAaKtAaVL9sL6RJwCRQQZTqW2YETkZi4FSwvGInikWEjsmQ9TWVJGDKyabH5PhIKx7Wq+gnAU/V3x0ZCZRKA1c7AwIjNV+biP/V+gn4F07GZZQAk3T2kZ8IDCGeJIM9HjMKItWE0JjrXTEdkZhQ0PlVdAjW/MmLpHPSsM4a1u1prXlVxFFGB+gQ1ZGFzlET3aAWaiOKHtEzekVvxpPxYrwbHzNrySh69tEfGJ8/TiWbJg==</latexit>X
(forces)y = mÿ

<latexit sha1_base64="zrA/+AvbFpMRjyQFA4ThWGGqOIs=">AAACEHicbVDLSgNBEJz1GeMr6tHLYBC9GHYXUS9CUBCPEcwDkrDMzk6SITM7y0yvEJZ8ghd/xYsHRbx69ObfOHkcNLGgoajqprsrTAQ34LrfzsLi0vLKam4tv76xubVd2NmtGZVqyqpUCaUbITFM8JhVgYNgjUQzIkPB6mH/euTXH5g2XMX3MEhYW5JuzDucErBSUDi6CXzcosrgFvQYkMA/kYHfxZdYjowoUpANhoEfFIpuyR0DzxNvSopoikpQ+GpFiqaSxUAFMabpuQm0M6KBU8GG+VZqWEJon3RZ09KYSGba2fihIT60SoQ7StuKAY/V3xMZkcYMZGg7JYGemfVG4n9eM4XORTvjcZICi+lkUScVGBQepYMjrhkFMbCEUM3trZj2iCYUbIZ5G4I3+/I8qfkl76zk3Z0Wy1fTOHJoHx2gY+Shc1RGt6iCqoiiR/SMXtGb8+S8OO/Ox6R1wZnO7KE/cD5/ALmtmyg=</latexit>

F2 cos ✓2 �m2g = m2ÿ2
<latexit sha1_base64="Haqd5X7tbdGa7OCN1du1HT6Ubuc=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ3lpki6kYoCuKygn1AW0omk7ahSWZI7ohl6Ae48VfcuFDErR/gzr8x085CWw8ETs45l+QePxLcgOt+OwuLS8srq7m1/PrG5tZ2YWe3bsJYU1ajoQh10yeGCa5YDTgI1ow0I9IXrOEPr1K/cc+04aG6g1HEOpL0Fe9xSsBK3ULx+Lpbxm3DFW7DgAGxtwssUy0IQkgext2yTbkldwI8T7yMFFGGarfw1Q5CGkumgApiTMtzI+gkRAOngo3z7diwiNAh6bOWpYpIZjrJZJkxPrRKgHuhtkcBnqi/JxIijRlJ3yYlgYGZ9VLxP68VQ++8k3AVxcAUnT7UiwWGEKfN4IBrRkGMLCFUc/tXTAdEEwq2v7wtwZtdeZ7UyyXvtOTdnhQrl1kdObSPDtAR8tAZqqAbVEU1RNEjekav6M15cl6cd+djGl1wspk99AfO5w/Zo5mf</latexit>

�F2 sin ✓2 = m2ẍ2

<latexit sha1_base64="BsmJER8hK0woJRQKOscjhe8JS9U=">AAACIHicbVDLSgMxFM34rPU16tJNsAiCWGaKWDdCUSguK9gHtGXIZNI2NJMZkjtiGfopbvwVNy4U0Z1+jeljYVsPBE7OOZfkHj8WXIPjfFtLyyura+uZjezm1vbOrr23X9NRoiir0khEquETzQSXrAocBGvEipHQF6zu929Gfv2BKc0jeQ+DmLVD0pW8wykBI3l28azsubilucQt6DEg5naKy15hRivgKxyOckEQQfo49FzPzjl5Zwy8SNwpyaEpKp791QoimoRMAhVE66brxNBOiQJOBRtmW4lmMaF90mVNQyUJmW6n4wWH+NgoAe5EyhwJeKz+nUhJqPUg9E0yJNDT895I/M9rJtC5bKdcxgkwSScPdRKBIcKjtnDAFaMgBoYQqrj5K6Y9oggF02nWlODOr7xIaoW8e5F3785zpetpHRl0iI7QCXJREZXQLaqgKqLoCb2gN/RuPVuv1of1OYkuWdOZAzQD6+cXKvagjg==</latexit>

�F1 sin ✓1 + F2 sin ✓2 = m1ẍ1

<latexit sha1_base64="IU3rOlXg+DPTbGWdLmcolf/mCRg=">AAACH3icbVDNSgMxGMzWv1r/qh69BIvgxbJbpHoRikLxWMHaQluWbDZtQ7ObJflWWJa+iRdfxYsHRcRb38a03YNtHQhMZuYj+caLBNdg2xMrt7a+sbmV3y7s7O7tHxQPj560jBVlTSqFVG2PaCZ4yJrAQbB2pBgJPMFa3uhu6reemdJcho+QRKwXkEHI+5wSMJJbrNZdB3ep1LgLQwbE3C5w3a0saBV8g4NpzvclpMnYddxiyS7bM+BV4mSkhDI03OJP15c0DlgIVBCtO44dQS8lCjgVbFzoxppFhI7IgHUMDUnAdC+d7TfGZ0bxcV8qc0LAM/XvREoCrZPAM8mAwFAve1PxP68TQ/+6l/IwioGFdP5QPxYYJJ6WhX2uGAWRGEKo4uavmA6JIhRMpQVTgrO88ip5qpSdatl5uCzVbrM68ugEnaJz5KArVEP3qIGaiKIX9IY+0Kf1ar1bX9b3PJqzspljtABr8gur2aBQ</latexit>

F1 cos ✓1 � F2 cos ✓2 = m1ÿ1

<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3
<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1
<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2

<latexit sha1_base64="Xh4Xc41jus8oyAFvcAsLe257fk4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDv1W09MG67kgx0nLIjJQPKIU2Kd1Byga4T9XrniV/0Z0DLBOalAjnqv/NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ+jEKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gkgsBL768TJpnVXxRxffnldpNHkcRjuAYTgHDJdTgDurQAAqP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwDbNo4B</latexit>

g = 10

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="l5q9WZht3sUz+jWYFI33L+hwNxs=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD7Jf65crXtWbA68SPycVyNHol796g5imkilLBTGm63uJDTKiLaeCTUu91LCE0DEZsq6jikhmgmx+6hSfOWWAo1i7UhbP1d8TGZHGTGToOiWxI7PszcT/vG5qo+sg4ypJLVN0sShKBbYxnv2NB1wzasXEEUI1d7diOiKaUOvSKbkQ/OWXV0mrVvUvq/79RaV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwD+W42c</latexit>m2

<latexit sha1_base64="XJnqmgh0ZkRIDqhReO6BqJpaHgI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRQSG6QbdU9iv+DGSZBDkpQ45at/TV6SmWJSgtE9SYduCnNhxTbTkTOCl2MoMpZUPax7ajkiZowvHs2gk5dUqPxEq7kpbM1N8TY5oYM0oi15lQOzCL3lT8z2tnNr4Ox1ymmUXJ5oviTBCryPR10uMamRUjRyjT3N1K2IBqyqwLqOhCCBZfXiaN80pwWQnuL8rVmzyOAhzDCZxBAFdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDNxSO5Q==</latexit>

`1

<latexit sha1_base64="84YYcP6z7eX/ASnqT1z/sHNFRsU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2k3btZhN2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6qEQ/Vq/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfu2UnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2OhlwhcyIiSWUKW5vJWxEFWXGBlSyIXjLL6+SVq3qXVa9+4tK/SaPowgncArn4MEV1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+ADiYjuY=</latexit>

`2
<latexit sha1_base64="jPKnWjh79y6GY27yQg2IGxpzCig=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGm/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjCQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QPQ44/T</latexit>

✓2

<latexit sha1_base64="HyLAePdg1n0g4TanfCNBWWXds+s=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrOt3yxWv6s3gLhM/JxXIUe+Wvzq9hGcxKuKSGdP2vZSCMdMkuMRJqZMZTBkfsj62LVUsRhOMZ/dO3BOr9Nwo0bYUuTP198SYxcaM4tB2xowGZtGbiv957Yyiq2AsVJoRKj5fFGXSpcSdPu/2hEZOcmQJ41rYW10+YJpxshGVbAj+4svLpHlW9S+q/t15pXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP89fj9I=</latexit>

✓1
<latexit sha1_base64="Xh4Xc41jus8oyAFvcAsLe257fk4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDv1W09MG67kgx0nLIjJQPKIU2Kd1Byga4T9XrniV/0Z0DLBOalAjnqv/NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ+jEKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gkgsBL768TJpnVXxRxffnldpNHkcRjuAYTgHDJdTgDurQAAqP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwDbNo4B</latexit>

g = 10

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="XJnqmgh0ZkRIDqhReO6BqJpaHgI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRQSG6QbdU9iv+DGSZBDkpQ45at/TV6SmWJSgtE9SYduCnNhxTbTkTOCl2MoMpZUPax7ajkiZowvHs2gk5dUqPxEq7kpbM1N8TY5oYM0oi15lQOzCL3lT8z2tnNr4Ox1ymmUXJ5oviTBCryPR10uMamRUjRyjT3N1K2IBqyqwLqOhCCBZfXiaN80pwWQnuL8rVmzyOAhzDCZxBAFdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDNxSO5Q==</latexit>

`1
<latexit sha1_base64="HyLAePdg1n0g4TanfCNBWWXds+s=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrOt3yxWv6s3gLhM/JxXIUe+Wvzq9hGcxKuKSGdP2vZSCMdMkuMRJqZMZTBkfsj62LVUsRhOMZ/dO3BOr9Nwo0bYUuTP198SYxcaM4tB2xowGZtGbiv957Yyiq2AsVJoRKj5fFGXSpcSdPu/2hEZOcmQJ41rYW10+YJpxshGVbAj+4svLpHlW9S+q/t15pXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP89fj9I=</latexit>

✓1
<latexit sha1_base64="l5q9WZht3sUz+jWYFI33L+hwNxs=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD7Jf65crXtWbA68SPycVyNHol796g5imkilLBTGm63uJDTKiLaeCTUu91LCE0DEZsq6jikhmgmx+6hSfOWWAo1i7UhbP1d8TGZHGTGToOiWxI7PszcT/vG5qo+sg4ypJLVN0sShKBbYxnv2NB1wzasXEEUI1d7diOiKaUOvSKbkQ/OWXV0mrVvUvq/79RaV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwD+W42c</latexit>m2

<latexit sha1_base64="84YYcP6z7eX/ASnqT1z/sHNFRsU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2k3btZhN2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6qEQ/Vq/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfu2UnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2OhlwhcyIiSWUKW5vJWxEFWXGBlSyIXjLL6+SVq3qXVa9+4tK/SaPowgncArn4MEV1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+ADiYjuY=</latexit>

`2
<latexit sha1_base64="jPKnWjh79y6GY27yQg2IGxpzCig=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGm/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjCQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QPQ44/T</latexit>

✓2

<latexit sha1_base64="jPKnWjh79y6GY27yQg2IGxpzCig=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGm/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjCQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QPQ44/T</latexit>

✓2

<latexit sha1_base64="Pq8Y5lpI1WrAkKy2RY8QNCh0YLU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPBbY10</latexit>

F1

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="zCz39/UIPWSCc2GsZX4DvhemZTw=">AAAB7HicbVBNSwMxEJ34WetX1aOXYBE8ld0i6rHoxWMFty20S8mm2TY0yS5JVihLf4MXD4p49Qd589+YtnvQ1gcDj/dmmJkXpYIb63nfaG19Y3Nru7RT3t3bPzisHB23TJJpygKaiER3ImKY4IoFllvBOqlmREaCtaPx3cxvPzFteKIe7SRloSRDxWNOiXVSIPt1POxXql7NmwOvEr8gVSjQ7Fe+eoOEZpIpSwUxput7qQ1zoi2ngk3LvcywlNAxGbKuo4pIZsJ8fuwUnztlgONEu1IWz9XfEzmRxkxk5DolsSOz7M3E/7xuZuObMOcqzSxTdLEozgS2CZ59jgdcM2rFxBFCNXe3YjoimlDr8im7EPzll1dJq17zr2r+w2W1cVvEUYJTOIML8OEaGnAPTQiAAodneIU3pNALekcfi9Y1VMycwB+gzx8XA443</latexit>m2g<latexit sha1_base64="FtLDB/g5KAYxuXJvSv+yL1+Zzd0=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V3LbQLiWbZtvQJLskWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUMkmmKQtoIhLdiYhhgisWWG4F66SaERkJ1o7GdzO//cS04Yl6tJOUhZIMFY85JdZJgexjNOxXa37dnwOtElyQGhRo9qtfvUFCM8mUpYIY08V+asOcaMupYNNKLzMsJXRMhqzrqCKSmTCfHztFZ04ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fgmzLlKM8sUXSyKM4FsgmafowHXjFoxcYRQzd2tiI6IJtS6fCouBLz88ippXdTxVR0/XNYat0UcZTiBUzgHDNfQgHtoQgAUODzDK7x5ynvx3r2PRWvJK2aO4Q+8zx8VfY42</latexit>m1g

<latexit sha1_base64="I7WLphtYaFSfmfi8WpFuaYy9pfo=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4MaSEVE3QtGNywr2AW0Ik8mkHTqThJmJUEI2/oobF4q49TPc+TdO2iy09cDlHs65l5l7/IQzpR3n26osLa+srlXXaxubW9s79u5eR8WpJLRNYh7Lno8V5Syibc00p71EUix8Trv++Lbwu49UKhZHD3qSUFfgYcRCRrA2kmcfnAoPwSG8hkUfBEGss0nuIc+uOw1nCrhIUEnqoETLs78GQUxSQSNNOFaqj5xEuxmWmhFO89ogVTTBZIyHtG9ohAVVbjY9IIfHRglgGEtTkYZT9fdGhoVSE+GbSYH1SM17hfif1091eOVmLEpSTSMyeyhMOdQxLNKAAZOUaD4xBBPJzF8hGWGJiTaZ1UwIaP7kRdI5a6CLBro/rzdvyjiq4BAcgROAwCVogjvQAm1AQA6ewSt4s56sF+vd+piNVqxyZx/8gfX5AztXlOo=</latexit>�m1g = m1ÿ1

Example: Double Pendulum

Pendulum 1

Kinematics

<latexit sha1_base64="b91MtPjv3k5SMwf3uxdltwMmwC0=">AAACA3icbZA9SwNBEIb3/IzxK2qnzWIQrMKdiNoIQRvLCOYDcuHY20ySJXt7x+6cGELAxr9iY6GIrX/Czn/jJrlCE19YeHhnhtl5w0QKg6777SwsLi2vrObW8usbm1vbhZ3dmolTzaHKYxnrRsgMSKGgigIlNBINLAol1MP+9bhevwdtRKzucJBAK2JdJTqCM7RWUNh/CDx6SX2Q0oJvhKI+9gBZ4AWFoltyJ6Lz4GVQJJkqQeHLb8c8jUAhl8yYpucm2BoyjYJLGOX91EDCeJ91oWlRsQhMazi5YUSPrNOmnVjbp5BO3N8TQxYZM4hC2xkx7JnZ2tj8r9ZMsXPRGgqVpAiKTxd1UkkxpuNAaFto4CgHFhjXwv6V8h7TjKONLW9D8GZPnofaSck7K3m3p8XyVRZHjhyQQ3JMPHJOyuSGVEiVcPJInskreXOenBfn3fmYti442cwe+SPn8wey3ZZL</latexit>

x1 = `1 sin ✓1
<latexit sha1_base64="33x7SWt1T0746KjqvMuDOO4nOu8=">AAACF3icbZDLSgMxFIYz9VbrbdSlm2ARXJUZEXUjFN24rGAv0BmGTHrahmYuJGfEMvQt3Pgqblwo4lZ3vo3pZaGtPwR+vnNOkvOHqRQaHefbKiwtr6yuFddLG5tb2zv27l5DJ5niUOeJTFQrZBqkiKGOAiW0UgUsCiU0w8H1uN68B6VFEt/hMAU/Yr1YdAVnaFBgV7xOgvnDKHDpJZ14D/uAzAAPpDTY44mmUxi4gV12Ks5EdNG4M1MmM9UC+8tcyrMIYuSSad12nRT9nCkUXMKo5GUaUsYHrAdtY2MWgfbzyV4jemRIh3YTZU6MdEJ/T+Qs0noYhaYzYtjX87Ux/K/WzrB74eciTjOEmE8f6maSYkLHIdGOUMBRDo1hXAnzV8r7TDGOJsqSCcGdX3nRNE4q7lnFvT0tV69mcRTJATkkx8Ql56RKbkiN1Aknj+SZvJI368l6sd6tj2lrwZrN7JM/sj5/ACQHn0Y=</latexit>

ẋ1 = ✓̇1`1 cos ✓1
<latexit sha1_base64="b5QqzMnHoZlItMhUDmrlZShv2V4="></latexit>

ẍ1 = ✓̈1`1 cos ✓1 � ✓̇21`1 sin ✓1

<latexit sha1_base64="QdJfu+QQmc/TByfZvRaz27bmZZI=">AAACBHicbZC7SgNBFIZnvcZ4i1qmGQyCjWFXRG2EoI1lBHOB7LLMTs4mQ2YvzJwVwpLCxlexsVDE1oew822cXApN/GHg4z/ncOb8QSqFRtv+tpaWV1bX1gsbxc2t7Z3d0t5+UyeZ4tDgiUxUO2AapIihgQIltFMFLAoktILBzbjeegClRRLf4zAFL2K9WISCMzSWXyoPfYde0RMXpDTk8kRTF/uAzHf8UsWu2hPRRXBmUCEz1f3Sl9tNeBZBjFwyrTuOnaKXM4WCSxgV3UxDyviA9aBjMGYRaC+fHDGiR8bp0jBR5sVIJ+7viZxFWg+jwHRGDPt6vjY2/6t1MgwvvVzEaYYQ8+miMJMUEzpOhHaFAo5yaIBxJcxfKe8zxTia3IomBGf+5EVonlad86pzd1apXc/iKJAyOSTHxCEXpEZuSZ00CCeP5Jm8kjfryXqx3q2PaeuSNZs5IH9kff4AGyGWfg==</latexit>

y1 = �`1 cos ✓1
<latexit sha1_base64="JgMlWX7JClb1aCavr+kLpNHPkUI=">AAACF3icbZDLSgMxFIYzXmu9VV26CRbBVZkRUTdC0Y3LCvYCnTJk0tM2NJMZkjNCGfoWbnwVNy4Ucas738Z02oW2/hD4+c45Sc4fJlIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e03TJxqDnUey1i3QmZACgV1FCihlWhgUSihGQ5vJvXmA2gjYnWPowQ6Eesr0ROcoUVBqeJ3Y8xG48CjVzT3Pg4AmQU+SGmxb4SiUxh4QansVtxcdNF4M1MmM9WC0pe9lKcRKOSSGdP23AQ7GdMouIRx0U8NJIwPWR/a1ioWgelk+V5jemxJl/ZibY9CmtPfExmLjBlFoe2MGA7MfG0C/6u1U+xddjKhkhRB8elDvVRSjOkkJNoVGjjKkTWMa2H/SvmAacbRRlm0IXjzKy+axmnFO694d2fl6vUsjgI5JEfkhHjkglTJLamROuHkkTyTV/LmPDkvzrvzMW1dcmYzB+SPnM8fLY6fTA==</latexit>

ẏ1 = ✓̇1`1 sin ✓1
<latexit sha1_base64="Yf7pQoQOjenUzZvouCg367tWgKU="></latexit>

ÿ1 = ✓̈1`1 sin ✓1 + ✓̇21`1 cos ✓1

Pendulum 2

<latexit sha1_base64="K9fvqbgybxdrllPV5ZrwetBejtQ="></latexit>

ẋ2 = ẋ1 + ✓̇2`2 cos ✓2 = ✓̇1`1 cos ✓1 + ✓̇2`2 cos ✓2
<latexit sha1_base64="H3YF/5a2a132c8cgK1UAoHTkvnQ="></latexit>

ẍ2 = ẍ1 + ✓̈2`2 cos ✓2 � ✓̇22`2 sin ✓2 = ✓̈1`1 cos ✓1 � ✓̇21`1 sin ✓1 + ✓̈2`2 cos ✓2 � ✓̇22`2 sin ✓2

<latexit sha1_base64="4nkBlwGS7tGivGNQDhdYS75n8wo=">AAACNXicdZDLSgMxFIYzXmu9jbp0EyyCIJQZEXUjFN24cFHBqtApQyY9tcFMZkjOSEvpS7nxPVzpwoUibn0F0+ksvB4I/Pn+c0jOH6VSGPS8J2dicmp6ZrY0V55fWFxadldWL0ySaQ4NnshEX0XMgBQKGihQwlWqgcWRhMvo5njkX96CNiJR59hPoRWzayU6gjO0KHRPe+EOPaS90KfbNAAp7TUwQgXYBWS5l1M/p7TA/zSHbsWrennR38IvRIUUVQ/dh6Cd8CwGhVwyY5q+l2JrwDQKLmFYDjIDKeM37BqaVioWg2kN8q2HdNOSNu0k2h6FNKdfJwYsNqYfR7YzZtg1P70R/MtrZtg5aA2ESjMExccPdTJJMaGjCGlbaOAo+1YwroX9K+VdphlHG3TZhuD/XPm3uNip+ntV/2y3Ujsq4iiRdbJBtohP9kmNnJA6aRBO7sgjeSGvzr3z7Lw57+PWCaeYWSPfyvn4BMMFqIE=</latexit>

x2 = x1 + `2 sin ✓2 = `1 sin ✓1 + `2 sin ✓2
<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="MI4iaa9t3elN9cdAdp9GIeCMAnU=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoxmUF+5B2KJk004YmM0NyRyxDv8KNC0Xc+jnu/BvTdhbaeiBwOOcecu8JEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FBFvoEDJ24nmVAWSt4LRzdRvPXJtRBzd4zjhvqKDSISCUbTSQ7cfY/Y06VV7pbJbcWcgy8TLSRly1HulL5tlqeIRMkmN6Xhugn5GNQom+aTYTQ1PKBvRAe9YGlHFjZ/NFp6QU6v0SRhr+yIkM/V3IqPKmLEK7KSiODSL3lT8z+ukGF75mYiSFHnE5h+FqSQYk+n1pC80ZyjHllCmhd2VsCHVlKHtqGhL8BZPXibNasW7qHh35+XadV5HAY7hBM7Ag0uowS3UoQEMFDzDK7w52nlx3p2P+eiKk2eO4A+czx/tupB+</latexit>

ẋ2
<latexit sha1_base64="3U6RacfBcHiqY8SKzRIiMyV21z0=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE8laSIeix68VjBfmBbymazaZdudsPuRCyh/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLEsENet63s7K6tr6xWdgqbu/s7u2XDg6bRqWasgZVQul2QAwTXLIGchSsnWhG4kCwVjC6mfqtR6YNV/IexwnrxWQgecQpQSs9dMNQYfY06Vf7pbJX8WZwl4mfkzLkqPdLX91Q0TRmEqkgxnR8L8FeRjRyKtik2E0NSwgdkQHrWCpJzEwvm108cU+tErqR0rYkujP190RGYmPGcWA7Y4JDs+hNxf+8TorRVS/jMkmRSTpfFKXCReVO33dDrhlFMbaEUM3trS4dEk0o2pCKNgR/8eVl0qxW/IuKf3derl3ncRTgGE7gDHy4hBrcQh0aQEHCM7zCm2OcF+fd+Zi3rjj5zBH8gfP5A63JkOw=</latexit>

ẍ2

<latexit sha1_base64="rD/K3R7nRe/VP/0rUdW1BEbPSTk=">AAACOnicdVDLSgMxFM34dnxVXboJFsGNZVJE3RRENy4tWC10ypBJb9vQzIPkjjAUv8uNX+HOhRsXirj1A0zbWajVA4GTc84luSdMlTToeU/OzOzc/MLi0rK7srq2vlHa3Lo2SaYFNESiEt0MuQElY2igRAXNVAOPQgU34eB85N/cgjYyia8wT6Ed8V4su1JwtFJQqudBldZoHjB6QH1Qyl59kRjqYx+QB1W35hYG+2Ew9598UCp7FW8MOk1YQcqkwGVQevQ7icgiiFEobkyLeSm2h1yjFAruXD8zkHIx4D1oWRrzCEx7OF79ju5ZpUO7ibYnRjpWv08MeWRMHoU2GXHsm9/eSPzLa2XYPWkPZZxmCLGYPNTNFMWEjnqkHalBoMot4UJL+1cq+lxzgbbtUQns98rT5LpaYUcVVj8sn54VdSyRHbJL9gkjx+SUXJBL0iCC3JNn8krenAfnxXl3PibRGaeY2SY/4Hx+AUdyqP8=</latexit>

y2 = y1 � `2 cos ✓2 = �`1 cos ✓1 � `2 cos ✓2
<latexit sha1_base64="knRqiNCn2fbum80My9XMGaByInI="></latexit>

ẏ2 = ẏ1 + ✓̇2`2 sin ✓2 = ✓̇1`1 sin ✓1 + ✓̇2`2 sin ✓2
<latexit sha1_base64="g8tzsyrqe4wHK+3OhSehoY3nqlE="></latexit>

ÿ2 = ÿ1 + ✓̈2`2 sin ✓2 + ✓̇22`2 cos ✓2 = ✓̈1`1 sin ✓1 + ✓̇21`1 cos ✓1 + ✓̈2`2 sin ✓2 + ✓̇22`2 cos ✓2

<latexit sha1_base64="eYAgKqSiYd8jVtwyJdBmRglvFEY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2m3bpZhN2J0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xCzhfkSHSoSCUbTSQ9av9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/QnVKJjk01IvNTyhbEyHvGupohE3/mR+6pScWWVAwljbUkjm6u+JCY2MyaLAdkYUR2bZm4n/ed0Uw2t/IlSSIldssShMJcGYzP4mA6E5Q5lZQpkW9lbCRlRThjadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEQso2o</latexit>y2
<latexit sha1_base64="gGiPFGcKp6/1/QH9DHgsTY188rE=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ie0Q8mkmTY0mRmSO0IZ+hVuXCji1s9x59+YtrPQ1gOBwzn3kHtPkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUkS8iQIl7ySaUxVI3g7GtzO//cS1EXH0gJOE+4oOIxEKRtFKj71BjNlk2q/1yxW36s5BVomXkwrkaPTLXzbLUsUjZJIa0/XcBP2MahRM8mmplxqeUDamQ961NKKKGz+bLzwlZ1YZkDDW9kVI5urvREaVMRMV2ElFcWSWvZn4n9dNMbz2MxElKfKILT4KU0kwJrPryUBozlBOLKFMC7srYSOqKUPbUcmW4C2fvEpatap3WfXuLyr1m7yOIpzAKZyDB1dQhztoQBMYKHiGV3hztPPivDsfi9GCk2eO4Q+czx/vQZB/</latexit>

ẏ2
<latexit sha1_base64="iBRSr7ZMpp7ofNgrR23/ViT4uIA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae2oWw2m3bpZjfsboQQ+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbmd+94kqzaR4MFlC/RiPBIsYwcZKj4MwlCbPpsPGsFpz6+4caJV4BalBgdaw+jUIJUljKgzhWOu+5ybGz7EyjHA6rQxSTRNMJnhE+5YKHFPt5/OLp+jMKiGKpLIlDJqrvydyHGudxYHtjLEZ62VvJv7n9VMTXfs5E0lqqCCLRVHKkZFo9j4KmaLE8MwSTBSztyIyxgoTY0Oq2BC85ZdXSadR9y7r3v1FrXlTxFGGEziFc/DgCppwBy1oAwEBz/AKb452Xpx352PRWnKKmWP4A+fzB69QkO0=</latexit>

ÿ2

Dynamics:

Pendulum 1:

Pendulum 2:

<latexit sha1_base64="oYpzKOEU7uBM8E6EQg7MRDVsb8M="></latexit>

z =

2

664

✓1
✓2
✓̇1
✓̇2

3

775

Dynamics…
<latexit sha1_base64="l2Ugl02wXDnbzBSKXsioGAyh6Dw=">AAACD3icbVDLSgMxFL1TX7W+Rl26CRbFjWVGRN0IRUHcCBXsA9qxZNJMG5p5kGSEMswfuPFX3LhQxK1bd/6NmT5AWw8Ezj3nXnLvcSPOpLKsbyM3N7+wuJRfLqysrq1vmJtbNRnGgtAqCXkoGi6WlLOAVhVTnDYiQbHvclp3+5eZX3+gQrIwuFODiDo+7gbMYwQrLbXN/ZaPVc/1EpyiczQpbtL75NBOJ+VV2jaLVskaAs0Se0yKMEalbX61OiGJfRoowrGUTduKlJNgoRjhNC20YkkjTPq4S5uaBtin0kmG96RoTysd5IVCv0Chofp7IsG+lAPf1Z3ZhnLay8T/vGasvDMnYUEUKxqQ0UdezJEKURYO6jBBieIDTTARTO+KSA8LTJSOsKBDsKdPniW1o5J9UrJvj4vli3EcediBXTgAG06hDNdQgSoQeIRneIU348l4Md6Nj1FrzhjPbMMfGJ8//aucpA==</latexit>

a = M�1F
<latexit sha1_base64="vg8z73vZLD9idFyYoZ2KNthBrA4="></latexit>

(m1 +m2)`21 m2`2`1 cos(✓2 � ✓1)
m2`2`1 cos(✓2 � ✓1) m2`22

� <latexit sha1_base64="+KhRvj6q0fr2GXwQhG40spE5OW4=">AAACKXicbVDLSgMxFM34rPVVdekmWARXZaaIuiy6cVnBPqBTSiZz24ZmMkNyRyxDf8eNv+JGQVG3/ojpA9HWA4HDOfeQe0+QSGHQdT+cpeWV1bX13EZ+c2t7Z7ewt183cao51HgsY90MmAEpFNRQoIRmooFFgYRGMLga+4070EbE6haHCbQj1lOiKzhDK3UKFT+AnlBZEDHU4n5E/TCMMfOxD8hGHY/6/pxUpj6o8CfQKRTdkjsBXSTejBTJDNVO4cUPY55GoJBLZkzLcxNsZ0yj4BJGeT81kDA+YD1oWapYBKadTS4d0WOrhLQba/sU0on6O5GxyJhhFNhJu1/fzHtj8T+vlWL3op0JlaQIik8/6qaSYkzHtdFQaOAoh5YwroXdlfI+04yjLTdvS/DmT14k9XLJOyt5N6fFyuWsjhw5JEfkhHjknFTINamSGuHkgTyRV/LmPDrPzrvzOR1dcmaZA/IHztc343SoPg==</latexit>
✓̈1
✓̈2

� <latexit sha1_base64="ccMf1NPkQJVlXbCitVl9jvwZqG8="></latexit>
m2✓̇22`2`1 sin(✓2 � ✓1)� (m1 +m2)`1 sin ✓1g

�m2✓̇21`1`2 sin(✓2 � ✓1)

�
<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> ( <latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="cD4k4KNzpmj/EC8Ge0xqniELPZI=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiGzdCBfvAtpRMeqcNzWSGJCOUoX/hxoUibv0bd/6NmXYW2nogcDjnXnLu8WPBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpKFMMGi0Sk2j7VKLjEhuFGYDtWSENfYMsf32R+6wmV5pF8MJMYeyEdSh5wRo2VHrshNSM/SO+m/XLFrbozkGXi5aQCOer98ld3ELEkRGmYoFp3PDc2vZQqw5nAaambaIwpG9MhdiyVNETdS2eJp+TEKgMSRMo+achM/b2R0lDrSejbySyhXvQy8T+vk5jgqpdyGScGJZt/FCSCmIhk55MBV8iMmFhCmeI2K2EjqigztqSSLcFbPHmZNM+q3kXVuz+v1K7zOopwBMdwCh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxHC06+cwh/4Hz+AL3akPc=</latexit>

M
<latexit sha1_base64="Uj6nJ3AsEVHd4YV8iSLkuEEseJM=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EcRSEGZ32qzW37s5AlolXkBoUaParX71BzNKIK2SSGtP13AT9jGoUTPJppZcanlA2pkPetVTRiBs/myWekhOrDEgYa/sUkpn6eyOjkTGTKLCTeUKz6OXif143xfDKz4RKUuSKzT8KU0kwJvn5ZCA0ZygnllCmhc1K2IhqytCWVLEleIsnL5P2Wd27qHt357XGdVFHGY7gGE7Bg0towC00oQUMFDzDK7w5xnlx3p2P+WjJKXYO4Q+czx/cPpEL</latexit>a

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="sZ49ajG7bco8ZWSalhiKsP33yl4=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiIC4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4WV1bX1jeJmaWt7Z3evvH/Q1FGiGDZYJCLV9qlGwSU2DDcC27FCGvoCW/74JvNbT6g0j+SDmcTYC+lQ8oAzaqz02A2pGflBejvtlytu1Z2BLBMvJxXIUe+Xv7qDiCUhSsME1brjubHppVQZzgROS91EY0zZmA6xY6mkIepeOks8JSdWGZAgUvZJQ2bq742UhlpPQt9OZgn1opeJ/3mdxARXvZTLODEo2fyjIBHERCQ7nwy4QmbExBLKFLdZCRtRRZmxJZVsCd7iycukeVb1Lqre/Xmldp3XUYQjOIZT8OASanAHdWgAAwnP8ApvjnZenHfnYz5acPKdQ/gD5/MHszeQ8A==</latexit>

F

For linearization…

00

<latexit sha1_base64="P/RpPJJglcINGRWdhWm0xSduyG0="></latexit>h
@M�1

@✓1
F @M�1

@✓2
F @M�1

@✓̇1
F @M�1

@✓̇2
F
i
+M�1 @F

@z

<latexit sha1_base64="dDHmhDxI9jZj3R0SEpDljDCN5pU=">AAACEHicbVDLSsNAFL3xWeMr6tLNYBFdlUREXRbduKxgH9CEMplO2qGTBzMToYZ8ght/xY0LRdy6dOffOGkDauuBgcM599659/gJZ1LZ9pexsLi0vLJaWTPXNza3tq2d3ZaMU0Fok8Q8Fh0fS8pZRJuKKU47iaA49Dlt+6Orwm/fUSFZHN2qcUK9EA8iFjCClZZ61pHpBgKTzE2wUAxz5IZYDf0gw3n+I97nPatq1+wJ0DxxSlKFEo2e9en2Y5KGNFKEYym7jp0oLysGEk5z000lTTAZ4QHtahrhkEovmxyUo0Ot9FEQC/0ihSbq744Mh1KOQ19XFuvKWa8Q//O6qQouvIxFSapoRKYfBSlHKkZFOqjPBCWKjzXBRDC9KyJDrANSOkNTh+DMnjxPWic156zm3JxW65dlHBXYhwM4BgfOoQ7X0IAmEHiAJ3iBV+PReDbejPdp6YJR9uzBHxgf358enZw=</latexit>

@a

@z

<latexit sha1_base64="KJk6aJ9rfd/3nEin2NF3JYzxG1o=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlQQ7ZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fANBxZoI</latexit>

@f

@z
=

<latexit sha1_base64="mx4qVJAfxmpPOR+wb3ZVss54bDw="></latexit>

�
h
M�1 @M

@✓1
M�1F M�1 @M

@✓2
M�1F M�1 @M

@✓̇1
M�1F M�1 @M

@✓̇2
M�1F

i
+M�1 @F

@z

<latexit sha1_base64="dDHmhDxI9jZj3R0SEpDljDCN5pU=">AAACEHicbVDLSsNAFL3xWeMr6tLNYBFdlUREXRbduKxgH9CEMplO2qGTBzMToYZ8ght/xY0LRdy6dOffOGkDauuBgcM599659/gJZ1LZ9pexsLi0vLJaWTPXNza3tq2d3ZaMU0Fok8Q8Fh0fS8pZRJuKKU47iaA49Dlt+6Orwm/fUSFZHN2qcUK9EA8iFjCClZZ61pHpBgKTzE2wUAxz5IZYDf0gw3n+I97nPatq1+wJ0DxxSlKFEo2e9en2Y5KGNFKEYym7jp0oLysGEk5z000lTTAZ4QHtahrhkEovmxyUo0Ot9FEQC/0ihSbq744Mh1KOQ19XFuvKWa8Q//O6qQouvIxFSapoRKYfBSlHKkZFOqjPBCWKjzXBRDC9KyJDrANSOkNTh+DMnjxPWic156zm3JxW65dlHBXYhwM4BgfOoQ7X0IAmEHiAJ3iBV+PReDbejPdp6YJR9uzBHxgf358enZw=</latexit>

@a

@z

<latexit sha1_base64="KJk6aJ9rfd/3nEin2NF3JYzxG1o=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlQQ7ZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fANBxZoI</latexit>

@f

@z
=



Example: Double Pendulum Free Body Diagrams

<latexit sha1_base64="CXyspah+qlUUfPhmhiNSUkgAc9A=">AAACDHicbVDLSsNAFJ34rPVVdelmsAh1UxIRdSMU3bisYB/QhDKZTNuhM5mQuZGWkA9w46+4caGIWz/AnX/jtM1CWw8MHM499869x48E12Db39bS8srq2npho7i5tb2zW9rbb2qVxJQ1qBIqbvtEM8FD1gAOgrWjmBHpC9byhzeTeuuBxZqr8B7GEfMk6Ye8xykBI3VLZVcnErvARpBWesoM1SdZd4SvsFGDQEE6yozLrtpT4EXi5KSMctS7pS83UDSRLAQqiNYdx47AS0kMnAqWFd1Es4jQIemzjqEhkUx76fSYDB8bJcBmFfNCwFP1d0dKpNZj6RunJDDQ87WJ+F+tk0Dv0kt5GCXAQjr7qJcIDApPksEBjxkFMTaE0JibXTEdkJhQMPkVTQjO/MmLpHladc6rzt1ZuXadx1FAh+gIVZCDLlAN3aI6aiCKHtEzekVv1pP1Yr1bHzPrkpX3HKA/sD5/AEsPmyQ=</latexit>X
(forces)x = mẍ

<latexit sha1_base64="mjn7nTRDDhm42JZLxZ9V48LiSNk=">AAACDHicbVDLSsNAFJ3UV62vqks3g0Wom5KIqBuh6MZlBfuAJpTJZNIOnUxC5kYMIR/gxl9x40IRt36AO//GaZuFth4YOJx77p17jxsJrsA0v43S0vLK6lp5vbKxubW9U93d66gwiSlr01CEcc8ligkuWRs4CNaLYkYCV7CuO76e1Lv3LFY8lHeQRswJyFByn1MCWhpUa7ZKAmwDe4Cs7od6qDrOBym+xFr1vBCyNNcus2FOgReJVZAaKtAaVL9sL6RJwCRQQZTqW2YETkZi4FSwvGInikWEjsmQ9TWVJGDKyabH5PhIKx7Wq+gnAU/V3x0ZCZRKA1c7AwIjNV+biP/V+gn4F07GZZQAk3T2kZ8IDCGeJIM9HjMKItWE0JjrXTEdkZhQ0PlVdAjW/MmLpHPSsM4a1u1prXlVxFFGB+gQ1ZGFzlET3aAWaiOKHtEzekVvxpPxYrwbHzNrySh69tEfGJ8/TiWbJg==</latexit>X
(forces)y = mÿ

<latexit sha1_base64="zrA/+AvbFpMRjyQFA4ThWGGqOIs=">AAACEHicbVDLSgNBEJz1GeMr6tHLYBC9GHYXUS9CUBCPEcwDkrDMzk6SITM7y0yvEJZ8ghd/xYsHRbx69ObfOHkcNLGgoajqprsrTAQ34LrfzsLi0vLKam4tv76xubVd2NmtGZVqyqpUCaUbITFM8JhVgYNgjUQzIkPB6mH/euTXH5g2XMX3MEhYW5JuzDucErBSUDi6CXzcosrgFvQYkMA/kYHfxZdYjowoUpANhoEfFIpuyR0DzxNvSopoikpQ+GpFiqaSxUAFMabpuQm0M6KBU8GG+VZqWEJon3RZ09KYSGba2fihIT60SoQ7StuKAY/V3xMZkcYMZGg7JYGemfVG4n9eM4XORTvjcZICi+lkUScVGBQepYMjrhkFMbCEUM3trZj2iCYUbIZ5G4I3+/I8qfkl76zk3Z0Wy1fTOHJoHx2gY+Shc1RGt6iCqoiiR/SMXtGb8+S8OO/Ox6R1wZnO7KE/cD5/ALmtmyg=</latexit>

F2 cos ✓2 �m2g = m2ÿ2
<latexit sha1_base64="Haqd5X7tbdGa7OCN1du1HT6Ubuc=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ3lpki6kYoCuKygn1AW0omk7ahSWZI7ohl6Ae48VfcuFDErR/gzr8x085CWw8ETs45l+QePxLcgOt+OwuLS8srq7m1/PrG5tZ2YWe3bsJYU1ajoQh10yeGCa5YDTgI1ow0I9IXrOEPr1K/cc+04aG6g1HEOpL0Fe9xSsBK3ULx+Lpbxm3DFW7DgAGxtwssUy0IQkgext2yTbkldwI8T7yMFFGGarfw1Q5CGkumgApiTMtzI+gkRAOngo3z7diwiNAh6bOWpYpIZjrJZJkxPrRKgHuhtkcBnqi/JxIijRlJ3yYlgYGZ9VLxP68VQ++8k3AVxcAUnT7UiwWGEKfN4IBrRkGMLCFUc/tXTAdEEwq2v7wtwZtdeZ7UyyXvtOTdnhQrl1kdObSPDtAR8tAZqqAbVEU1RNEjekav6M15cl6cd+djGl1wspk99AfO5w/Zo5mf</latexit>

�F2 sin ✓2 = m2ẍ2

<latexit sha1_base64="BsmJER8hK0woJRQKOscjhe8JS9U=">AAACIHicbVDLSgMxFM34rPU16tJNsAiCWGaKWDdCUSguK9gHtGXIZNI2NJMZkjtiGfopbvwVNy4U0Z1+jeljYVsPBE7OOZfkHj8WXIPjfFtLyyura+uZjezm1vbOrr23X9NRoiir0khEquETzQSXrAocBGvEipHQF6zu929Gfv2BKc0jeQ+DmLVD0pW8wykBI3l28azsubilucQt6DEg5naKy15hRivgKxyOckEQQfo49FzPzjl5Zwy8SNwpyaEpKp791QoimoRMAhVE66brxNBOiQJOBRtmW4lmMaF90mVNQyUJmW6n4wWH+NgoAe5EyhwJeKz+nUhJqPUg9E0yJNDT895I/M9rJtC5bKdcxgkwSScPdRKBIcKjtnDAFaMgBoYQqrj5K6Y9oggF02nWlODOr7xIaoW8e5F3785zpetpHRl0iI7QCXJREZXQLaqgKqLoCb2gN/RuPVuv1of1OYkuWdOZAzQD6+cXKvagjg==</latexit>

�F1 sin ✓1 + F2 sin ✓2 = m1ẍ1

<latexit sha1_base64="IU3rOlXg+DPTbGWdLmcolf/mCRg=">AAACH3icbVDNSgMxGMzWv1r/qh69BIvgxbJbpHoRikLxWMHaQluWbDZtQ7ObJflWWJa+iRdfxYsHRcRb38a03YNtHQhMZuYj+caLBNdg2xMrt7a+sbmV3y7s7O7tHxQPj560jBVlTSqFVG2PaCZ4yJrAQbB2pBgJPMFa3uhu6reemdJcho+QRKwXkEHI+5wSMJJbrNZdB3ep1LgLQwbE3C5w3a0saBV8g4NpzvclpMnYddxiyS7bM+BV4mSkhDI03OJP15c0DlgIVBCtO44dQS8lCjgVbFzoxppFhI7IgHUMDUnAdC+d7TfGZ0bxcV8qc0LAM/XvREoCrZPAM8mAwFAve1PxP68TQ/+6l/IwioGFdP5QPxYYJJ6WhX2uGAWRGEKo4uavmA6JIhRMpQVTgrO88ip5qpSdatl5uCzVbrM68ugEnaJz5KArVEP3qIGaiKIX9IY+0Kf1ar1bX9b3PJqzspljtABr8gur2aBQ</latexit>

F1 cos ✓1 � F2 cos ✓2 = m1ÿ1

<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3
<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1
<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2

<latexit sha1_base64="Xh4Xc41jus8oyAFvcAsLe257fk4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDv1W09MG67kgx0nLIjJQPKIU2Kd1Byga4T9XrniV/0Z0DLBOalAjnqv/NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ+jEKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gkgsBL768TJpnVXxRxffnldpNHkcRjuAYTgHDJdTgDurQAAqP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwDbNo4B</latexit>

g = 10

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="l5q9WZht3sUz+jWYFI33L+hwNxs=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD7Jf65crXtWbA68SPycVyNHol796g5imkilLBTGm63uJDTKiLaeCTUu91LCE0DEZsq6jikhmgmx+6hSfOWWAo1i7UhbP1d8TGZHGTGToOiWxI7PszcT/vG5qo+sg4ypJLVN0sShKBbYxnv2NB1wzasXEEUI1d7diOiKaUOvSKbkQ/OWXV0mrVvUvq/79RaV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwD+W42c</latexit>m2

<latexit sha1_base64="XJnqmgh0ZkRIDqhReO6BqJpaHgI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRQSG6QbdU9iv+DGSZBDkpQ45at/TV6SmWJSgtE9SYduCnNhxTbTkTOCl2MoMpZUPax7ajkiZowvHs2gk5dUqPxEq7kpbM1N8TY5oYM0oi15lQOzCL3lT8z2tnNr4Ox1ymmUXJ5oviTBCryPR10uMamRUjRyjT3N1K2IBqyqwLqOhCCBZfXiaN80pwWQnuL8rVmzyOAhzDCZxBAFdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDNxSO5Q==</latexit>

`1

<latexit sha1_base64="84YYcP6z7eX/ASnqT1z/sHNFRsU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2k3btZhN2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6qEQ/Vq/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfu2UnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2OhlwhcyIiSWUKW5vJWxEFWXGBlSyIXjLL6+SVq3qXVa9+4tK/SaPowgncArn4MEV1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+ADiYjuY=</latexit>

`2
<latexit sha1_base64="jPKnWjh79y6GY27yQg2IGxpzCig=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGm/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjCQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QPQ44/T</latexit>

✓2

<latexit sha1_base64="HyLAePdg1n0g4TanfCNBWWXds+s=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrOt3yxWv6s3gLhM/JxXIUe+Wvzq9hGcxKuKSGdP2vZSCMdMkuMRJqZMZTBkfsj62LVUsRhOMZ/dO3BOr9Nwo0bYUuTP198SYxcaM4tB2xowGZtGbiv957Yyiq2AsVJoRKj5fFGXSpcSdPu/2hEZOcmQJ41rYW10+YJpxshGVbAj+4svLpHlW9S+q/t15pXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP89fj9I=</latexit>

✓1
<latexit sha1_base64="Xh4Xc41jus8oyAFvcAsLe257fk4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDv1W09MG67kgx0nLIjJQPKIU2Kd1Byga4T9XrniV/0Z0DLBOalAjnqv/NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ+jEKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gkgsBL768TJpnVXxRxffnldpNHkcRjuAYTgHDJdTgDurQAAqP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwDbNo4B</latexit>

g = 10

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="XJnqmgh0ZkRIDqhReO6BqJpaHgI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRQSG6QbdU9iv+DGSZBDkpQ45at/TV6SmWJSgtE9SYduCnNhxTbTkTOCl2MoMpZUPax7ajkiZowvHs2gk5dUqPxEq7kpbM1N8TY5oYM0oi15lQOzCL3lT8z2tnNr4Ox1ymmUXJ5oviTBCryPR10uMamRUjRyjT3N1K2IBqyqwLqOhCCBZfXiaN80pwWQnuL8rVmzyOAhzDCZxBAFdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDNxSO5Q==</latexit>

`1
<latexit sha1_base64="HyLAePdg1n0g4TanfCNBWWXds+s=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrOt3yxWv6s3gLhM/JxXIUe+Wvzq9hGcxKuKSGdP2vZSCMdMkuMRJqZMZTBkfsj62LVUsRhOMZ/dO3BOr9Nwo0bYUuTP198SYxcaM4tB2xowGZtGbiv957Yyiq2AsVJoRKj5fFGXSpcSdPu/2hEZOcmQJ41rYW10+YJpxshGVbAj+4svLpHlW9S+q/t15pXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP89fj9I=</latexit>

✓1
<latexit sha1_base64="l5q9WZht3sUz+jWYFI33L+hwNxs=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD7Jf65crXtWbA68SPycVyNHol796g5imkilLBTGm63uJDTKiLaeCTUu91LCE0DEZsq6jikhmgmx+6hSfOWWAo1i7UhbP1d8TGZHGTGToOiWxI7PszcT/vG5qo+sg4ypJLVN0sShKBbYxnv2NB1wzasXEEUI1d7diOiKaUOvSKbkQ/OWXV0mrVvUvq/79RaV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwD+W42c</latexit>m2

<latexit sha1_base64="84YYcP6z7eX/ASnqT1z/sHNFRsU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2k3btZhN2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6qEQ/Vq/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfu2UnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2OhlwhcyIiSWUKW5vJWxEFWXGBlSyIXjLL6+SVq3qXVa9+4tK/SaPowgncArn4MEV1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+ADiYjuY=</latexit>

`2
<latexit sha1_base64="jPKnWjh79y6GY27yQg2IGxpzCig=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGm/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjCQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QPQ44/T</latexit>

✓2

<latexit sha1_base64="jPKnWjh79y6GY27yQg2IGxpzCig=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGm/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjCQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QPQ44/T</latexit>

✓2

<latexit sha1_base64="Pq8Y5lpI1WrAkKy2RY8QNCh0YLU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPBbY10</latexit>

F1

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="zCz39/UIPWSCc2GsZX4DvhemZTw=">AAAB7HicbVBNSwMxEJ34WetX1aOXYBE8ld0i6rHoxWMFty20S8mm2TY0yS5JVihLf4MXD4p49Qd589+YtnvQ1gcDj/dmmJkXpYIb63nfaG19Y3Nru7RT3t3bPzisHB23TJJpygKaiER3ImKY4IoFllvBOqlmREaCtaPx3cxvPzFteKIe7SRloSRDxWNOiXVSIPt1POxXql7NmwOvEr8gVSjQ7Fe+eoOEZpIpSwUxput7qQ1zoi2ngk3LvcywlNAxGbKuo4pIZsJ8fuwUnztlgONEu1IWz9XfEzmRxkxk5DolsSOz7M3E/7xuZuObMOcqzSxTdLEozgS2CZ59jgdcM2rFxBFCNXe3YjoimlDr8im7EPzll1dJq17zr2r+w2W1cVvEUYJTOIML8OEaGnAPTQiAAodneIU3pNALekcfi9Y1VMycwB+gzx8XA443</latexit>m2g<latexit sha1_base64="FtLDB/g5KAYxuXJvSv+yL1+Zzd0=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V3LbQLiWbZtvQJLskWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUMkmmKQtoIhLdiYhhgisWWG4F66SaERkJ1o7GdzO//cS04Yl6tJOUhZIMFY85JdZJgexjNOxXa37dnwOtElyQGhRo9qtfvUFCM8mUpYIY08V+asOcaMupYNNKLzMsJXRMhqzrqCKSmTCfHztFZ04ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fgmzLlKM8sUXSyKM4FsgmafowHXjFoxcYRQzd2tiI6IJtS6fCouBLz88ippXdTxVR0/XNYat0UcZTiBUzgHDNfQgHtoQgAUODzDK7x5ynvx3r2PRWvJK2aO4Q+8zx8VfY42</latexit>m1g

<latexit sha1_base64="I7WLphtYaFSfmfi8WpFuaYy9pfo=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4MaSEVE3QtGNywr2AW0Ik8mkHTqThJmJUEI2/oobF4q49TPc+TdO2iy09cDlHs65l5l7/IQzpR3n26osLa+srlXXaxubW9s79u5eR8WpJLRNYh7Lno8V5Syibc00p71EUix8Trv++Lbwu49UKhZHD3qSUFfgYcRCRrA2kmcfnAoPwSG8hkUfBEGss0nuIc+uOw1nCrhIUEnqoETLs78GQUxSQSNNOFaqj5xEuxmWmhFO89ogVTTBZIyHtG9ohAVVbjY9IIfHRglgGEtTkYZT9fdGhoVSE+GbSYH1SM17hfif1091eOVmLEpSTSMyeyhMOdQxLNKAAZOUaD4xBBPJzF8hGWGJiTaZ1UwIaP7kRdI5a6CLBro/rzdvyjiq4BAcgROAwCVogjvQAm1AQA6ewSt4s56sF+vd+piNVqxyZx/8gfX5AztXlOo=</latexit>�m1g = m1ÿ1

Example: Double Pendulum

Pendulum 1

Kinematics

<latexit sha1_base64="b91MtPjv3k5SMwf3uxdltwMmwC0=">AAACA3icbZA9SwNBEIb3/IzxK2qnzWIQrMKdiNoIQRvLCOYDcuHY20ySJXt7x+6cGELAxr9iY6GIrX/Czn/jJrlCE19YeHhnhtl5w0QKg6777SwsLi2vrObW8usbm1vbhZ3dmolTzaHKYxnrRsgMSKGgigIlNBINLAol1MP+9bhevwdtRKzucJBAK2JdJTqCM7RWUNh/CDx6SX2Q0oJvhKI+9gBZ4AWFoltyJ6Lz4GVQJJkqQeHLb8c8jUAhl8yYpucm2BoyjYJLGOX91EDCeJ91oWlRsQhMazi5YUSPrNOmnVjbp5BO3N8TQxYZM4hC2xkx7JnZ2tj8r9ZMsXPRGgqVpAiKTxd1UkkxpuNAaFto4CgHFhjXwv6V8h7TjKONLW9D8GZPnofaSck7K3m3p8XyVRZHjhyQQ3JMPHJOyuSGVEiVcPJInskreXOenBfn3fmYti442cwe+SPn8wey3ZZL</latexit>

x1 = `1 sin ✓1
<latexit sha1_base64="33x7SWt1T0746KjqvMuDOO4nOu8=">AAACF3icbZDLSgMxFIYz9VbrbdSlm2ARXJUZEXUjFN24rGAv0BmGTHrahmYuJGfEMvQt3Pgqblwo4lZ3vo3pZaGtPwR+vnNOkvOHqRQaHefbKiwtr6yuFddLG5tb2zv27l5DJ5niUOeJTFQrZBqkiKGOAiW0UgUsCiU0w8H1uN68B6VFEt/hMAU/Yr1YdAVnaFBgV7xOgvnDKHDpJZ14D/uAzAAPpDTY44mmUxi4gV12Ks5EdNG4M1MmM9UC+8tcyrMIYuSSad12nRT9nCkUXMKo5GUaUsYHrAdtY2MWgfbzyV4jemRIh3YTZU6MdEJ/T+Qs0noYhaYzYtjX87Ux/K/WzrB74eciTjOEmE8f6maSYkLHIdGOUMBRDo1hXAnzV8r7TDGOJsqSCcGdX3nRNE4q7lnFvT0tV69mcRTJATkkx8Ql56RKbkiN1Aknj+SZvJI368l6sd6tj2lrwZrN7JM/sj5/ACQHn0Y=</latexit>

ẋ1 = ✓̇1`1 cos ✓1
<latexit sha1_base64="b5QqzMnHoZlItMhUDmrlZShv2V4="></latexit>

ẍ1 = ✓̈1`1 cos ✓1 � ✓̇21`1 sin ✓1

<latexit sha1_base64="QdJfu+QQmc/TByfZvRaz27bmZZI=">AAACBHicbZC7SgNBFIZnvcZ4i1qmGQyCjWFXRG2EoI1lBHOB7LLMTs4mQ2YvzJwVwpLCxlexsVDE1oew822cXApN/GHg4z/ncOb8QSqFRtv+tpaWV1bX1gsbxc2t7Z3d0t5+UyeZ4tDgiUxUO2AapIihgQIltFMFLAoktILBzbjeegClRRLf4zAFL2K9WISCMzSWXyoPfYde0RMXpDTk8kRTF/uAzHf8UsWu2hPRRXBmUCEz1f3Sl9tNeBZBjFwyrTuOnaKXM4WCSxgV3UxDyviA9aBjMGYRaC+fHDGiR8bp0jBR5sVIJ+7viZxFWg+jwHRGDPt6vjY2/6t1MgwvvVzEaYYQ8+miMJMUEzpOhHaFAo5yaIBxJcxfKe8zxTia3IomBGf+5EVonlad86pzd1apXc/iKJAyOSTHxCEXpEZuSZ00CCeP5Jm8kjfryXqx3q2PaeuSNZs5IH9kff4AGyGWfg==</latexit>

y1 = �`1 cos ✓1
<latexit sha1_base64="JgMlWX7JClb1aCavr+kLpNHPkUI=">AAACF3icbZDLSgMxFIYzXmu9VV26CRbBVZkRUTdC0Y3LCvYCnTJk0tM2NJMZkjNCGfoWbnwVNy4Ucas738Z02oW2/hD4+c45Sc4fJlIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e03TJxqDnUey1i3QmZACgV1FCihlWhgUSihGQ5vJvXmA2gjYnWPowQ6Eesr0ROcoUVBqeJ3Y8xG48CjVzT3Pg4AmQU+SGmxb4SiUxh4QansVtxcdNF4M1MmM9WC0pe9lKcRKOSSGdP23AQ7GdMouIRx0U8NJIwPWR/a1ioWgelk+V5jemxJl/ZibY9CmtPfExmLjBlFoe2MGA7MfG0C/6u1U+xddjKhkhRB8elDvVRSjOkkJNoVGjjKkTWMa2H/SvmAacbRRlm0IXjzKy+axmnFO694d2fl6vUsjgI5JEfkhHjkglTJLamROuHkkTyTV/LmPDkvzrvzMW1dcmYzB+SPnM8fLY6fTA==</latexit>

ẏ1 = ✓̇1`1 sin ✓1
<latexit sha1_base64="Yf7pQoQOjenUzZvouCg367tWgKU="></latexit>

ÿ1 = ✓̈1`1 sin ✓1 + ✓̇21`1 cos ✓1

Pendulum 2

<latexit sha1_base64="K9fvqbgybxdrllPV5ZrwetBejtQ="></latexit>

ẋ2 = ẋ1 + ✓̇2`2 cos ✓2 = ✓̇1`1 cos ✓1 + ✓̇2`2 cos ✓2
<latexit sha1_base64="H3YF/5a2a132c8cgK1UAoHTkvnQ="></latexit>

ẍ2 = ẍ1 + ✓̈2`2 cos ✓2 � ✓̇22`2 sin ✓2 = ✓̈1`1 cos ✓1 � ✓̇21`1 sin ✓1 + ✓̈2`2 cos ✓2 � ✓̇22`2 sin ✓2

<latexit sha1_base64="4nkBlwGS7tGivGNQDhdYS75n8wo=">AAACNXicdZDLSgMxFIYzXmu9jbp0EyyCIJQZEXUjFN24cFHBqtApQyY9tcFMZkjOSEvpS7nxPVzpwoUibn0F0+ksvB4I/Pn+c0jOH6VSGPS8J2dicmp6ZrY0V55fWFxadldWL0ySaQ4NnshEX0XMgBQKGihQwlWqgcWRhMvo5njkX96CNiJR59hPoRWzayU6gjO0KHRPe+EOPaS90KfbNAAp7TUwQgXYBWS5l1M/p7TA/zSHbsWrennR38IvRIUUVQ/dh6Cd8CwGhVwyY5q+l2JrwDQKLmFYDjIDKeM37BqaVioWg2kN8q2HdNOSNu0k2h6FNKdfJwYsNqYfR7YzZtg1P70R/MtrZtg5aA2ESjMExccPdTJJMaGjCGlbaOAo+1YwroX9K+VdphlHG3TZhuD/XPm3uNip+ntV/2y3Ujsq4iiRdbJBtohP9kmNnJA6aRBO7sgjeSGvzr3z7Lw57+PWCaeYWSPfyvn4BMMFqIE=</latexit>

x2 = x1 + `2 sin ✓2 = `1 sin ✓1 + `2 sin ✓2
<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="MI4iaa9t3elN9cdAdp9GIeCMAnU=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoxmUF+5B2KJk004YmM0NyRyxDv8KNC0Xc+jnu/BvTdhbaeiBwOOcecu8JEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FBFvoEDJ24nmVAWSt4LRzdRvPXJtRBzd4zjhvqKDSISCUbTSQ7cfY/Y06VV7pbJbcWcgy8TLSRly1HulL5tlqeIRMkmN6Xhugn5GNQom+aTYTQ1PKBvRAe9YGlHFjZ/NFp6QU6v0SRhr+yIkM/V3IqPKmLEK7KSiODSL3lT8z+ukGF75mYiSFHnE5h+FqSQYk+n1pC80ZyjHllCmhd2VsCHVlKHtqGhL8BZPXibNasW7qHh35+XadV5HAY7hBM7Ag0uowS3UoQEMFDzDK7w52nlx3p2P+eiKk2eO4A+czx/tupB+</latexit>

ẋ2
<latexit sha1_base64="3U6RacfBcHiqY8SKzRIiMyV21z0=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE8laSIeix68VjBfmBbymazaZdudsPuRCyh/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLEsENet63s7K6tr6xWdgqbu/s7u2XDg6bRqWasgZVQul2QAwTXLIGchSsnWhG4kCwVjC6mfqtR6YNV/IexwnrxWQgecQpQSs9dMNQYfY06Vf7pbJX8WZwl4mfkzLkqPdLX91Q0TRmEqkgxnR8L8FeRjRyKtik2E0NSwgdkQHrWCpJzEwvm108cU+tErqR0rYkujP190RGYmPGcWA7Y4JDs+hNxf+8TorRVS/jMkmRSTpfFKXCReVO33dDrhlFMbaEUM3trS4dEk0o2pCKNgR/8eVl0qxW/IuKf3derl3ncRTgGE7gDHy4hBrcQh0aQEHCM7zCm2OcF+fd+Zi3rjj5zBH8gfP5A63JkOw=</latexit>

ẍ2

<latexit sha1_base64="rD/K3R7nRe/VP/0rUdW1BEbPSTk=">AAACOnicdVDLSgMxFM34dnxVXboJFsGNZVJE3RRENy4tWC10ypBJb9vQzIPkjjAUv8uNX+HOhRsXirj1A0zbWajVA4GTc84luSdMlTToeU/OzOzc/MLi0rK7srq2vlHa3Lo2SaYFNESiEt0MuQElY2igRAXNVAOPQgU34eB85N/cgjYyia8wT6Ed8V4su1JwtFJQqudBldZoHjB6QH1Qyl59kRjqYx+QB1W35hYG+2Ew9598UCp7FW8MOk1YQcqkwGVQevQ7icgiiFEobkyLeSm2h1yjFAruXD8zkHIx4D1oWRrzCEx7OF79ju5ZpUO7ibYnRjpWv08MeWRMHoU2GXHsm9/eSPzLa2XYPWkPZZxmCLGYPNTNFMWEjnqkHalBoMot4UJL+1cq+lxzgbbtUQns98rT5LpaYUcVVj8sn54VdSyRHbJL9gkjx+SUXJBL0iCC3JNn8krenAfnxXl3PibRGaeY2SY/4Hx+AUdyqP8=</latexit>

y2 = y1 � `2 cos ✓2 = �`1 cos ✓1 � `2 cos ✓2
<latexit sha1_base64="knRqiNCn2fbum80My9XMGaByInI="></latexit>

ẏ2 = ẏ1 + ✓̇2`2 sin ✓2 = ✓̇1`1 sin ✓1 + ✓̇2`2 sin ✓2
<latexit sha1_base64="g8tzsyrqe4wHK+3OhSehoY3nqlE="></latexit>

ÿ2 = ÿ1 + ✓̈2`2 sin ✓2 + ✓̇22`2 cos ✓2 = ✓̈1`1 sin ✓1 + ✓̇21`1 cos ✓1 + ✓̈2`2 sin ✓2 + ✓̇22`2 cos ✓2

<latexit sha1_base64="eYAgKqSiYd8jVtwyJdBmRglvFEY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2m3bpZhN2J0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xCzhfkSHSoSCUbTSQ9av9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/QnVKJjk01IvNTyhbEyHvGupohE3/mR+6pScWWVAwljbUkjm6u+JCY2MyaLAdkYUR2bZm4n/ed0Uw2t/IlSSIldssShMJcGYzP4mA6E5Q5lZQpkW9lbCRlRThjadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEQso2o</latexit>y2
<latexit sha1_base64="gGiPFGcKp6/1/QH9DHgsTY188rE=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ie0Q8mkmTY0mRmSO0IZ+hVuXCji1s9x59+YtrPQ1gOBwzn3kHtPkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUkS8iQIl7ySaUxVI3g7GtzO//cS1EXH0gJOE+4oOIxEKRtFKj71BjNlk2q/1yxW36s5BVomXkwrkaPTLXzbLUsUjZJIa0/XcBP2MahRM8mmplxqeUDamQ961NKKKGz+bLzwlZ1YZkDDW9kVI5urvREaVMRMV2ElFcWSWvZn4n9dNMbz2MxElKfKILT4KU0kwJrPryUBozlBOLKFMC7srYSOqKUPbUcmW4C2fvEpatap3WfXuLyr1m7yOIpzAKZyDB1dQhztoQBMYKHiGV3hztPPivDsfi9GCk2eO4Q+czx/vQZB/</latexit>

ẏ2
<latexit sha1_base64="iBRSr7ZMpp7ofNgrR23/ViT4uIA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae2oWw2m3bpZjfsboQQ+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbmd+94kqzaR4MFlC/RiPBIsYwcZKj4MwlCbPpsPGsFpz6+4caJV4BalBgdaw+jUIJUljKgzhWOu+5ybGz7EyjHA6rQxSTRNMJnhE+5YKHFPt5/OLp+jMKiGKpLIlDJqrvydyHGudxYHtjLEZ62VvJv7n9VMTXfs5E0lqqCCLRVHKkZFo9j4KmaLE8MwSTBSztyIyxgoTY0Oq2BC85ZdXSadR9y7r3v1FrXlTxFGGEziFc/DgCppwBy1oAwEBz/AKb452Xpx352PRWnKKmWP4A+fzB69QkO0=</latexit>

ÿ2

Dynamics:

Pendulum 1:

Pendulum 2:

<latexit sha1_base64="oYpzKOEU7uBM8E6EQg7MRDVsb8M="></latexit>

z =

2

664

✓1
✓2
✓̇1
✓̇2

3

775

Dynamics…
<latexit sha1_base64="l2Ugl02wXDnbzBSKXsioGAyh6Dw=">AAACD3icbVDLSgMxFL1TX7W+Rl26CRbFjWVGRN0IRUHcCBXsA9qxZNJMG5p5kGSEMswfuPFX3LhQxK1bd/6NmT5AWw8Ezj3nXnLvcSPOpLKsbyM3N7+wuJRfLqysrq1vmJtbNRnGgtAqCXkoGi6WlLOAVhVTnDYiQbHvclp3+5eZX3+gQrIwuFODiDo+7gbMYwQrLbXN/ZaPVc/1EpyiczQpbtL75NBOJ+VV2jaLVskaAs0Se0yKMEalbX61OiGJfRoowrGUTduKlJNgoRjhNC20YkkjTPq4S5uaBtin0kmG96RoTysd5IVCv0Chofp7IsG+lAPf1Z3ZhnLay8T/vGasvDMnYUEUKxqQ0UdezJEKURYO6jBBieIDTTARTO+KSA8LTJSOsKBDsKdPniW1o5J9UrJvj4vli3EcediBXTgAG06hDNdQgSoQeIRneIU348l4Md6Nj1FrzhjPbMMfGJ8//aucpA==</latexit>

a = M�1F
<latexit sha1_base64="vg8z73vZLD9idFyYoZ2KNthBrA4="></latexit>

(m1 +m2)`21 m2`2`1 cos(✓2 � ✓1)
m2`2`1 cos(✓2 � ✓1) m2`22

� <latexit sha1_base64="+KhRvj6q0fr2GXwQhG40spE5OW4=">AAACKXicbVDLSgMxFM34rPVVdekmWARXZaaIuiy6cVnBPqBTSiZz24ZmMkNyRyxDf8eNv+JGQVG3/ojpA9HWA4HDOfeQe0+QSGHQdT+cpeWV1bX13EZ+c2t7Z7ewt183cao51HgsY90MmAEpFNRQoIRmooFFgYRGMLga+4070EbE6haHCbQj1lOiKzhDK3UKFT+AnlBZEDHU4n5E/TCMMfOxD8hGHY/6/pxUpj6o8CfQKRTdkjsBXSTejBTJDNVO4cUPY55GoJBLZkzLcxNsZ0yj4BJGeT81kDA+YD1oWapYBKadTS4d0WOrhLQba/sU0on6O5GxyJhhFNhJu1/fzHtj8T+vlWL3op0JlaQIik8/6qaSYkzHtdFQaOAoh5YwroXdlfI+04yjLTdvS/DmT14k9XLJOyt5N6fFyuWsjhw5JEfkhHjknFTINamSGuHkgTyRV/LmPDrPzrvzOR1dcmaZA/IHztc343SoPg==</latexit>
✓̈1
✓̈2

� <latexit sha1_base64="ccMf1NPkQJVlXbCitVl9jvwZqG8="></latexit>
m2✓̇22`2`1 sin(✓2 � ✓1)� (m1 +m2)`1 sin ✓1g

�m2✓̇21`1`2 sin(✓2 � ✓1)

�
<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> ( <latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="cD4k4KNzpmj/EC8Ge0xqniELPZI=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiGzdCBfvAtpRMeqcNzWSGJCOUoX/hxoUibv0bd/6NmXYW2nogcDjnXnLu8WPBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpKFMMGi0Sk2j7VKLjEhuFGYDtWSENfYMsf32R+6wmV5pF8MJMYeyEdSh5wRo2VHrshNSM/SO+m/XLFrbozkGXi5aQCOer98ld3ELEkRGmYoFp3PDc2vZQqw5nAaambaIwpG9MhdiyVNETdS2eJp+TEKgMSRMo+achM/b2R0lDrSejbySyhXvQy8T+vk5jgqpdyGScGJZt/FCSCmIhk55MBV8iMmFhCmeI2K2EjqigztqSSLcFbPHmZNM+q3kXVuz+v1K7zOopwBMdwCh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxHC06+cwh/4Hz+AL3akPc=</latexit>

M
<latexit sha1_base64="Uj6nJ3AsEVHd4YV8iSLkuEEseJM=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EcRSEGZ32qzW37s5AlolXkBoUaParX71BzNKIK2SSGtP13AT9jGoUTPJppZcanlA2pkPetVTRiBs/myWekhOrDEgYa/sUkpn6eyOjkTGTKLCTeUKz6OXif143xfDKz4RKUuSKzT8KU0kwJvn5ZCA0ZygnllCmhc1K2IhqytCWVLEleIsnL5P2Wd27qHt357XGdVFHGY7gGE7Bg0towC00oQUMFDzDK7w5xnlx3p2P+WjJKXYO4Q+czx/cPpEL</latexit>a

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="sZ49ajG7bco8ZWSalhiKsP33yl4=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiIC4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4WV1bX1jeJmaWt7Z3evvH/Q1FGiGDZYJCLV9qlGwSU2DDcC27FCGvoCW/74JvNbT6g0j+SDmcTYC+lQ8oAzaqz02A2pGflBejvtlytu1Z2BLBMvJxXIUe+Xv7qDiCUhSsME1brjubHppVQZzgROS91EY0zZmA6xY6mkIepeOks8JSdWGZAgUvZJQ2bq742UhlpPQt9OZgn1opeJ/3mdxARXvZTLODEo2fyjIBHERCQ7nwy4QmbExBLKFLdZCRtRRZmxJZVsCd7iycukeVb1Lqre/Xmldp3XUYQjOIZT8OASanAHdWgAAwnP8ApvjnZenHfnYz5acPKdQ/gD5/MHszeQ8A==</latexit>

F

Linearization…
<latexit sha1_base64="P/RpPJJglcINGRWdhWm0xSduyG0="></latexit>h
@M�1

@✓1
F @M�1

@✓2
F @M�1

@✓̇1
F @M�1

@✓̇2
F
i
+M�1 @F

@z

<latexit sha1_base64="dDHmhDxI9jZj3R0SEpDljDCN5pU=">AAACEHicbVDLSsNAFL3xWeMr6tLNYBFdlUREXRbduKxgH9CEMplO2qGTBzMToYZ8ght/xY0LRdy6dOffOGkDauuBgcM599659/gJZ1LZ9pexsLi0vLJaWTPXNza3tq2d3ZaMU0Fok8Q8Fh0fS8pZRJuKKU47iaA49Dlt+6Orwm/fUSFZHN2qcUK9EA8iFjCClZZ61pHpBgKTzE2wUAxz5IZYDf0gw3n+I97nPatq1+wJ0DxxSlKFEo2e9en2Y5KGNFKEYym7jp0oLysGEk5z000lTTAZ4QHtahrhkEovmxyUo0Ot9FEQC/0ihSbq744Mh1KOQ19XFuvKWa8Q//O6qQouvIxFSapoRKYfBSlHKkZFOqjPBCWKjzXBRDC9KyJDrANSOkNTh+DMnjxPWic156zm3JxW65dlHBXYhwM4BgfOoQ7X0IAmEHiAJ3iBV+PReDbejPdp6YJR9uzBHxgf358enZw=</latexit>

@a

@z

<latexit sha1_base64="KJk6aJ9rfd/3nEin2NF3JYzxG1o=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlQQ7ZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fANBxZoI</latexit>

@f

@z
=

<latexit sha1_base64="U5cJPmbjd5TWvQMGhVMsQX9Me98="></latexit>

@a

@z
= �M�1

⇥
@M
@✓1

M�1F @M
@✓2

M�1F 0 0
⇤
+M�1 @F

@z



Example: Double Pendulum Free Body Diagrams

<latexit sha1_base64="CXyspah+qlUUfPhmhiNSUkgAc9A=">AAACDHicbVDLSsNAFJ34rPVVdelmsAh1UxIRdSMU3bisYB/QhDKZTNuhM5mQuZGWkA9w46+4caGIWz/AnX/jtM1CWw8MHM499869x48E12Db39bS8srq2npho7i5tb2zW9rbb2qVxJQ1qBIqbvtEM8FD1gAOgrWjmBHpC9byhzeTeuuBxZqr8B7GEfMk6Ye8xykBI3VLZVcnErvARpBWesoM1SdZd4SvsFGDQEE6yozLrtpT4EXi5KSMctS7pS83UDSRLAQqiNYdx47AS0kMnAqWFd1Es4jQIemzjqEhkUx76fSYDB8bJcBmFfNCwFP1d0dKpNZj6RunJDDQ87WJ+F+tk0Dv0kt5GCXAQjr7qJcIDApPksEBjxkFMTaE0JibXTEdkJhQMPkVTQjO/MmLpHladc6rzt1ZuXadx1FAh+gIVZCDLlAN3aI6aiCKHtEzekVv1pP1Yr1bHzPrkpX3HKA/sD5/AEsPmyQ=</latexit>X
(forces)x = mẍ

<latexit sha1_base64="mjn7nTRDDhm42JZLxZ9V48LiSNk=">AAACDHicbVDLSsNAFJ3UV62vqks3g0Wom5KIqBuh6MZlBfuAJpTJZNIOnUxC5kYMIR/gxl9x40IRt36AO//GaZuFth4YOJx77p17jxsJrsA0v43S0vLK6lp5vbKxubW9U93d66gwiSlr01CEcc8ligkuWRs4CNaLYkYCV7CuO76e1Lv3LFY8lHeQRswJyFByn1MCWhpUa7ZKAmwDe4Cs7od6qDrOBym+xFr1vBCyNNcus2FOgReJVZAaKtAaVL9sL6RJwCRQQZTqW2YETkZi4FSwvGInikWEjsmQ9TWVJGDKyabH5PhIKx7Wq+gnAU/V3x0ZCZRKA1c7AwIjNV+biP/V+gn4F07GZZQAk3T2kZ8IDCGeJIM9HjMKItWE0JjrXTEdkZhQ0PlVdAjW/MmLpHPSsM4a1u1prXlVxFFGB+gQ1ZGFzlET3aAWaiOKHtEzekVvxpPxYrwbHzNrySh69tEfGJ8/TiWbJg==</latexit>X
(forces)y = mÿ

<latexit sha1_base64="zrA/+AvbFpMRjyQFA4ThWGGqOIs=">AAACEHicbVDLSgNBEJz1GeMr6tHLYBC9GHYXUS9CUBCPEcwDkrDMzk6SITM7y0yvEJZ8ghd/xYsHRbx69ObfOHkcNLGgoajqprsrTAQ34LrfzsLi0vLKam4tv76xubVd2NmtGZVqyqpUCaUbITFM8JhVgYNgjUQzIkPB6mH/euTXH5g2XMX3MEhYW5JuzDucErBSUDi6CXzcosrgFvQYkMA/kYHfxZdYjowoUpANhoEfFIpuyR0DzxNvSopoikpQ+GpFiqaSxUAFMabpuQm0M6KBU8GG+VZqWEJon3RZ09KYSGba2fihIT60SoQ7StuKAY/V3xMZkcYMZGg7JYGemfVG4n9eM4XORTvjcZICi+lkUScVGBQepYMjrhkFMbCEUM3trZj2iCYUbIZ5G4I3+/I8qfkl76zk3Z0Wy1fTOHJoHx2gY+Shc1RGt6iCqoiiR/SMXtGb8+S8OO/Ox6R1wZnO7KE/cD5/ALmtmyg=</latexit>

F2 cos ✓2 �m2g = m2ÿ2
<latexit sha1_base64="Haqd5X7tbdGa7OCN1du1HT6Ubuc=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ3lpki6kYoCuKygn1AW0omk7ahSWZI7ohl6Ae48VfcuFDErR/gzr8x085CWw8ETs45l+QePxLcgOt+OwuLS8srq7m1/PrG5tZ2YWe3bsJYU1ajoQh10yeGCa5YDTgI1ow0I9IXrOEPr1K/cc+04aG6g1HEOpL0Fe9xSsBK3ULx+Lpbxm3DFW7DgAGxtwssUy0IQkgext2yTbkldwI8T7yMFFGGarfw1Q5CGkumgApiTMtzI+gkRAOngo3z7diwiNAh6bOWpYpIZjrJZJkxPrRKgHuhtkcBnqi/JxIijRlJ3yYlgYGZ9VLxP68VQ++8k3AVxcAUnT7UiwWGEKfN4IBrRkGMLCFUc/tXTAdEEwq2v7wtwZtdeZ7UyyXvtOTdnhQrl1kdObSPDtAR8tAZqqAbVEU1RNEjekav6M15cl6cd+djGl1wspk99AfO5w/Zo5mf</latexit>

�F2 sin ✓2 = m2ẍ2

<latexit sha1_base64="BsmJER8hK0woJRQKOscjhe8JS9U=">AAACIHicbVDLSgMxFM34rPU16tJNsAiCWGaKWDdCUSguK9gHtGXIZNI2NJMZkjtiGfopbvwVNy4U0Z1+jeljYVsPBE7OOZfkHj8WXIPjfFtLyyura+uZjezm1vbOrr23X9NRoiir0khEquETzQSXrAocBGvEipHQF6zu929Gfv2BKc0jeQ+DmLVD0pW8wykBI3l28azsubilucQt6DEg5naKy15hRivgKxyOckEQQfo49FzPzjl5Zwy8SNwpyaEpKp791QoimoRMAhVE66brxNBOiQJOBRtmW4lmMaF90mVNQyUJmW6n4wWH+NgoAe5EyhwJeKz+nUhJqPUg9E0yJNDT895I/M9rJtC5bKdcxgkwSScPdRKBIcKjtnDAFaMgBoYQqrj5K6Y9oggF02nWlODOr7xIaoW8e5F3785zpetpHRl0iI7QCXJREZXQLaqgKqLoCb2gN/RuPVuv1of1OYkuWdOZAzQD6+cXKvagjg==</latexit>

�F1 sin ✓1 + F2 sin ✓2 = m1ẍ1

<latexit sha1_base64="IU3rOlXg+DPTbGWdLmcolf/mCRg=">AAACH3icbVDNSgMxGMzWv1r/qh69BIvgxbJbpHoRikLxWMHaQluWbDZtQ7ObJflWWJa+iRdfxYsHRcRb38a03YNtHQhMZuYj+caLBNdg2xMrt7a+sbmV3y7s7O7tHxQPj560jBVlTSqFVG2PaCZ4yJrAQbB2pBgJPMFa3uhu6reemdJcho+QRKwXkEHI+5wSMJJbrNZdB3ep1LgLQwbE3C5w3a0saBV8g4NpzvclpMnYddxiyS7bM+BV4mSkhDI03OJP15c0DlgIVBCtO44dQS8lCjgVbFzoxppFhI7IgHUMDUnAdC+d7TfGZ0bxcV8qc0LAM/XvREoCrZPAM8mAwFAve1PxP68TQ/+6l/IwioGFdP5QPxYYJJ6WhX2uGAWRGEKo4uavmA6JIhRMpQVTgrO88ip5qpSdatl5uCzVbrM68ugEnaJz5KArVEP3qIGaiKIX9IY+0Kf1ar1bX9b3PJqzspljtABr8gur2aBQ</latexit>

F1 cos ✓1 � F2 cos ✓2 = m1ÿ1

<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3
<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1
<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2

<latexit sha1_base64="Xh4Xc41jus8oyAFvcAsLe257fk4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDv1W09MG67kgx0nLIjJQPKIU2Kd1Byga4T9XrniV/0Z0DLBOalAjnqv/NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ+jEKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gkgsBL768TJpnVXxRxffnldpNHkcRjuAYTgHDJdTgDurQAAqP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwDbNo4B</latexit>

g = 10

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="l5q9WZht3sUz+jWYFI33L+hwNxs=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD7Jf65crXtWbA68SPycVyNHol796g5imkilLBTGm63uJDTKiLaeCTUu91LCE0DEZsq6jikhmgmx+6hSfOWWAo1i7UhbP1d8TGZHGTGToOiWxI7PszcT/vG5qo+sg4ypJLVN0sShKBbYxnv2NB1wzasXEEUI1d7diOiKaUOvSKbkQ/OWXV0mrVvUvq/79RaV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwD+W42c</latexit>m2

<latexit sha1_base64="XJnqmgh0ZkRIDqhReO6BqJpaHgI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRQSG6QbdU9iv+DGSZBDkpQ45at/TV6SmWJSgtE9SYduCnNhxTbTkTOCl2MoMpZUPax7ajkiZowvHs2gk5dUqPxEq7kpbM1N8TY5oYM0oi15lQOzCL3lT8z2tnNr4Ox1ymmUXJ5oviTBCryPR10uMamRUjRyjT3N1K2IBqyqwLqOhCCBZfXiaN80pwWQnuL8rVmzyOAhzDCZxBAFdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDNxSO5Q==</latexit>

`1

<latexit sha1_base64="84YYcP6z7eX/ASnqT1z/sHNFRsU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2k3btZhN2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6qEQ/Vq/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfu2UnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2OhlwhcyIiSWUKW5vJWxEFWXGBlSyIXjLL6+SVq3qXVa9+4tK/SaPowgncArn4MEV1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+ADiYjuY=</latexit>

`2
<latexit sha1_base64="jPKnWjh79y6GY27yQg2IGxpzCig=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGm/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjCQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QPQ44/T</latexit>

✓2

<latexit sha1_base64="HyLAePdg1n0g4TanfCNBWWXds+s=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrOt3yxWv6s3gLhM/JxXIUe+Wvzq9hGcxKuKSGdP2vZSCMdMkuMRJqZMZTBkfsj62LVUsRhOMZ/dO3BOr9Nwo0bYUuTP198SYxcaM4tB2xowGZtGbiv957Yyiq2AsVJoRKj5fFGXSpcSdPu/2hEZOcmQJ41rYW10+YJpxshGVbAj+4svLpHlW9S+q/t15pXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP89fj9I=</latexit>

✓1
<latexit sha1_base64="Xh4Xc41jus8oyAFvcAsLe257fk4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDv1W09MG67kgx0nLIjJQPKIU2Kd1Byga4T9XrniV/0Z0DLBOalAjnqv/NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ+jEKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gkgsBL768TJpnVXxRxffnldpNHkcRjuAYTgHDJdTgDurQAAqP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwDbNo4B</latexit>

g = 10

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="XJnqmgh0ZkRIDqhReO6BqJpaHgI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRQSG6QbdU9iv+DGSZBDkpQ45at/TV6SmWJSgtE9SYduCnNhxTbTkTOCl2MoMpZUPax7ajkiZowvHs2gk5dUqPxEq7kpbM1N8TY5oYM0oi15lQOzCL3lT8z2tnNr4Ox1ymmUXJ5oviTBCryPR10uMamRUjRyjT3N1K2IBqyqwLqOhCCBZfXiaN80pwWQnuL8rVmzyOAhzDCZxBAFdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDNxSO5Q==</latexit>

`1
<latexit sha1_base64="HyLAePdg1n0g4TanfCNBWWXds+s=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrOt3yxWv6s3gLhM/JxXIUe+Wvzq9hGcxKuKSGdP2vZSCMdMkuMRJqZMZTBkfsj62LVUsRhOMZ/dO3BOr9Nwo0bYUuTP198SYxcaM4tB2xowGZtGbiv957Yyiq2AsVJoRKj5fFGXSpcSdPu/2hEZOcmQJ41rYW10+YJpxshGVbAj+4svLpHlW9S+q/t15pXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP89fj9I=</latexit>

✓1
<latexit sha1_base64="l5q9WZht3sUz+jWYFI33L+hwNxs=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD7Jf65crXtWbA68SPycVyNHol796g5imkilLBTGm63uJDTKiLaeCTUu91LCE0DEZsq6jikhmgmx+6hSfOWWAo1i7UhbP1d8TGZHGTGToOiWxI7PszcT/vG5qo+sg4ypJLVN0sShKBbYxnv2NB1wzasXEEUI1d7diOiKaUOvSKbkQ/OWXV0mrVvUvq/79RaV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwD+W42c</latexit>m2

<latexit sha1_base64="84YYcP6z7eX/ASnqT1z/sHNFRsU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2k3btZhN2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6qEQ/Vq/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfu2UnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2OhlwhcyIiSWUKW5vJWxEFWXGBlSyIXjLL6+SVq3qXVa9+4tK/SaPowgncArn4MEV1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+ADiYjuY=</latexit>

`2
<latexit sha1_base64="jPKnWjh79y6GY27yQg2IGxpzCig=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGm/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjCQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QPQ44/T</latexit>

✓2

<latexit sha1_base64="jPKnWjh79y6GY27yQg2IGxpzCig=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGm/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjCQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QPQ44/T</latexit>

✓2

<latexit sha1_base64="Pq8Y5lpI1WrAkKy2RY8QNCh0YLU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPBbY10</latexit>

F1

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="zCz39/UIPWSCc2GsZX4DvhemZTw=">AAAB7HicbVBNSwMxEJ34WetX1aOXYBE8ld0i6rHoxWMFty20S8mm2TY0yS5JVihLf4MXD4p49Qd589+YtnvQ1gcDj/dmmJkXpYIb63nfaG19Y3Nru7RT3t3bPzisHB23TJJpygKaiER3ImKY4IoFllvBOqlmREaCtaPx3cxvPzFteKIe7SRloSRDxWNOiXVSIPt1POxXql7NmwOvEr8gVSjQ7Fe+eoOEZpIpSwUxput7qQ1zoi2ngk3LvcywlNAxGbKuo4pIZsJ8fuwUnztlgONEu1IWz9XfEzmRxkxk5DolsSOz7M3E/7xuZuObMOcqzSxTdLEozgS2CZ59jgdcM2rFxBFCNXe3YjoimlDr8im7EPzll1dJq17zr2r+w2W1cVvEUYJTOIML8OEaGnAPTQiAAodneIU3pNALekcfi9Y1VMycwB+gzx8XA443</latexit>m2g<latexit sha1_base64="FtLDB/g5KAYxuXJvSv+yL1+Zzd0=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V3LbQLiWbZtvQJLskWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUMkmmKQtoIhLdiYhhgisWWG4F66SaERkJ1o7GdzO//cS04Yl6tJOUhZIMFY85JdZJgexjNOxXa37dnwOtElyQGhRo9qtfvUFCM8mUpYIY08V+asOcaMupYNNKLzMsJXRMhqzrqCKSmTCfHztFZ04ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fgmzLlKM8sUXSyKM4FsgmafowHXjFoxcYRQzd2tiI6IJtS6fCouBLz88ippXdTxVR0/XNYat0UcZTiBUzgHDNfQgHtoQgAUODzDK7x5ynvx3r2PRWvJK2aO4Q+8zx8VfY42</latexit>m1g

<latexit sha1_base64="I7WLphtYaFSfmfi8WpFuaYy9pfo=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4MaSEVE3QtGNywr2AW0Ik8mkHTqThJmJUEI2/oobF4q49TPc+TdO2iy09cDlHs65l5l7/IQzpR3n26osLa+srlXXaxubW9s79u5eR8WpJLRNYh7Lno8V5Syibc00p71EUix8Trv++Lbwu49UKhZHD3qSUFfgYcRCRrA2kmcfnAoPwSG8hkUfBEGss0nuIc+uOw1nCrhIUEnqoETLs78GQUxSQSNNOFaqj5xEuxmWmhFO89ogVTTBZIyHtG9ohAVVbjY9IIfHRglgGEtTkYZT9fdGhoVSE+GbSYH1SM17hfif1091eOVmLEpSTSMyeyhMOdQxLNKAAZOUaD4xBBPJzF8hGWGJiTaZ1UwIaP7kRdI5a6CLBro/rzdvyjiq4BAcgROAwCVogjvQAm1AQA6ewSt4s56sF+vd+piNVqxyZx/8gfX5AztXlOo=</latexit>�m1g = m1ÿ1

Example: Double Pendulum

Pendulum 1

Kinematics

<latexit sha1_base64="b91MtPjv3k5SMwf3uxdltwMmwC0=">AAACA3icbZA9SwNBEIb3/IzxK2qnzWIQrMKdiNoIQRvLCOYDcuHY20ySJXt7x+6cGELAxr9iY6GIrX/Czn/jJrlCE19YeHhnhtl5w0QKg6777SwsLi2vrObW8usbm1vbhZ3dmolTzaHKYxnrRsgMSKGgigIlNBINLAol1MP+9bhevwdtRKzucJBAK2JdJTqCM7RWUNh/CDx6SX2Q0oJvhKI+9gBZ4AWFoltyJ6Lz4GVQJJkqQeHLb8c8jUAhl8yYpucm2BoyjYJLGOX91EDCeJ91oWlRsQhMazi5YUSPrNOmnVjbp5BO3N8TQxYZM4hC2xkx7JnZ2tj8r9ZMsXPRGgqVpAiKTxd1UkkxpuNAaFto4CgHFhjXwv6V8h7TjKONLW9D8GZPnofaSck7K3m3p8XyVRZHjhyQQ3JMPHJOyuSGVEiVcPJInskreXOenBfn3fmYti442cwe+SPn8wey3ZZL</latexit>

x1 = `1 sin ✓1
<latexit sha1_base64="33x7SWt1T0746KjqvMuDOO4nOu8=">AAACF3icbZDLSgMxFIYz9VbrbdSlm2ARXJUZEXUjFN24rGAv0BmGTHrahmYuJGfEMvQt3Pgqblwo4lZ3vo3pZaGtPwR+vnNOkvOHqRQaHefbKiwtr6yuFddLG5tb2zv27l5DJ5niUOeJTFQrZBqkiKGOAiW0UgUsCiU0w8H1uN68B6VFEt/hMAU/Yr1YdAVnaFBgV7xOgvnDKHDpJZ14D/uAzAAPpDTY44mmUxi4gV12Ks5EdNG4M1MmM9UC+8tcyrMIYuSSad12nRT9nCkUXMKo5GUaUsYHrAdtY2MWgfbzyV4jemRIh3YTZU6MdEJ/T+Qs0noYhaYzYtjX87Ux/K/WzrB74eciTjOEmE8f6maSYkLHIdGOUMBRDo1hXAnzV8r7TDGOJsqSCcGdX3nRNE4q7lnFvT0tV69mcRTJATkkx8Ql56RKbkiN1Aknj+SZvJI368l6sd6tj2lrwZrN7JM/sj5/ACQHn0Y=</latexit>

ẋ1 = ✓̇1`1 cos ✓1
<latexit sha1_base64="b5QqzMnHoZlItMhUDmrlZShv2V4="></latexit>

ẍ1 = ✓̈1`1 cos ✓1 � ✓̇21`1 sin ✓1

<latexit sha1_base64="QdJfu+QQmc/TByfZvRaz27bmZZI=">AAACBHicbZC7SgNBFIZnvcZ4i1qmGQyCjWFXRG2EoI1lBHOB7LLMTs4mQ2YvzJwVwpLCxlexsVDE1oew822cXApN/GHg4z/ncOb8QSqFRtv+tpaWV1bX1gsbxc2t7Z3d0t5+UyeZ4tDgiUxUO2AapIihgQIltFMFLAoktILBzbjeegClRRLf4zAFL2K9WISCMzSWXyoPfYde0RMXpDTk8kRTF/uAzHf8UsWu2hPRRXBmUCEz1f3Sl9tNeBZBjFwyrTuOnaKXM4WCSxgV3UxDyviA9aBjMGYRaC+fHDGiR8bp0jBR5sVIJ+7viZxFWg+jwHRGDPt6vjY2/6t1MgwvvVzEaYYQ8+miMJMUEzpOhHaFAo5yaIBxJcxfKe8zxTia3IomBGf+5EVonlad86pzd1apXc/iKJAyOSTHxCEXpEZuSZ00CCeP5Jm8kjfryXqx3q2PaeuSNZs5IH9kff4AGyGWfg==</latexit>

y1 = �`1 cos ✓1
<latexit sha1_base64="JgMlWX7JClb1aCavr+kLpNHPkUI=">AAACF3icbZDLSgMxFIYzXmu9VV26CRbBVZkRUTdC0Y3LCvYCnTJk0tM2NJMZkjNCGfoWbnwVNy4Ucas738Z02oW2/hD4+c45Sc4fJlIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e03TJxqDnUey1i3QmZACgV1FCihlWhgUSihGQ5vJvXmA2gjYnWPowQ6Eesr0ROcoUVBqeJ3Y8xG48CjVzT3Pg4AmQU+SGmxb4SiUxh4QansVtxcdNF4M1MmM9WC0pe9lKcRKOSSGdP23AQ7GdMouIRx0U8NJIwPWR/a1ioWgelk+V5jemxJl/ZibY9CmtPfExmLjBlFoe2MGA7MfG0C/6u1U+xddjKhkhRB8elDvVRSjOkkJNoVGjjKkTWMa2H/SvmAacbRRlm0IXjzKy+axmnFO694d2fl6vUsjgI5JEfkhHjkglTJLamROuHkkTyTV/LmPDkvzrvzMW1dcmYzB+SPnM8fLY6fTA==</latexit>

ẏ1 = ✓̇1`1 sin ✓1
<latexit sha1_base64="Yf7pQoQOjenUzZvouCg367tWgKU="></latexit>

ÿ1 = ✓̈1`1 sin ✓1 + ✓̇21`1 cos ✓1

Pendulum 2

<latexit sha1_base64="K9fvqbgybxdrllPV5ZrwetBejtQ="></latexit>

ẋ2 = ẋ1 + ✓̇2`2 cos ✓2 = ✓̇1`1 cos ✓1 + ✓̇2`2 cos ✓2
<latexit sha1_base64="H3YF/5a2a132c8cgK1UAoHTkvnQ="></latexit>

ẍ2 = ẍ1 + ✓̈2`2 cos ✓2 � ✓̇22`2 sin ✓2 = ✓̈1`1 cos ✓1 � ✓̇21`1 sin ✓1 + ✓̈2`2 cos ✓2 � ✓̇22`2 sin ✓2

<latexit sha1_base64="4nkBlwGS7tGivGNQDhdYS75n8wo=">AAACNXicdZDLSgMxFIYzXmu9jbp0EyyCIJQZEXUjFN24cFHBqtApQyY9tcFMZkjOSEvpS7nxPVzpwoUibn0F0+ksvB4I/Pn+c0jOH6VSGPS8J2dicmp6ZrY0V55fWFxadldWL0ySaQ4NnshEX0XMgBQKGihQwlWqgcWRhMvo5njkX96CNiJR59hPoRWzayU6gjO0KHRPe+EOPaS90KfbNAAp7TUwQgXYBWS5l1M/p7TA/zSHbsWrennR38IvRIUUVQ/dh6Cd8CwGhVwyY5q+l2JrwDQKLmFYDjIDKeM37BqaVioWg2kN8q2HdNOSNu0k2h6FNKdfJwYsNqYfR7YzZtg1P70R/MtrZtg5aA2ESjMExccPdTJJMaGjCGlbaOAo+1YwroX9K+VdphlHG3TZhuD/XPm3uNip+ntV/2y3Ujsq4iiRdbJBtohP9kmNnJA6aRBO7sgjeSGvzr3z7Lw57+PWCaeYWSPfyvn4BMMFqIE=</latexit>

x2 = x1 + `2 sin ✓2 = `1 sin ✓1 + `2 sin ✓2
<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="MI4iaa9t3elN9cdAdp9GIeCMAnU=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoxmUF+5B2KJk004YmM0NyRyxDv8KNC0Xc+jnu/BvTdhbaeiBwOOcecu8JEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FBFvoEDJ24nmVAWSt4LRzdRvPXJtRBzd4zjhvqKDSISCUbTSQ7cfY/Y06VV7pbJbcWcgy8TLSRly1HulL5tlqeIRMkmN6Xhugn5GNQom+aTYTQ1PKBvRAe9YGlHFjZ/NFp6QU6v0SRhr+yIkM/V3IqPKmLEK7KSiODSL3lT8z+ukGF75mYiSFHnE5h+FqSQYk+n1pC80ZyjHllCmhd2VsCHVlKHtqGhL8BZPXibNasW7qHh35+XadV5HAY7hBM7Ag0uowS3UoQEMFDzDK7w52nlx3p2P+eiKk2eO4A+czx/tupB+</latexit>

ẋ2
<latexit sha1_base64="3U6RacfBcHiqY8SKzRIiMyV21z0=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE8laSIeix68VjBfmBbymazaZdudsPuRCyh/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLEsENet63s7K6tr6xWdgqbu/s7u2XDg6bRqWasgZVQul2QAwTXLIGchSsnWhG4kCwVjC6mfqtR6YNV/IexwnrxWQgecQpQSs9dMNQYfY06Vf7pbJX8WZwl4mfkzLkqPdLX91Q0TRmEqkgxnR8L8FeRjRyKtik2E0NSwgdkQHrWCpJzEwvm108cU+tErqR0rYkujP190RGYmPGcWA7Y4JDs+hNxf+8TorRVS/jMkmRSTpfFKXCReVO33dDrhlFMbaEUM3trS4dEk0o2pCKNgR/8eVl0qxW/IuKf3derl3ncRTgGE7gDHy4hBrcQh0aQEHCM7zCm2OcF+fd+Zi3rjj5zBH8gfP5A63JkOw=</latexit>

ẍ2

<latexit sha1_base64="rD/K3R7nRe/VP/0rUdW1BEbPSTk=">AAACOnicdVDLSgMxFM34dnxVXboJFsGNZVJE3RRENy4tWC10ypBJb9vQzIPkjjAUv8uNX+HOhRsXirj1A0zbWajVA4GTc84luSdMlTToeU/OzOzc/MLi0rK7srq2vlHa3Lo2SaYFNESiEt0MuQElY2igRAXNVAOPQgU34eB85N/cgjYyia8wT6Ed8V4su1JwtFJQqudBldZoHjB6QH1Qyl59kRjqYx+QB1W35hYG+2Ew9598UCp7FW8MOk1YQcqkwGVQevQ7icgiiFEobkyLeSm2h1yjFAruXD8zkHIx4D1oWRrzCEx7OF79ju5ZpUO7ibYnRjpWv08MeWRMHoU2GXHsm9/eSPzLa2XYPWkPZZxmCLGYPNTNFMWEjnqkHalBoMot4UJL+1cq+lxzgbbtUQns98rT5LpaYUcVVj8sn54VdSyRHbJL9gkjx+SUXJBL0iCC3JNn8krenAfnxXl3PibRGaeY2SY/4Hx+AUdyqP8=</latexit>

y2 = y1 � `2 cos ✓2 = �`1 cos ✓1 � `2 cos ✓2
<latexit sha1_base64="knRqiNCn2fbum80My9XMGaByInI="></latexit>

ẏ2 = ẏ1 + ✓̇2`2 sin ✓2 = ✓̇1`1 sin ✓1 + ✓̇2`2 sin ✓2
<latexit sha1_base64="g8tzsyrqe4wHK+3OhSehoY3nqlE="></latexit>

ÿ2 = ÿ1 + ✓̈2`2 sin ✓2 + ✓̇22`2 cos ✓2 = ✓̈1`1 sin ✓1 + ✓̇21`1 cos ✓1 + ✓̈2`2 sin ✓2 + ✓̇22`2 cos ✓2

<latexit sha1_base64="eYAgKqSiYd8jVtwyJdBmRglvFEY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2m3bpZhN2J0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xCzhfkSHSoSCUbTSQ9av9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/QnVKJjk01IvNTyhbEyHvGupohE3/mR+6pScWWVAwljbUkjm6u+JCY2MyaLAdkYUR2bZm4n/ed0Uw2t/IlSSIldssShMJcGYzP4mA6E5Q5lZQpkW9lbCRlRThjadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEQso2o</latexit>y2
<latexit sha1_base64="gGiPFGcKp6/1/QH9DHgsTY188rE=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ie0Q8mkmTY0mRmSO0IZ+hVuXCji1s9x59+YtrPQ1gOBwzn3kHtPkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUkS8iQIl7ySaUxVI3g7GtzO//cS1EXH0gJOE+4oOIxEKRtFKj71BjNlk2q/1yxW36s5BVomXkwrkaPTLXzbLUsUjZJIa0/XcBP2MahRM8mmplxqeUDamQ961NKKKGz+bLzwlZ1YZkDDW9kVI5urvREaVMRMV2ElFcWSWvZn4n9dNMbz2MxElKfKILT4KU0kwJrPryUBozlBOLKFMC7srYSOqKUPbUcmW4C2fvEpatap3WfXuLyr1m7yOIpzAKZyDB1dQhztoQBMYKHiGV3hztPPivDsfi9GCk2eO4Q+czx/vQZB/</latexit>

ẏ2
<latexit sha1_base64="iBRSr7ZMpp7ofNgrR23/ViT4uIA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae2oWw2m3bpZjfsboQQ+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbmd+94kqzaR4MFlC/RiPBIsYwcZKj4MwlCbPpsPGsFpz6+4caJV4BalBgdaw+jUIJUljKgzhWOu+5ybGz7EyjHA6rQxSTRNMJnhE+5YKHFPt5/OLp+jMKiGKpLIlDJqrvydyHGudxYHtjLEZ62VvJv7n9VMTXfs5E0lqqCCLRVHKkZFo9j4KmaLE8MwSTBSztyIyxgoTY0Oq2BC85ZdXSadR9y7r3v1FrXlTxFGGEziFc/DgCppwBy1oAwEBz/AKb452Xpx352PRWnKKmWP4A+fzB69QkO0=</latexit>

ÿ2

Dynamics:

Pendulum 1:

Pendulum 2:

<latexit sha1_base64="oYpzKOEU7uBM8E6EQg7MRDVsb8M="></latexit>

z =

2

664

✓1
✓2
✓̇1
✓̇2

3

775

Dynamics…
<latexit sha1_base64="l2Ugl02wXDnbzBSKXsioGAyh6Dw=">AAACD3icbVDLSgMxFL1TX7W+Rl26CRbFjWVGRN0IRUHcCBXsA9qxZNJMG5p5kGSEMswfuPFX3LhQxK1bd/6NmT5AWw8Ezj3nXnLvcSPOpLKsbyM3N7+wuJRfLqysrq1vmJtbNRnGgtAqCXkoGi6WlLOAVhVTnDYiQbHvclp3+5eZX3+gQrIwuFODiDo+7gbMYwQrLbXN/ZaPVc/1EpyiczQpbtL75NBOJ+VV2jaLVskaAs0Se0yKMEalbX61OiGJfRoowrGUTduKlJNgoRjhNC20YkkjTPq4S5uaBtin0kmG96RoTysd5IVCv0Chofp7IsG+lAPf1Z3ZhnLay8T/vGasvDMnYUEUKxqQ0UdezJEKURYO6jBBieIDTTARTO+KSA8LTJSOsKBDsKdPniW1o5J9UrJvj4vli3EcediBXTgAG06hDNdQgSoQeIRneIU348l4Md6Nj1FrzhjPbMMfGJ8//aucpA==</latexit>

a = M�1F
<latexit sha1_base64="vg8z73vZLD9idFyYoZ2KNthBrA4="></latexit>

(m1 +m2)`21 m2`2`1 cos(✓2 � ✓1)
m2`2`1 cos(✓2 � ✓1) m2`22

� <latexit sha1_base64="+KhRvj6q0fr2GXwQhG40spE5OW4=">AAACKXicbVDLSgMxFM34rPVVdekmWARXZaaIuiy6cVnBPqBTSiZz24ZmMkNyRyxDf8eNv+JGQVG3/ojpA9HWA4HDOfeQe0+QSGHQdT+cpeWV1bX13EZ+c2t7Z7ewt183cao51HgsY90MmAEpFNRQoIRmooFFgYRGMLga+4070EbE6haHCbQj1lOiKzhDK3UKFT+AnlBZEDHU4n5E/TCMMfOxD8hGHY/6/pxUpj6o8CfQKRTdkjsBXSTejBTJDNVO4cUPY55GoJBLZkzLcxNsZ0yj4BJGeT81kDA+YD1oWapYBKadTS4d0WOrhLQba/sU0on6O5GxyJhhFNhJu1/fzHtj8T+vlWL3op0JlaQIik8/6qaSYkzHtdFQaOAoh5YwroXdlfI+04yjLTdvS/DmT14k9XLJOyt5N6fFyuWsjhw5JEfkhHjknFTINamSGuHkgTyRV/LmPDrPzrvzOR1dcmaZA/IHztc343SoPg==</latexit>
✓̈1
✓̈2

� <latexit sha1_base64="ccMf1NPkQJVlXbCitVl9jvwZqG8="></latexit>
m2✓̇22`2`1 sin(✓2 � ✓1)� (m1 +m2)`1 sin ✓1g

�m2✓̇21`1`2 sin(✓2 � ✓1)

�
<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> ( <latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="cD4k4KNzpmj/EC8Ge0xqniELPZI=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiGzdCBfvAtpRMeqcNzWSGJCOUoX/hxoUibv0bd/6NmXYW2nogcDjnXnLu8WPBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpKFMMGi0Sk2j7VKLjEhuFGYDtWSENfYMsf32R+6wmV5pF8MJMYeyEdSh5wRo2VHrshNSM/SO+m/XLFrbozkGXi5aQCOer98ld3ELEkRGmYoFp3PDc2vZQqw5nAaambaIwpG9MhdiyVNETdS2eJp+TEKgMSRMo+achM/b2R0lDrSejbySyhXvQy8T+vk5jgqpdyGScGJZt/FCSCmIhk55MBV8iMmFhCmeI2K2EjqigztqSSLcFbPHmZNM+q3kXVuz+v1K7zOopwBMdwCh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxHC06+cwh/4Hz+AL3akPc=</latexit>

M
<latexit sha1_base64="Uj6nJ3AsEVHd4YV8iSLkuEEseJM=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EcRSEGZ32qzW37s5AlolXkBoUaParX71BzNKIK2SSGtP13AT9jGoUTPJppZcanlA2pkPetVTRiBs/myWekhOrDEgYa/sUkpn6eyOjkTGTKLCTeUKz6OXif143xfDKz4RKUuSKzT8KU0kwJvn5ZCA0ZygnllCmhc1K2IhqytCWVLEleIsnL5P2Wd27qHt357XGdVFHGY7gGE7Bg0towC00oQUMFDzDK7w5xnlx3p2P+WjJKXYO4Q+czx/cPpEL</latexit>a

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="sZ49ajG7bco8ZWSalhiKsP33yl4=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiIC4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4WV1bX1jeJmaWt7Z3evvH/Q1FGiGDZYJCLV9qlGwSU2DDcC27FCGvoCW/74JvNbT6g0j+SDmcTYC+lQ8oAzaqz02A2pGflBejvtlytu1Z2BLBMvJxXIUe+Xv7qDiCUhSsME1brjubHppVQZzgROS91EY0zZmA6xY6mkIepeOks8JSdWGZAgUvZJQ2bq742UhlpPQt9OZgn1opeJ/3mdxARXvZTLODEo2fyjIBHERCQ7nwy4QmbExBLKFLdZCRtRRZmxJZVsCd7iycukeVb1Lqre/Xmldp3XUYQjOIZT8OASanAHdWgAAwnP8ApvjnZenHfnYz5acPKdQ/gD5/MHszeQ8A==</latexit>

F

Linearization…

Linearization
<latexit sha1_base64="sSe0ShM6AhWwXoGkEu8N+HKyRhI=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBDiJeyKqBch6MVjBPOAZA2zk9lkyOyDmV4lWfIfXjwo4tV/8ebfOEn2oIkFDUVV90x3ebEUGm3721paXlldW89t5De3tnd2C3v7dR0livEai2Skmh7VXIqQ11Cg5M1YcRp4kje8wc3EbzxypUUU3uMw5m5Ae6HwBaNopId2N8J0NCZXxC+NTjqFol22pyCLxMlIETJUO4Uv8wBLAh4ik1TrlmPH6KZUoWCSj/PtRPOYsgHt8ZahIQ24dtPp1mNybJQu8SNlKkQyVX9PpDTQehh4pjOg2Nfz3kT8z2sl6F+6qQjjBHnIZh/5iSQYkUkEpCsUZyiHhlCmhNmVsD5VlKEJKm9CcOZPXiT107JzXnbuzoqV6yyOHBzCEZTAgQuowC1UoQYMFDzDK7xZT9aL9W59zFqXrGzmAP7A+vwBbTiRzw==</latexit>

ż = f(z)

<latexit sha1_base64="KJk6aJ9rfd/3nEin2NF3JYzxG1o=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlQQ7ZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fANBxZoI</latexit>

@f

@z
=

<latexit sha1_base64="KJk6aJ9rfd/3nEin2NF3JYzxG1o=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlQQ7ZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fANBxZoI</latexit>

@f

@z
=

<latexit sha1_base64="oYpzKOEU7uBM8E6EQg7MRDVsb8M="></latexit>

z =

2

664

✓1
✓2
✓̇1
✓̇2

3

775
<latexit sha1_base64="SYIXPJmFfhu4vD8FJ6Tb82h/axQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7AekoWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MOVMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WmCG0TyaXqhVhTzgRtG2Y47aWK4iTktBuOb2d+94kqzaR4MJOUBgmOBYsYwcZKnX6TxbE/qNbcujsHWiVeQWpQoDWofvWHkmQJFYZwrLXvuakJcqwMI5xOK/1M0xSTMY6pb6nACdVBPr92is6sMkSRVLaEQXP190SOE60nSWg7E2xGetmbif95fmaimyBnIs0MFWSxKMo4MhLNXkdDpigxfGIJJorZWxEZYYWJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0EZjuw=</latexit>"

<latexit sha1_base64="sPt5zFMtFZrmK4yzsY2e6HpymSQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ae0oWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZqDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbud+94kqzaR4MNOE+jGOBAsZwcZKnUGTRZE/rNbcupsDrRKvIDUo0BpWvwYjSdKYCkM41rrvuYnxM6wMI5zOKoNU0wSTCY5o31KBY6r9LL92hs6sMkKhVLaEQbn6eyLDsdbTOLCdMTZjvezNxf+8fmrCGz9jIkkNFWSxKEw5MhLNX0cjpigxfGoJJorZWxEZY4WJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0Qhju4=</latexit>#
<latexit sha1_base64="5HjW2iGl4seQsOa9B3rFZedjpLo=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2L+3SzSbsboQS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBD8H4JvcfnlBpHst7M0nQj+hQ8pAzaqz02IuoGQVh5k771Zpbd2cgy8QrSA0KNPvVr94gZmmE0jBBte56bmL8jCrDmcBppZdqTCgb0yF2LZU0Qu1ns8RTcmKVAQljZZ80ZKb+3shopPUkCuxknlAvern4n9dNTXjlZ1wmqUHJ5h+FqSAmJvn5ZMAVMiMmllCmuM1K2IgqyowtqWJL8BZPXibts7p3UffuzmuN66KOMhzBMZyCB5fQgFtoQgsYSHiGV3hztPPivDsf89GSU+wcwh84nz+RyZDa</latexit>

0
<latexit sha1_base64="71DMhHkJlS/olet9yA/9B1EuEMY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix60VsL9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxBDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPoPWM0w==</latexit>

I
<latexit sha1_base64="dDHmhDxI9jZj3R0SEpDljDCN5pU=">AAACEHicbVDLSsNAFL3xWeMr6tLNYBFdlUREXRbduKxgH9CEMplO2qGTBzMToYZ8ght/xY0LRdy6dOffOGkDauuBgcM599659/gJZ1LZ9pexsLi0vLJaWTPXNza3tq2d3ZaMU0Fok8Q8Fh0fS8pZRJuKKU47iaA49Dlt+6Orwm/fUSFZHN2qcUK9EA8iFjCClZZ61pHpBgKTzE2wUAxz5IZYDf0gw3n+I97nPatq1+wJ0DxxSlKFEo2e9en2Y5KGNFKEYym7jp0oLysGEk5z000lTTAZ4QHtahrhkEovmxyUo0Ot9FEQC/0ihSbq744Mh1KOQ19XFuvKWa8Q//O6qQouvIxFSapoRKYfBSlHKkZFOqjPBCWKjzXBRDC9KyJDrANSOkNTh+DMnjxPWic156zm3JxW65dlHBXYhwM4BgfOoQ7X0IAmEHiAJ3iBV+PReDbejPdp6YJR9uzBHxgf358enZw=</latexit>

@a

@z
<latexit sha1_base64="KTcTtUnmZcm/a2cj2dg6AHoG/wY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUP++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSvKh4VxWvflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPdoWMtw==</latexit>�<latexit sha1_base64="KTcTtUnmZcm/a2cj2dg6AHoG/wY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUP++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSvKh4VxWvflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPdoWMtw==</latexit>�

<latexit sha1_base64="P/RpPJJglcINGRWdhWm0xSduyG0="></latexit>h
@M�1

@✓1
F @M�1

@✓2
F @M�1

@✓̇1
F @M�1

@✓̇2
F
i
+M�1 @F

@z

<latexit sha1_base64="dDHmhDxI9jZj3R0SEpDljDCN5pU=">AAACEHicbVDLSsNAFL3xWeMr6tLNYBFdlUREXRbduKxgH9CEMplO2qGTBzMToYZ8ght/xY0LRdy6dOffOGkDauuBgcM599659/gJZ1LZ9pexsLi0vLJaWTPXNza3tq2d3ZaMU0Fok8Q8Fh0fS8pZRJuKKU47iaA49Dlt+6Orwm/fUSFZHN2qcUK9EA8iFjCClZZ61pHpBgKTzE2wUAxz5IZYDf0gw3n+I97nPatq1+wJ0DxxSlKFEo2e9en2Y5KGNFKEYym7jp0oLysGEk5z000lTTAZ4QHtahrhkEovmxyUo0Ot9FEQC/0ihSbq744Mh1KOQ19XFuvKWa8Q//O6qQouvIxFSapoRKYfBSlHKkZFOqjPBCWKjzXBRDC9KyJDrANSOkNTh+DMnjxPWic156zm3JxW65dlHBXYhwM4BgfOoQ7X0IAmEHiAJ3iBV+PReDbejPdp6YJR9uzBHxgf358enZw=</latexit>

@a

@z

<latexit sha1_base64="KJk6aJ9rfd/3nEin2NF3JYzxG1o=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlQQ7ZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fANBxZoI</latexit>

@f

@z
=

<latexit sha1_base64="U5cJPmbjd5TWvQMGhVMsQX9Me98="></latexit>

@a

@z
= �M�1

⇥
@M
@✓1

M�1F @M
@✓2

M�1F 0 0
⇤
+M�1 @F

@z

<latexit sha1_base64="sPt5zFMtFZrmK4yzsY2e6HpymSQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ae0oWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZqDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbud+94kqzaR4MNOE+jGOBAsZwcZKnUGTRZE/rNbcupsDrRKvIDUo0BpWvwYjSdKYCkM41rrvuYnxM6wMI5zOKoNU0wSTCY5o31KBY6r9LL92hs6sMkKhVLaEQbn6eyLDsdbTOLCdMTZjvezNxf+8fmrCGz9jIkkNFWSxKEw5MhLNX0cjpigxfGoJJorZWxEZY4WJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0Qhju4=</latexit>#
<latexit sha1_base64="71DMhHkJlS/olet9yA/9B1EuEMY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix60VsL9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxBDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPoPWM0w==</latexit>

I
<latexit sha1_base64="SYIXPJmFfhu4vD8FJ6Tb82h/axQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7AekoWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MOVMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WmCG0TyaXqhVhTzgRtG2Y47aWK4iTktBuOb2d+94kqzaR4MJOUBgmOBYsYwcZKnX6TxbE/qNbcujsHWiVeQWpQoDWofvWHkmQJFYZwrLXvuakJcqwMI5xOK/1M0xSTMY6pb6nACdVBPr92is6sMkSRVLaEQXP190SOE60nSWg7E2xGetmbif95fmaimyBnIs0MFWSxKMo4MhLNXkdDpigxfGIJJorZWxEZYYWJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0EZjuw=</latexit>"

<latexit sha1_base64="U5cJPmbjd5TWvQMGhVMsQX9Me98="></latexit>

@a

@z
= �M�1

⇥
@M
@✓1

M�1F @M
@✓2

M�1F 0 0
⇤
+M�1 @F

@z

<latexit sha1_base64="5HjW2iGl4seQsOa9B3rFZedjpLo=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2L+3SzSbsboQS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBD8H4JvcfnlBpHst7M0nQj+hQ8pAzaqz02IuoGQVh5k771Zpbd2cgy8QrSA0KNPvVr94gZmmE0jBBte56bmL8jCrDmcBppZdqTCgb0yF2LZU0Qu1ns8RTcmKVAQljZZ80ZKb+3shopPUkCuxknlAvern4n9dNTXjlZ1wmqUHJ5h+FqSAmJvn5ZMAVMiMmllCmuM1K2IgqyowtqWJL8BZPXibts7p3UffuzmuN66KOMhzBMZyCB5fQgFtoQgsYSHiGV3hztPPivDsf89GSU+wcwh84nz+RyZDa</latexit>

0



Example: Double Pendulum Free Body Diagrams

<latexit sha1_base64="CXyspah+qlUUfPhmhiNSUkgAc9A=">AAACDHicbVDLSsNAFJ34rPVVdelmsAh1UxIRdSMU3bisYB/QhDKZTNuhM5mQuZGWkA9w46+4caGIWz/AnX/jtM1CWw8MHM499869x48E12Db39bS8srq2npho7i5tb2zW9rbb2qVxJQ1qBIqbvtEM8FD1gAOgrWjmBHpC9byhzeTeuuBxZqr8B7GEfMk6Ye8xykBI3VLZVcnErvARpBWesoM1SdZd4SvsFGDQEE6yozLrtpT4EXi5KSMctS7pS83UDSRLAQqiNYdx47AS0kMnAqWFd1Es4jQIemzjqEhkUx76fSYDB8bJcBmFfNCwFP1d0dKpNZj6RunJDDQ87WJ+F+tk0Dv0kt5GCXAQjr7qJcIDApPksEBjxkFMTaE0JibXTEdkJhQMPkVTQjO/MmLpHladc6rzt1ZuXadx1FAh+gIVZCDLlAN3aI6aiCKHtEzekVv1pP1Yr1bHzPrkpX3HKA/sD5/AEsPmyQ=</latexit>X
(forces)x = mẍ

<latexit sha1_base64="mjn7nTRDDhm42JZLxZ9V48LiSNk=">AAACDHicbVDLSsNAFJ3UV62vqks3g0Wom5KIqBuh6MZlBfuAJpTJZNIOnUxC5kYMIR/gxl9x40IRt36AO//GaZuFth4YOJx77p17jxsJrsA0v43S0vLK6lp5vbKxubW9U93d66gwiSlr01CEcc8ligkuWRs4CNaLYkYCV7CuO76e1Lv3LFY8lHeQRswJyFByn1MCWhpUa7ZKAmwDe4Cs7od6qDrOBym+xFr1vBCyNNcus2FOgReJVZAaKtAaVL9sL6RJwCRQQZTqW2YETkZi4FSwvGInikWEjsmQ9TWVJGDKyabH5PhIKx7Wq+gnAU/V3x0ZCZRKA1c7AwIjNV+biP/V+gn4F07GZZQAk3T2kZ8IDCGeJIM9HjMKItWE0JjrXTEdkZhQ0PlVdAjW/MmLpHPSsM4a1u1prXlVxFFGB+gQ1ZGFzlET3aAWaiOKHtEzekVvxpPxYrwbHzNrySh69tEfGJ8/TiWbJg==</latexit>X
(forces)y = mÿ

<latexit sha1_base64="zrA/+AvbFpMRjyQFA4ThWGGqOIs=">AAACEHicbVDLSgNBEJz1GeMr6tHLYBC9GHYXUS9CUBCPEcwDkrDMzk6SITM7y0yvEJZ8ghd/xYsHRbx69ObfOHkcNLGgoajqprsrTAQ34LrfzsLi0vLKam4tv76xubVd2NmtGZVqyqpUCaUbITFM8JhVgYNgjUQzIkPB6mH/euTXH5g2XMX3MEhYW5JuzDucErBSUDi6CXzcosrgFvQYkMA/kYHfxZdYjowoUpANhoEfFIpuyR0DzxNvSopoikpQ+GpFiqaSxUAFMabpuQm0M6KBU8GG+VZqWEJon3RZ09KYSGba2fihIT60SoQ7StuKAY/V3xMZkcYMZGg7JYGemfVG4n9eM4XORTvjcZICi+lkUScVGBQepYMjrhkFMbCEUM3trZj2iCYUbIZ5G4I3+/I8qfkl76zk3Z0Wy1fTOHJoHx2gY+Shc1RGt6iCqoiiR/SMXtGb8+S8OO/Ox6R1wZnO7KE/cD5/ALmtmyg=</latexit>

F2 cos ✓2 �m2g = m2ÿ2
<latexit sha1_base64="Haqd5X7tbdGa7OCN1du1HT6Ubuc=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ3lpki6kYoCuKygn1AW0omk7ahSWZI7ohl6Ae48VfcuFDErR/gzr8x085CWw8ETs45l+QePxLcgOt+OwuLS8srq7m1/PrG5tZ2YWe3bsJYU1ajoQh10yeGCa5YDTgI1ow0I9IXrOEPr1K/cc+04aG6g1HEOpL0Fe9xSsBK3ULx+Lpbxm3DFW7DgAGxtwssUy0IQkgext2yTbkldwI8T7yMFFGGarfw1Q5CGkumgApiTMtzI+gkRAOngo3z7diwiNAh6bOWpYpIZjrJZJkxPrRKgHuhtkcBnqi/JxIijRlJ3yYlgYGZ9VLxP68VQ++8k3AVxcAUnT7UiwWGEKfN4IBrRkGMLCFUc/tXTAdEEwq2v7wtwZtdeZ7UyyXvtOTdnhQrl1kdObSPDtAR8tAZqqAbVEU1RNEjekav6M15cl6cd+djGl1wspk99AfO5w/Zo5mf</latexit>

�F2 sin ✓2 = m2ẍ2

<latexit sha1_base64="BsmJER8hK0woJRQKOscjhe8JS9U=">AAACIHicbVDLSgMxFM34rPU16tJNsAiCWGaKWDdCUSguK9gHtGXIZNI2NJMZkjtiGfopbvwVNy4U0Z1+jeljYVsPBE7OOZfkHj8WXIPjfFtLyyura+uZjezm1vbOrr23X9NRoiir0khEquETzQSXrAocBGvEipHQF6zu929Gfv2BKc0jeQ+DmLVD0pW8wykBI3l28azsubilucQt6DEg5naKy15hRivgKxyOckEQQfo49FzPzjl5Zwy8SNwpyaEpKp791QoimoRMAhVE66brxNBOiQJOBRtmW4lmMaF90mVNQyUJmW6n4wWH+NgoAe5EyhwJeKz+nUhJqPUg9E0yJNDT895I/M9rJtC5bKdcxgkwSScPdRKBIcKjtnDAFaMgBoYQqrj5K6Y9oggF02nWlODOr7xIaoW8e5F3785zpetpHRl0iI7QCXJREZXQLaqgKqLoCb2gN/RuPVuv1of1OYkuWdOZAzQD6+cXKvagjg==</latexit>

�F1 sin ✓1 + F2 sin ✓2 = m1ẍ1

<latexit sha1_base64="IU3rOlXg+DPTbGWdLmcolf/mCRg=">AAACH3icbVDNSgMxGMzWv1r/qh69BIvgxbJbpHoRikLxWMHaQluWbDZtQ7ObJflWWJa+iRdfxYsHRcRb38a03YNtHQhMZuYj+caLBNdg2xMrt7a+sbmV3y7s7O7tHxQPj560jBVlTSqFVG2PaCZ4yJrAQbB2pBgJPMFa3uhu6reemdJcho+QRKwXkEHI+5wSMJJbrNZdB3ep1LgLQwbE3C5w3a0saBV8g4NpzvclpMnYddxiyS7bM+BV4mSkhDI03OJP15c0DlgIVBCtO44dQS8lCjgVbFzoxppFhI7IgHUMDUnAdC+d7TfGZ0bxcV8qc0LAM/XvREoCrZPAM8mAwFAve1PxP68TQ/+6l/IwioGFdP5QPxYYJJ6WhX2uGAWRGEKo4uavmA6JIhRMpQVTgrO88ip5qpSdatl5uCzVbrM68ugEnaJz5KArVEP3qIGaiKIX9IY+0Kf1ar1bX9b3PJqzspljtABr8gur2aBQ</latexit>

F1 cos ✓1 � F2 cos ✓2 = m1ÿ1

<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3
<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1
<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2

<latexit sha1_base64="Xh4Xc41jus8oyAFvcAsLe257fk4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDv1W09MG67kgx0nLIjJQPKIU2Kd1Byga4T9XrniV/0Z0DLBOalAjnqv/NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ+jEKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gkgsBL768TJpnVXxRxffnldpNHkcRjuAYTgHDJdTgDurQAAqP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwDbNo4B</latexit>

g = 10

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="l5q9WZht3sUz+jWYFI33L+hwNxs=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD7Jf65crXtWbA68SPycVyNHol796g5imkilLBTGm63uJDTKiLaeCTUu91LCE0DEZsq6jikhmgmx+6hSfOWWAo1i7UhbP1d8TGZHGTGToOiWxI7PszcT/vG5qo+sg4ypJLVN0sShKBbYxnv2NB1wzasXEEUI1d7diOiKaUOvSKbkQ/OWXV0mrVvUvq/79RaV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwD+W42c</latexit>m2

<latexit sha1_base64="XJnqmgh0ZkRIDqhReO6BqJpaHgI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRQSG6QbdU9iv+DGSZBDkpQ45at/TV6SmWJSgtE9SYduCnNhxTbTkTOCl2MoMpZUPax7ajkiZowvHs2gk5dUqPxEq7kpbM1N8TY5oYM0oi15lQOzCL3lT8z2tnNr4Ox1ymmUXJ5oviTBCryPR10uMamRUjRyjT3N1K2IBqyqwLqOhCCBZfXiaN80pwWQnuL8rVmzyOAhzDCZxBAFdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDNxSO5Q==</latexit>

`1

<latexit sha1_base64="84YYcP6z7eX/ASnqT1z/sHNFRsU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2k3btZhN2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6qEQ/Vq/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfu2UnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2OhlwhcyIiSWUKW5vJWxEFWXGBlSyIXjLL6+SVq3qXVa9+4tK/SaPowgncArn4MEV1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+ADiYjuY=</latexit>

`2
<latexit sha1_base64="jPKnWjh79y6GY27yQg2IGxpzCig=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGm/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjCQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QPQ44/T</latexit>

✓2

<latexit sha1_base64="HyLAePdg1n0g4TanfCNBWWXds+s=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrOt3yxWv6s3gLhM/JxXIUe+Wvzq9hGcxKuKSGdP2vZSCMdMkuMRJqZMZTBkfsj62LVUsRhOMZ/dO3BOr9Nwo0bYUuTP198SYxcaM4tB2xowGZtGbiv957Yyiq2AsVJoRKj5fFGXSpcSdPu/2hEZOcmQJ41rYW10+YJpxshGVbAj+4svLpHlW9S+q/t15pXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP89fj9I=</latexit>

✓1
<latexit sha1_base64="Xh4Xc41jus8oyAFvcAsLe257fk4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDv1W09MG67kgx0nLIjJQPKIU2Kd1Byga4T9XrniV/0Z0DLBOalAjnqv/NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ+jEKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gkgsBL768TJpnVXxRxffnldpNHkcRjuAYTgHDJdTgDurQAAqP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwDbNo4B</latexit>

g = 10

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="XJnqmgh0ZkRIDqhReO6BqJpaHgI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRQSG6QbdU9iv+DGSZBDkpQ45at/TV6SmWJSgtE9SYduCnNhxTbTkTOCl2MoMpZUPax7ajkiZowvHs2gk5dUqPxEq7kpbM1N8TY5oYM0oi15lQOzCL3lT8z2tnNr4Ox1ymmUXJ5oviTBCryPR10uMamRUjRyjT3N1K2IBqyqwLqOhCCBZfXiaN80pwWQnuL8rVmzyOAhzDCZxBAFdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDNxSO5Q==</latexit>

`1
<latexit sha1_base64="HyLAePdg1n0g4TanfCNBWWXds+s=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrOt3yxWv6s3gLhM/JxXIUe+Wvzq9hGcxKuKSGdP2vZSCMdMkuMRJqZMZTBkfsj62LVUsRhOMZ/dO3BOr9Nwo0bYUuTP198SYxcaM4tB2xowGZtGbiv957Yyiq2AsVJoRKj5fFGXSpcSdPu/2hEZOcmQJ41rYW10+YJpxshGVbAj+4svLpHlW9S+q/t15pXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP89fj9I=</latexit>

✓1
<latexit sha1_base64="l5q9WZht3sUz+jWYFI33L+hwNxs=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD7Jf65crXtWbA68SPycVyNHol796g5imkilLBTGm63uJDTKiLaeCTUu91LCE0DEZsq6jikhmgmx+6hSfOWWAo1i7UhbP1d8TGZHGTGToOiWxI7PszcT/vG5qo+sg4ypJLVN0sShKBbYxnv2NB1wzasXEEUI1d7diOiKaUOvSKbkQ/OWXV0mrVvUvq/79RaV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwD+W42c</latexit>m2

<latexit sha1_base64="84YYcP6z7eX/ASnqT1z/sHNFRsU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2k3btZhN2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6qEQ/Vq/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfu2UnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2OhlwhcyIiSWUKW5vJWxEFWXGBlSyIXjLL6+SVq3qXVa9+4tK/SaPowgncArn4MEV1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+ADiYjuY=</latexit>

`2
<latexit sha1_base64="jPKnWjh79y6GY27yQg2IGxpzCig=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGm/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjCQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QPQ44/T</latexit>

✓2

<latexit sha1_base64="jPKnWjh79y6GY27yQg2IGxpzCig=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGm/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjCQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QPQ44/T</latexit>

✓2

<latexit sha1_base64="Pq8Y5lpI1WrAkKy2RY8QNCh0YLU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPBbY10</latexit>

F1

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="zCz39/UIPWSCc2GsZX4DvhemZTw=">AAAB7HicbVBNSwMxEJ34WetX1aOXYBE8ld0i6rHoxWMFty20S8mm2TY0yS5JVihLf4MXD4p49Qd589+YtnvQ1gcDj/dmmJkXpYIb63nfaG19Y3Nru7RT3t3bPzisHB23TJJpygKaiER3ImKY4IoFllvBOqlmREaCtaPx3cxvPzFteKIe7SRloSRDxWNOiXVSIPt1POxXql7NmwOvEr8gVSjQ7Fe+eoOEZpIpSwUxput7qQ1zoi2ngk3LvcywlNAxGbKuo4pIZsJ8fuwUnztlgONEu1IWz9XfEzmRxkxk5DolsSOz7M3E/7xuZuObMOcqzSxTdLEozgS2CZ59jgdcM2rFxBFCNXe3YjoimlDr8im7EPzll1dJq17zr2r+w2W1cVvEUYJTOIML8OEaGnAPTQiAAodneIU3pNALekcfi9Y1VMycwB+gzx8XA443</latexit>m2g<latexit sha1_base64="FtLDB/g5KAYxuXJvSv+yL1+Zzd0=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V3LbQLiWbZtvQJLskWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUMkmmKQtoIhLdiYhhgisWWG4F66SaERkJ1o7GdzO//cS04Yl6tJOUhZIMFY85JdZJgexjNOxXa37dnwOtElyQGhRo9qtfvUFCM8mUpYIY08V+asOcaMupYNNKLzMsJXRMhqzrqCKSmTCfHztFZ04ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fgmzLlKM8sUXSyKM4FsgmafowHXjFoxcYRQzd2tiI6IJtS6fCouBLz88ippXdTxVR0/XNYat0UcZTiBUzgHDNfQgHtoQgAUODzDK7x5ynvx3r2PRWvJK2aO4Q+8zx8VfY42</latexit>m1g

<latexit sha1_base64="I7WLphtYaFSfmfi8WpFuaYy9pfo=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4MaSEVE3QtGNywr2AW0Ik8mkHTqThJmJUEI2/oobF4q49TPc+TdO2iy09cDlHs65l5l7/IQzpR3n26osLa+srlXXaxubW9s79u5eR8WpJLRNYh7Lno8V5Syibc00p71EUix8Trv++Lbwu49UKhZHD3qSUFfgYcRCRrA2kmcfnAoPwSG8hkUfBEGss0nuIc+uOw1nCrhIUEnqoETLs78GQUxSQSNNOFaqj5xEuxmWmhFO89ogVTTBZIyHtG9ohAVVbjY9IIfHRglgGEtTkYZT9fdGhoVSE+GbSYH1SM17hfif1091eOVmLEpSTSMyeyhMOdQxLNKAAZOUaD4xBBPJzF8hGWGJiTaZ1UwIaP7kRdI5a6CLBro/rzdvyjiq4BAcgROAwCVogjvQAm1AQA6ewSt4s56sF+vd+piNVqxyZx/8gfX5AztXlOo=</latexit>�m1g = m1ÿ1

Pendulum 1

Kinematics

<latexit sha1_base64="b91MtPjv3k5SMwf3uxdltwMmwC0=">AAACA3icbZA9SwNBEIb3/IzxK2qnzWIQrMKdiNoIQRvLCOYDcuHY20ySJXt7x+6cGELAxr9iY6GIrX/Czn/jJrlCE19YeHhnhtl5w0QKg6777SwsLi2vrObW8usbm1vbhZ3dmolTzaHKYxnrRsgMSKGgigIlNBINLAol1MP+9bhevwdtRKzucJBAK2JdJTqCM7RWUNh/CDx6SX2Q0oJvhKI+9gBZ4AWFoltyJ6Lz4GVQJJkqQeHLb8c8jUAhl8yYpucm2BoyjYJLGOX91EDCeJ91oWlRsQhMazi5YUSPrNOmnVjbp5BO3N8TQxYZM4hC2xkx7JnZ2tj8r9ZMsXPRGgqVpAiKTxd1UkkxpuNAaFto4CgHFhjXwv6V8h7TjKONLW9D8GZPnofaSck7K3m3p8XyVRZHjhyQQ3JMPHJOyuSGVEiVcPJInskreXOenBfn3fmYti442cwe+SPn8wey3ZZL</latexit>

x1 = `1 sin ✓1
<latexit sha1_base64="33x7SWt1T0746KjqvMuDOO4nOu8=">AAACF3icbZDLSgMxFIYz9VbrbdSlm2ARXJUZEXUjFN24rGAv0BmGTHrahmYuJGfEMvQt3Pgqblwo4lZ3vo3pZaGtPwR+vnNOkvOHqRQaHefbKiwtr6yuFddLG5tb2zv27l5DJ5niUOeJTFQrZBqkiKGOAiW0UgUsCiU0w8H1uN68B6VFEt/hMAU/Yr1YdAVnaFBgV7xOgvnDKHDpJZ14D/uAzAAPpDTY44mmUxi4gV12Ks5EdNG4M1MmM9UC+8tcyrMIYuSSad12nRT9nCkUXMKo5GUaUsYHrAdtY2MWgfbzyV4jemRIh3YTZU6MdEJ/T+Qs0noYhaYzYtjX87Ux/K/WzrB74eciTjOEmE8f6maSYkLHIdGOUMBRDo1hXAnzV8r7TDGOJsqSCcGdX3nRNE4q7lnFvT0tV69mcRTJATkkx8Ql56RKbkiN1Aknj+SZvJI368l6sd6tj2lrwZrN7JM/sj5/ACQHn0Y=</latexit>

ẋ1 = ✓̇1`1 cos ✓1
<latexit sha1_base64="b5QqzMnHoZlItMhUDmrlZShv2V4="></latexit>

ẍ1 = ✓̈1`1 cos ✓1 � ✓̇21`1 sin ✓1

<latexit sha1_base64="QdJfu+QQmc/TByfZvRaz27bmZZI=">AAACBHicbZC7SgNBFIZnvcZ4i1qmGQyCjWFXRG2EoI1lBHOB7LLMTs4mQ2YvzJwVwpLCxlexsVDE1oew822cXApN/GHg4z/ncOb8QSqFRtv+tpaWV1bX1gsbxc2t7Z3d0t5+UyeZ4tDgiUxUO2AapIihgQIltFMFLAoktILBzbjeegClRRLf4zAFL2K9WISCMzSWXyoPfYde0RMXpDTk8kRTF/uAzHf8UsWu2hPRRXBmUCEz1f3Sl9tNeBZBjFwyrTuOnaKXM4WCSxgV3UxDyviA9aBjMGYRaC+fHDGiR8bp0jBR5sVIJ+7viZxFWg+jwHRGDPt6vjY2/6t1MgwvvVzEaYYQ8+miMJMUEzpOhHaFAo5yaIBxJcxfKe8zxTia3IomBGf+5EVonlad86pzd1apXc/iKJAyOSTHxCEXpEZuSZ00CCeP5Jm8kjfryXqx3q2PaeuSNZs5IH9kff4AGyGWfg==</latexit>

y1 = �`1 cos ✓1
<latexit sha1_base64="JgMlWX7JClb1aCavr+kLpNHPkUI=">AAACF3icbZDLSgMxFIYzXmu9VV26CRbBVZkRUTdC0Y3LCvYCnTJk0tM2NJMZkjNCGfoWbnwVNy4Ucas738Z02oW2/hD4+c45Sc4fJlIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e03TJxqDnUey1i3QmZACgV1FCihlWhgUSihGQ5vJvXmA2gjYnWPowQ6Eesr0ROcoUVBqeJ3Y8xG48CjVzT3Pg4AmQU+SGmxb4SiUxh4QansVtxcdNF4M1MmM9WC0pe9lKcRKOSSGdP23AQ7GdMouIRx0U8NJIwPWR/a1ioWgelk+V5jemxJl/ZibY9CmtPfExmLjBlFoe2MGA7MfG0C/6u1U+xddjKhkhRB8elDvVRSjOkkJNoVGjjKkTWMa2H/SvmAacbRRlm0IXjzKy+axmnFO694d2fl6vUsjgI5JEfkhHjkglTJLamROuHkkTyTV/LmPDkvzrvzMW1dcmYzB+SPnM8fLY6fTA==</latexit>

ẏ1 = ✓̇1`1 sin ✓1
<latexit sha1_base64="Yf7pQoQOjenUzZvouCg367tWgKU="></latexit>

ÿ1 = ✓̈1`1 sin ✓1 + ✓̇21`1 cos ✓1

Pendulum 2

<latexit sha1_base64="K9fvqbgybxdrllPV5ZrwetBejtQ="></latexit>

ẋ2 = ẋ1 + ✓̇2`2 cos ✓2 = ✓̇1`1 cos ✓1 + ✓̇2`2 cos ✓2
<latexit sha1_base64="H3YF/5a2a132c8cgK1UAoHTkvnQ="></latexit>

ẍ2 = ẍ1 + ✓̈2`2 cos ✓2 � ✓̇22`2 sin ✓2 = ✓̈1`1 cos ✓1 � ✓̇21`1 sin ✓1 + ✓̈2`2 cos ✓2 � ✓̇22`2 sin ✓2

<latexit sha1_base64="4nkBlwGS7tGivGNQDhdYS75n8wo=">AAACNXicdZDLSgMxFIYzXmu9jbp0EyyCIJQZEXUjFN24cFHBqtApQyY9tcFMZkjOSEvpS7nxPVzpwoUibn0F0+ksvB4I/Pn+c0jOH6VSGPS8J2dicmp6ZrY0V55fWFxadldWL0ySaQ4NnshEX0XMgBQKGihQwlWqgcWRhMvo5njkX96CNiJR59hPoRWzayU6gjO0KHRPe+EOPaS90KfbNAAp7TUwQgXYBWS5l1M/p7TA/zSHbsWrennR38IvRIUUVQ/dh6Cd8CwGhVwyY5q+l2JrwDQKLmFYDjIDKeM37BqaVioWg2kN8q2HdNOSNu0k2h6FNKdfJwYsNqYfR7YzZtg1P70R/MtrZtg5aA2ESjMExccPdTJJMaGjCGlbaOAo+1YwroX9K+VdphlHG3TZhuD/XPm3uNip+ntV/2y3Ujsq4iiRdbJBtohP9kmNnJA6aRBO7sgjeSGvzr3z7Lw57+PWCaeYWSPfyvn4BMMFqIE=</latexit>

x2 = x1 + `2 sin ✓2 = `1 sin ✓1 + `2 sin ✓2
<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="MI4iaa9t3elN9cdAdp9GIeCMAnU=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoxmUF+5B2KJk004YmM0NyRyxDv8KNC0Xc+jnu/BvTdhbaeiBwOOcecu8JEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FBFvoEDJ24nmVAWSt4LRzdRvPXJtRBzd4zjhvqKDSISCUbTSQ7cfY/Y06VV7pbJbcWcgy8TLSRly1HulL5tlqeIRMkmN6Xhugn5GNQom+aTYTQ1PKBvRAe9YGlHFjZ/NFp6QU6v0SRhr+yIkM/V3IqPKmLEK7KSiODSL3lT8z+ukGF75mYiSFHnE5h+FqSQYk+n1pC80ZyjHllCmhd2VsCHVlKHtqGhL8BZPXibNasW7qHh35+XadV5HAY7hBM7Ag0uowS3UoQEMFDzDK7w52nlx3p2P+eiKk2eO4A+czx/tupB+</latexit>

ẋ2
<latexit sha1_base64="3U6RacfBcHiqY8SKzRIiMyV21z0=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE8laSIeix68VjBfmBbymazaZdudsPuRCyh/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLEsENet63s7K6tr6xWdgqbu/s7u2XDg6bRqWasgZVQul2QAwTXLIGchSsnWhG4kCwVjC6mfqtR6YNV/IexwnrxWQgecQpQSs9dMNQYfY06Vf7pbJX8WZwl4mfkzLkqPdLX91Q0TRmEqkgxnR8L8FeRjRyKtik2E0NSwgdkQHrWCpJzEwvm108cU+tErqR0rYkujP190RGYmPGcWA7Y4JDs+hNxf+8TorRVS/jMkmRSTpfFKXCReVO33dDrhlFMbaEUM3trS4dEk0o2pCKNgR/8eVl0qxW/IuKf3derl3ncRTgGE7gDHy4hBrcQh0aQEHCM7zCm2OcF+fd+Zi3rjj5zBH8gfP5A63JkOw=</latexit>

ẍ2

<latexit sha1_base64="rD/K3R7nRe/VP/0rUdW1BEbPSTk=">AAACOnicdVDLSgMxFM34dnxVXboJFsGNZVJE3RRENy4tWC10ypBJb9vQzIPkjjAUv8uNX+HOhRsXirj1A0zbWajVA4GTc84luSdMlTToeU/OzOzc/MLi0rK7srq2vlHa3Lo2SaYFNESiEt0MuQElY2igRAXNVAOPQgU34eB85N/cgjYyia8wT6Ed8V4su1JwtFJQqudBldZoHjB6QH1Qyl59kRjqYx+QB1W35hYG+2Ew9598UCp7FW8MOk1YQcqkwGVQevQ7icgiiFEobkyLeSm2h1yjFAruXD8zkHIx4D1oWRrzCEx7OF79ju5ZpUO7ibYnRjpWv08MeWRMHoU2GXHsm9/eSPzLa2XYPWkPZZxmCLGYPNTNFMWEjnqkHalBoMot4UJL+1cq+lxzgbbtUQns98rT5LpaYUcVVj8sn54VdSyRHbJL9gkjx+SUXJBL0iCC3JNn8krenAfnxXl3PibRGaeY2SY/4Hx+AUdyqP8=</latexit>

y2 = y1 � `2 cos ✓2 = �`1 cos ✓1 � `2 cos ✓2
<latexit sha1_base64="knRqiNCn2fbum80My9XMGaByInI="></latexit>

ẏ2 = ẏ1 + ✓̇2`2 sin ✓2 = ✓̇1`1 sin ✓1 + ✓̇2`2 sin ✓2
<latexit sha1_base64="g8tzsyrqe4wHK+3OhSehoY3nqlE="></latexit>

ÿ2 = ÿ1 + ✓̈2`2 sin ✓2 + ✓̇22`2 cos ✓2 = ✓̈1`1 sin ✓1 + ✓̇21`1 cos ✓1 + ✓̈2`2 sin ✓2 + ✓̇22`2 cos ✓2

<latexit sha1_base64="eYAgKqSiYd8jVtwyJdBmRglvFEY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2m3bpZhN2J0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xCzhfkSHSoSCUbTSQ9av9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/QnVKJjk01IvNTyhbEyHvGupohE3/mR+6pScWWVAwljbUkjm6u+JCY2MyaLAdkYUR2bZm4n/ed0Uw2t/IlSSIldssShMJcGYzP4mA6E5Q5lZQpkW9lbCRlRThjadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEQso2o</latexit>y2
<latexit sha1_base64="gGiPFGcKp6/1/QH9DHgsTY188rE=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ie0Q8mkmTY0mRmSO0IZ+hVuXCji1s9x59+YtrPQ1gOBwzn3kHtPkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUkS8iQIl7ySaUxVI3g7GtzO//cS1EXH0gJOE+4oOIxEKRtFKj71BjNlk2q/1yxW36s5BVomXkwrkaPTLXzbLUsUjZJIa0/XcBP2MahRM8mmplxqeUDamQ961NKKKGz+bLzwlZ1YZkDDW9kVI5urvREaVMRMV2ElFcWSWvZn4n9dNMbz2MxElKfKILT4KU0kwJrPryUBozlBOLKFMC7srYSOqKUPbUcmW4C2fvEpatap3WfXuLyr1m7yOIpzAKZyDB1dQhztoQBMYKHiGV3hztPPivDsfi9GCk2eO4Q+czx/vQZB/</latexit>

ẏ2
<latexit sha1_base64="iBRSr7ZMpp7ofNgrR23/ViT4uIA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae2oWw2m3bpZjfsboQQ+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbmd+94kqzaR4MFlC/RiPBIsYwcZKj4MwlCbPpsPGsFpz6+4caJV4BalBgdaw+jUIJUljKgzhWOu+5ybGz7EyjHA6rQxSTRNMJnhE+5YKHFPt5/OLp+jMKiGKpLIlDJqrvydyHGudxYHtjLEZ62VvJv7n9VMTXfs5E0lqqCCLRVHKkZFo9j4KmaLE8MwSTBSztyIyxgoTY0Oq2BC85ZdXSadR9y7r3v1FrXlTxFGGEziFc/DgCppwBy1oAwEBz/AKb452Xpx352PRWnKKmWP4A+fzB69QkO0=</latexit>

ÿ2

Dynamics:

Pendulum 1:

Pendulum 2:

<latexit sha1_base64="yEkC3nyhk0+WR/Wc5H6P6wWQ4gE="></latexit>

@M

@✓1
=


0 m2`2`1 sin(✓2 � ✓1)

m2`2`1 sin(✓2 � ✓1) 0

�

<latexit sha1_base64="iqNAS1RefEFOAsavs1huACxr8BA="></latexit>

@M

@✓2
=


0 �m2`2`1 sin(✓2 � ✓1)

�m2`2`1 sin(✓2 � ✓1) 0

�

<latexit sha1_base64="TfobIaLfR4KjSHDjOE14l1DPNHw="></latexit>
0 m22✓̇2`2`1 sin(✓2 � ✓1)

�m22✓̇1`1`2 sin(✓2 � ✓1) 0

�<latexit sha1_base64="I7+2BJAemJOoOmSKLxdhvBbE7aI="></latexit>

@F

@z
=


�m2✓̇22`2`1 cos(✓2 � ✓1)� (m1 +m2)`1 cos ✓1g m2✓̇22`2`1 cos(✓2 � ✓1)

m2✓̇21`1`2 cos(✓2 � ✓1) �m2✓̇21`1`2 cos(✓2 � ✓1)

�

<latexit sha1_base64="oYpzKOEU7uBM8E6EQg7MRDVsb8M="></latexit>

z =

2

664

✓1
✓2
✓̇1
✓̇2

3

775

<latexit sha1_base64="dDOEXUzGuYD/5/QqgHUtANWYeL8="></latexit>

det(M) = m2`
2
1`

2
2

�
m1 �m2 sin

2(✓2 � ✓1)
�

<latexit sha1_base64="0fBb0J7JRJX7USzc56ObzJzPuNM="></latexit>
m2`22 �m2`2`1 cos(✓2 � ✓1)

�m2`2`1 cos(✓2 � ✓1) (m1 +m2)`21

�<latexit sha1_base64="2EpLJARI9h79Wr4T8vDi7sn+srY=">AAACG3icbVDLSgMxFM34tr6qLt0Ei1AXlhkRdSOIbtwIFawKnVoy6Z02mHmQ3BFLmP9w46+4caGIK8GFf2P6AB/1QOBwzrnk3hOkUmh03U9nbHxicmp6ZrYwN7+wuFRcXrnQSaY41HgiE3UVMA1SxFBDgRKuUgUsCiRcBjfHPf/yFpQWSXyO3RQaEWvHIhScoZWaxW0/YtgJQnOaX5stL6cH1A8V48bLjY9wh6YFmJe/U5t5s1hyK24fdJR4Q1IiQ1SbxXe/lfAsghi5ZFrXPTfFhmEKBZeQF/xMQ8r4DWtD3dKYRaAbpn9bTjes0qJhouyLkfbVnxOGRVp3o8Amezvqv15P/M+rZxjuN4yI0wwh5oOPwkxSTGivKNoSCjjKriWMK2F3pbzDbDVo6yzYEry/J4+Si+2Kt1vxznZKh0fDOmbIGlknZeKRPXJITkiV1Agn9+SRPJMX58F5cl6dt0F0zBnOrJJfcD6+AIUTobw=</latexit>

M�1 =
1

det(M)

Dynamics…
<latexit sha1_base64="l2Ugl02wXDnbzBSKXsioGAyh6Dw=">AAACD3icbVDLSgMxFL1TX7W+Rl26CRbFjWVGRN0IRUHcCBXsA9qxZNJMG5p5kGSEMswfuPFX3LhQxK1bd/6NmT5AWw8Ezj3nXnLvcSPOpLKsbyM3N7+wuJRfLqysrq1vmJtbNRnGgtAqCXkoGi6WlLOAVhVTnDYiQbHvclp3+5eZX3+gQrIwuFODiDo+7gbMYwQrLbXN/ZaPVc/1EpyiczQpbtL75NBOJ+VV2jaLVskaAs0Se0yKMEalbX61OiGJfRoowrGUTduKlJNgoRjhNC20YkkjTPq4S5uaBtin0kmG96RoTysd5IVCv0Chofp7IsG+lAPf1Z3ZhnLay8T/vGasvDMnYUEUKxqQ0UdezJEKURYO6jBBieIDTTARTO+KSA8LTJSOsKBDsKdPniW1o5J9UrJvj4vli3EcediBXTgAG06hDNdQgSoQeIRneIU348l4Md6Nj1FrzhjPbMMfGJ8//aucpA==</latexit>

a = M�1F
<latexit sha1_base64="vg8z73vZLD9idFyYoZ2KNthBrA4="></latexit>

(m1 +m2)`21 m2`2`1 cos(✓2 � ✓1)
m2`2`1 cos(✓2 � ✓1) m2`22

� <latexit sha1_base64="+KhRvj6q0fr2GXwQhG40spE5OW4=">AAACKXicbVDLSgMxFM34rPVVdekmWARXZaaIuiy6cVnBPqBTSiZz24ZmMkNyRyxDf8eNv+JGQVG3/ojpA9HWA4HDOfeQe0+QSGHQdT+cpeWV1bX13EZ+c2t7Z7ewt183cao51HgsY90MmAEpFNRQoIRmooFFgYRGMLga+4070EbE6haHCbQj1lOiKzhDK3UKFT+AnlBZEDHU4n5E/TCMMfOxD8hGHY/6/pxUpj6o8CfQKRTdkjsBXSTejBTJDNVO4cUPY55GoJBLZkzLcxNsZ0yj4BJGeT81kDA+YD1oWapYBKadTS4d0WOrhLQba/sU0on6O5GxyJhhFNhJu1/fzHtj8T+vlWL3op0JlaQIik8/6qaSYkzHtdFQaOAoh5YwroXdlfI+04yjLTdvS/DmT14k9XLJOyt5N6fFyuWsjhw5JEfkhHjknFTINamSGuHkgTyRV/LmPDrPzrvzOR1dcmaZA/IHztc343SoPg==</latexit>
✓̈1
✓̈2

� <latexit sha1_base64="ccMf1NPkQJVlXbCitVl9jvwZqG8="></latexit>
m2✓̇22`2`1 sin(✓2 � ✓1)� (m1 +m2)`1 sin ✓1g

�m2✓̇21`1`2 sin(✓2 � ✓1)

�
<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> ( <latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="cD4k4KNzpmj/EC8Ge0xqniELPZI=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiGzdCBfvAtpRMeqcNzWSGJCOUoX/hxoUibv0bd/6NmXYW2nogcDjnXnLu8WPBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpKFMMGi0Sk2j7VKLjEhuFGYDtWSENfYMsf32R+6wmV5pF8MJMYeyEdSh5wRo2VHrshNSM/SO+m/XLFrbozkGXi5aQCOer98ld3ELEkRGmYoFp3PDc2vZQqw5nAaambaIwpG9MhdiyVNETdS2eJp+TEKgMSRMo+achM/b2R0lDrSejbySyhXvQy8T+vk5jgqpdyGScGJZt/FCSCmIhk55MBV8iMmFhCmeI2K2EjqigztqSSLcFbPHmZNM+q3kXVuz+v1K7zOopwBMdwCh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxHC06+cwh/4Hz+AL3akPc=</latexit>

M
<latexit sha1_base64="Uj6nJ3AsEVHd4YV8iSLkuEEseJM=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EcRSEGZ32qzW37s5AlolXkBoUaParX71BzNKIK2SSGtP13AT9jGoUTPJppZcanlA2pkPetVTRiBs/myWekhOrDEgYa/sUkpn6eyOjkTGTKLCTeUKz6OXif143xfDKz4RKUuSKzT8KU0kwJvn5ZCA0ZygnllCmhc1K2IhqytCWVLEleIsnL5P2Wd27qHt357XGdVFHGY7gGE7Bg0towC00oQUMFDzDK7w5xnlx3p2P+WjJKXYO4Q+czx/cPpEL</latexit>a

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="sZ49ajG7bco8ZWSalhiKsP33yl4=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiIC4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4WV1bX1jeJmaWt7Z3evvH/Q1FGiGDZYJCLV9qlGwSU2DDcC27FCGvoCW/74JvNbT6g0j+SDmcTYC+lQ8oAzaqz02A2pGflBejvtlytu1Z2BLBMvJxXIUe+Xv7qDiCUhSsME1brjubHppVQZzgROS91EY0zZmA6xY6mkIepeOks8JSdWGZAgUvZJQ2bq742UhlpPQt9OZgn1opeJ/3mdxARXvZTLODEo2fyjIBHERCQ7nwy4QmbExBLKFLdZCRtRRZmxJZVsCd7iycukeVb1Lqre/Xmldp3XUYQjOIZT8OASanAHdWgAAwnP8ApvjnZenHfnYz5acPKdQ/gD5/MHszeQ8A==</latexit>

F

Linearization…

Linearization
<latexit sha1_base64="sSe0ShM6AhWwXoGkEu8N+HKyRhI=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBDiJeyKqBch6MVjBPOAZA2zk9lkyOyDmV4lWfIfXjwo4tV/8ebfOEn2oIkFDUVV90x3ebEUGm3721paXlldW89t5De3tnd2C3v7dR0livEai2Skmh7VXIqQ11Cg5M1YcRp4kje8wc3EbzxypUUU3uMw5m5Ae6HwBaNopId2N8J0NCZXxC+NTjqFol22pyCLxMlIETJUO4Uv8wBLAh4ik1TrlmPH6KZUoWCSj/PtRPOYsgHt8ZahIQ24dtPp1mNybJQu8SNlKkQyVX9PpDTQehh4pjOg2Nfz3kT8z2sl6F+6qQjjBHnIZh/5iSQYkUkEpCsUZyiHhlCmhNmVsD5VlKEJKm9CcOZPXiT107JzXnbuzoqV6yyOHBzCEZTAgQuowC1UoQYMFDzDK7xZT9aL9W59zFqXrGzmAP7A+vwBbTiRzw==</latexit>

ż = f(z)

<latexit sha1_base64="KJk6aJ9rfd/3nEin2NF3JYzxG1o=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlQQ7ZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fANBxZoI</latexit>

@f

@z
=

<latexit sha1_base64="KJk6aJ9rfd/3nEin2NF3JYzxG1o=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlQQ7ZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fANBxZoI</latexit>

@f

@z
=

<latexit sha1_base64="oYpzKOEU7uBM8E6EQg7MRDVsb8M="></latexit>

z =

2

664

✓1
✓2
✓̇1
✓̇2

3

775
<latexit sha1_base64="SYIXPJmFfhu4vD8FJ6Tb82h/axQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7AekoWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MOVMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WmCG0TyaXqhVhTzgRtG2Y47aWK4iTktBuOb2d+94kqzaR4MJOUBgmOBYsYwcZKnX6TxbE/qNbcujsHWiVeQWpQoDWofvWHkmQJFYZwrLXvuakJcqwMI5xOK/1M0xSTMY6pb6nACdVBPr92is6sMkSRVLaEQXP190SOE60nSWg7E2xGetmbif95fmaimyBnIs0MFWSxKMo4MhLNXkdDpigxfGIJJorZWxEZYYWJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0EZjuw=</latexit>"

<latexit sha1_base64="sPt5zFMtFZrmK4yzsY2e6HpymSQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ae0oWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZqDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbud+94kqzaR4MNOE+jGOBAsZwcZKnUGTRZE/rNbcupsDrRKvIDUo0BpWvwYjSdKYCkM41rrvuYnxM6wMI5zOKoNU0wSTCY5o31KBY6r9LL92hs6sMkKhVLaEQbn6eyLDsdbTOLCdMTZjvezNxf+8fmrCGz9jIkkNFWSxKEw5MhLNX0cjpigxfGoJJorZWxEZY4WJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0Qhju4=</latexit>#
<latexit sha1_base64="5HjW2iGl4seQsOa9B3rFZedjpLo=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2L+3SzSbsboQS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBD8H4JvcfnlBpHst7M0nQj+hQ8pAzaqz02IuoGQVh5k771Zpbd2cgy8QrSA0KNPvVr94gZmmE0jBBte56bmL8jCrDmcBppZdqTCgb0yF2LZU0Qu1ns8RTcmKVAQljZZ80ZKb+3shopPUkCuxknlAvern4n9dNTXjlZ1wmqUHJ5h+FqSAmJvn5ZMAVMiMmllCmuM1K2IgqyowtqWJL8BZPXibts7p3UffuzmuN66KOMhzBMZyCB5fQgFtoQgsYSHiGV3hztPPivDsf89GSU+wcwh84nz+RyZDa</latexit>

0
<latexit sha1_base64="71DMhHkJlS/olet9yA/9B1EuEMY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix60VsL9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxBDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPoPWM0w==</latexit>

I
<latexit sha1_base64="dDHmhDxI9jZj3R0SEpDljDCN5pU=">AAACEHicbVDLSsNAFL3xWeMr6tLNYBFdlUREXRbduKxgH9CEMplO2qGTBzMToYZ8ght/xY0LRdy6dOffOGkDauuBgcM599659/gJZ1LZ9pexsLi0vLJaWTPXNza3tq2d3ZaMU0Fok8Q8Fh0fS8pZRJuKKU47iaA49Dlt+6Orwm/fUSFZHN2qcUK9EA8iFjCClZZ61pHpBgKTzE2wUAxz5IZYDf0gw3n+I97nPatq1+wJ0DxxSlKFEo2e9en2Y5KGNFKEYym7jp0oLysGEk5z000lTTAZ4QHtahrhkEovmxyUo0Ot9FEQC/0ihSbq744Mh1KOQ19XFuvKWa8Q//O6qQouvIxFSapoRKYfBSlHKkZFOqjPBCWKjzXBRDC9KyJDrANSOkNTh+DMnjxPWic156zm3JxW65dlHBXYhwM4BgfOoQ7X0IAmEHiAJ3iBV+PReDbejPdp6YJR9uzBHxgf358enZw=</latexit>

@a

@z
<latexit sha1_base64="KTcTtUnmZcm/a2cj2dg6AHoG/wY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUP++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSvKh4VxWvflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPdoWMtw==</latexit>�<latexit sha1_base64="KTcTtUnmZcm/a2cj2dg6AHoG/wY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUP++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSvKh4VxWvflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPdoWMtw==</latexit>�

<latexit sha1_base64="P/RpPJJglcINGRWdhWm0xSduyG0="></latexit>h
@M�1

@✓1
F @M�1

@✓2
F @M�1

@✓̇1
F @M�1

@✓̇2
F
i
+M�1 @F

@z

<latexit sha1_base64="dDHmhDxI9jZj3R0SEpDljDCN5pU=">AAACEHicbVDLSsNAFL3xWeMr6tLNYBFdlUREXRbduKxgH9CEMplO2qGTBzMToYZ8ght/xY0LRdy6dOffOGkDauuBgcM599659/gJZ1LZ9pexsLi0vLJaWTPXNza3tq2d3ZaMU0Fok8Q8Fh0fS8pZRJuKKU47iaA49Dlt+6Orwm/fUSFZHN2qcUK9EA8iFjCClZZ61pHpBgKTzE2wUAxz5IZYDf0gw3n+I97nPatq1+wJ0DxxSlKFEo2e9en2Y5KGNFKEYym7jp0oLysGEk5z000lTTAZ4QHtahrhkEovmxyUo0Ot9FEQC/0ihSbq744Mh1KOQ19XFuvKWa8Q//O6qQouvIxFSapoRKYfBSlHKkZFOqjPBCWKjzXBRDC9KyJDrANSOkNTh+DMnjxPWic156zm3JxW65dlHBXYhwM4BgfOoQ7X0IAmEHiAJ3iBV+PReDbejPdp6YJR9uzBHxgf358enZw=</latexit>

@a

@z

<latexit sha1_base64="KJk6aJ9rfd/3nEin2NF3JYzxG1o=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlQQ7ZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fANBxZoI</latexit>

@f

@z
=

<latexit sha1_base64="U5cJPmbjd5TWvQMGhVMsQX9Me98="></latexit>

@a

@z
= �M�1

⇥
@M
@✓1

M�1F @M
@✓2

M�1F 0 0
⇤
+M�1 @F

@z

<latexit sha1_base64="sPt5zFMtFZrmK4yzsY2e6HpymSQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ae0oWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZqDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbud+94kqzaR4MNOE+jGOBAsZwcZKnUGTRZE/rNbcupsDrRKvIDUo0BpWvwYjSdKYCkM41rrvuYnxM6wMI5zOKoNU0wSTCY5o31KBY6r9LL92hs6sMkKhVLaEQbn6eyLDsdbTOLCdMTZjvezNxf+8fmrCGz9jIkkNFWSxKEw5MhLNX0cjpigxfGoJJorZWxEZY4WJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0Qhju4=</latexit>#
<latexit sha1_base64="71DMhHkJlS/olet9yA/9B1EuEMY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix60VsL9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxBDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPoPWM0w==</latexit>

I
<latexit sha1_base64="SYIXPJmFfhu4vD8FJ6Tb82h/axQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7AekoWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MOVMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WmCG0TyaXqhVhTzgRtG2Y47aWK4iTktBuOb2d+94kqzaR4MJOUBgmOBYsYwcZKnX6TxbE/qNbcujsHWiVeQWpQoDWofvWHkmQJFYZwrLXvuakJcqwMI5xOK/1M0xSTMY6pb6nACdVBPr92is6sMkSRVLaEQXP190SOE60nSWg7E2xGetmbif95fmaimyBnIs0MFWSxKMo4MhLNXkdDpigxfGIJJorZWxEZYYWJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0EZjuw=</latexit>"

<latexit sha1_base64="U5cJPmbjd5TWvQMGhVMsQX9Me98="></latexit>

@a

@z
= �M�1

⇥
@M
@✓1

M�1F @M
@✓2

M�1F 0 0
⇤
+M�1 @F

@z

<latexit sha1_base64="5HjW2iGl4seQsOa9B3rFZedjpLo=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2L+3SzSbsboQS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBD8H4JvcfnlBpHst7M0nQj+hQ8pAzaqz02IuoGQVh5k771Zpbd2cgy8QrSA0KNPvVr94gZmmE0jBBte56bmL8jCrDmcBppZdqTCgb0yF2LZU0Qu1ns8RTcmKVAQljZZ80ZKb+3shopPUkCuxknlAvern4n9dNTXjlZ1wmqUHJ5h+FqSAmJvn5ZMAVMiMmllCmuM1K2IgqyowtqWJL8BZPXibts7p3UffuzmuN66KOMhzBMZyCB5fQgFtoQgsYSHiGV3hztPPivDsf89GSU+wcwh84nz+RyZDa</latexit>

0



Example: Double Pendulum Free Body Diagrams

<latexit sha1_base64="CXyspah+qlUUfPhmhiNSUkgAc9A=">AAACDHicbVDLSsNAFJ34rPVVdelmsAh1UxIRdSMU3bisYB/QhDKZTNuhM5mQuZGWkA9w46+4caGIWz/AnX/jtM1CWw8MHM499869x48E12Db39bS8srq2npho7i5tb2zW9rbb2qVxJQ1qBIqbvtEM8FD1gAOgrWjmBHpC9byhzeTeuuBxZqr8B7GEfMk6Ye8xykBI3VLZVcnErvARpBWesoM1SdZd4SvsFGDQEE6yozLrtpT4EXi5KSMctS7pS83UDSRLAQqiNYdx47AS0kMnAqWFd1Es4jQIemzjqEhkUx76fSYDB8bJcBmFfNCwFP1d0dKpNZj6RunJDDQ87WJ+F+tk0Dv0kt5GCXAQjr7qJcIDApPksEBjxkFMTaE0JibXTEdkJhQMPkVTQjO/MmLpHladc6rzt1ZuXadx1FAh+gIVZCDLlAN3aI6aiCKHtEzekVv1pP1Yr1bHzPrkpX3HKA/sD5/AEsPmyQ=</latexit>X
(forces)x = mẍ

<latexit sha1_base64="mjn7nTRDDhm42JZLxZ9V48LiSNk=">AAACDHicbVDLSsNAFJ3UV62vqks3g0Wom5KIqBuh6MZlBfuAJpTJZNIOnUxC5kYMIR/gxl9x40IRt36AO//GaZuFth4YOJx77p17jxsJrsA0v43S0vLK6lp5vbKxubW9U93d66gwiSlr01CEcc8ligkuWRs4CNaLYkYCV7CuO76e1Lv3LFY8lHeQRswJyFByn1MCWhpUa7ZKAmwDe4Cs7od6qDrOBym+xFr1vBCyNNcus2FOgReJVZAaKtAaVL9sL6RJwCRQQZTqW2YETkZi4FSwvGInikWEjsmQ9TWVJGDKyabH5PhIKx7Wq+gnAU/V3x0ZCZRKA1c7AwIjNV+biP/V+gn4F07GZZQAk3T2kZ8IDCGeJIM9HjMKItWE0JjrXTEdkZhQ0PlVdAjW/MmLpHPSsM4a1u1prXlVxFFGB+gQ1ZGFzlET3aAWaiOKHtEzekVvxpPxYrwbHzNrySh69tEfGJ8/TiWbJg==</latexit>X
(forces)y = mÿ

<latexit sha1_base64="zrA/+AvbFpMRjyQFA4ThWGGqOIs=">AAACEHicbVDLSgNBEJz1GeMr6tHLYBC9GHYXUS9CUBCPEcwDkrDMzk6SITM7y0yvEJZ8ghd/xYsHRbx69ObfOHkcNLGgoajqprsrTAQ34LrfzsLi0vLKam4tv76xubVd2NmtGZVqyqpUCaUbITFM8JhVgYNgjUQzIkPB6mH/euTXH5g2XMX3MEhYW5JuzDucErBSUDi6CXzcosrgFvQYkMA/kYHfxZdYjowoUpANhoEfFIpuyR0DzxNvSopoikpQ+GpFiqaSxUAFMabpuQm0M6KBU8GG+VZqWEJon3RZ09KYSGba2fihIT60SoQ7StuKAY/V3xMZkcYMZGg7JYGemfVG4n9eM4XORTvjcZICi+lkUScVGBQepYMjrhkFMbCEUM3trZj2iCYUbIZ5G4I3+/I8qfkl76zk3Z0Wy1fTOHJoHx2gY+Shc1RGt6iCqoiiR/SMXtGb8+S8OO/Ox6R1wZnO7KE/cD5/ALmtmyg=</latexit>

F2 cos ✓2 �m2g = m2ÿ2
<latexit sha1_base64="Haqd5X7tbdGa7OCN1du1HT6Ubuc=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ3lpki6kYoCuKygn1AW0omk7ahSWZI7ohl6Ae48VfcuFDErR/gzr8x085CWw8ETs45l+QePxLcgOt+OwuLS8srq7m1/PrG5tZ2YWe3bsJYU1ajoQh10yeGCa5YDTgI1ow0I9IXrOEPr1K/cc+04aG6g1HEOpL0Fe9xSsBK3ULx+Lpbxm3DFW7DgAGxtwssUy0IQkgext2yTbkldwI8T7yMFFGGarfw1Q5CGkumgApiTMtzI+gkRAOngo3z7diwiNAh6bOWpYpIZjrJZJkxPrRKgHuhtkcBnqi/JxIijRlJ3yYlgYGZ9VLxP68VQ++8k3AVxcAUnT7UiwWGEKfN4IBrRkGMLCFUc/tXTAdEEwq2v7wtwZtdeZ7UyyXvtOTdnhQrl1kdObSPDtAR8tAZqqAbVEU1RNEjekav6M15cl6cd+djGl1wspk99AfO5w/Zo5mf</latexit>

�F2 sin ✓2 = m2ẍ2

<latexit sha1_base64="BsmJER8hK0woJRQKOscjhe8JS9U=">AAACIHicbVDLSgMxFM34rPU16tJNsAiCWGaKWDdCUSguK9gHtGXIZNI2NJMZkjtiGfopbvwVNy4U0Z1+jeljYVsPBE7OOZfkHj8WXIPjfFtLyyura+uZjezm1vbOrr23X9NRoiir0khEquETzQSXrAocBGvEipHQF6zu929Gfv2BKc0jeQ+DmLVD0pW8wykBI3l28azsubilucQt6DEg5naKy15hRivgKxyOckEQQfo49FzPzjl5Zwy8SNwpyaEpKp791QoimoRMAhVE66brxNBOiQJOBRtmW4lmMaF90mVNQyUJmW6n4wWH+NgoAe5EyhwJeKz+nUhJqPUg9E0yJNDT895I/M9rJtC5bKdcxgkwSScPdRKBIcKjtnDAFaMgBoYQqrj5K6Y9oggF02nWlODOr7xIaoW8e5F3785zpetpHRl0iI7QCXJREZXQLaqgKqLoCb2gN/RuPVuv1of1OYkuWdOZAzQD6+cXKvagjg==</latexit>

�F1 sin ✓1 + F2 sin ✓2 = m1ẍ1

<latexit sha1_base64="IU3rOlXg+DPTbGWdLmcolf/mCRg=">AAACH3icbVDNSgMxGMzWv1r/qh69BIvgxbJbpHoRikLxWMHaQluWbDZtQ7ObJflWWJa+iRdfxYsHRcRb38a03YNtHQhMZuYj+caLBNdg2xMrt7a+sbmV3y7s7O7tHxQPj560jBVlTSqFVG2PaCZ4yJrAQbB2pBgJPMFa3uhu6reemdJcho+QRKwXkEHI+5wSMJJbrNZdB3ep1LgLQwbE3C5w3a0saBV8g4NpzvclpMnYddxiyS7bM+BV4mSkhDI03OJP15c0DlgIVBCtO44dQS8lCjgVbFzoxppFhI7IgHUMDUnAdC+d7TfGZ0bxcV8qc0LAM/XvREoCrZPAM8mAwFAve1PxP68TQ/+6l/IwioGFdP5QPxYYJJ6WhX2uGAWRGEKo4uavmA6JIhRMpQVTgrO88ip5qpSdatl5uCzVbrM68ugEnaJz5KArVEP3qIGaiKIX9IY+0Kf1ar1bX9b3PJqzspljtABr8gur2aBQ</latexit>

F1 cos ✓1 � F2 cos ✓2 = m1ÿ1

<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3
<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1
<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2

<latexit sha1_base64="Xh4Xc41jus8oyAFvcAsLe257fk4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDv1W09MG67kgx0nLIjJQPKIU2Kd1Byga4T9XrniV/0Z0DLBOalAjnqv/NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ+jEKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gkgsBL768TJpnVXxRxffnldpNHkcRjuAYTgHDJdTgDurQAAqP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwDbNo4B</latexit>

g = 10

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="l5q9WZht3sUz+jWYFI33L+hwNxs=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD7Jf65crXtWbA68SPycVyNHol796g5imkilLBTGm63uJDTKiLaeCTUu91LCE0DEZsq6jikhmgmx+6hSfOWWAo1i7UhbP1d8TGZHGTGToOiWxI7PszcT/vG5qo+sg4ypJLVN0sShKBbYxnv2NB1wzasXEEUI1d7diOiKaUOvSKbkQ/OWXV0mrVvUvq/79RaV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwD+W42c</latexit>m2

<latexit sha1_base64="XJnqmgh0ZkRIDqhReO6BqJpaHgI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRQSG6QbdU9iv+DGSZBDkpQ45at/TV6SmWJSgtE9SYduCnNhxTbTkTOCl2MoMpZUPax7ajkiZowvHs2gk5dUqPxEq7kpbM1N8TY5oYM0oi15lQOzCL3lT8z2tnNr4Ox1ymmUXJ5oviTBCryPR10uMamRUjRyjT3N1K2IBqyqwLqOhCCBZfXiaN80pwWQnuL8rVmzyOAhzDCZxBAFdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDNxSO5Q==</latexit>

`1

<latexit sha1_base64="84YYcP6z7eX/ASnqT1z/sHNFRsU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2k3btZhN2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6qEQ/Vq/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfu2UnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2OhlwhcyIiSWUKW5vJWxEFWXGBlSyIXjLL6+SVq3qXVa9+4tK/SaPowgncArn4MEV1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+ADiYjuY=</latexit>

`2
<latexit sha1_base64="jPKnWjh79y6GY27yQg2IGxpzCig=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGm/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjCQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QPQ44/T</latexit>

✓2

<latexit sha1_base64="HyLAePdg1n0g4TanfCNBWWXds+s=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrOt3yxWv6s3gLhM/JxXIUe+Wvzq9hGcxKuKSGdP2vZSCMdMkuMRJqZMZTBkfsj62LVUsRhOMZ/dO3BOr9Nwo0bYUuTP198SYxcaM4tB2xowGZtGbiv957Yyiq2AsVJoRKj5fFGXSpcSdPu/2hEZOcmQJ41rYW10+YJpxshGVbAj+4svLpHlW9S+q/t15pXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP89fj9I=</latexit>

✓1
<latexit sha1_base64="Xh4Xc41jus8oyAFvcAsLe257fk4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDv1W09MG67kgx0nLIjJQPKIU2Kd1Byga4T9XrniV/0Z0DLBOalAjnqv/NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ+jEKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gkgsBL768TJpnVXxRxffnldpNHkcRjuAYTgHDJdTgDurQAAqP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwDbNo4B</latexit>

g = 10

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="XJnqmgh0ZkRIDqhReO6BqJpaHgI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRQSG6QbdU9iv+DGSZBDkpQ45at/TV6SmWJSgtE9SYduCnNhxTbTkTOCl2MoMpZUPax7ajkiZowvHs2gk5dUqPxEq7kpbM1N8TY5oYM0oi15lQOzCL3lT8z2tnNr4Ox1ymmUXJ5oviTBCryPR10uMamRUjRyjT3N1K2IBqyqwLqOhCCBZfXiaN80pwWQnuL8rVmzyOAhzDCZxBAFdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDNxSO5Q==</latexit>

`1
<latexit sha1_base64="HyLAePdg1n0g4TanfCNBWWXds+s=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrOt3yxWv6s3gLhM/JxXIUe+Wvzq9hGcxKuKSGdP2vZSCMdMkuMRJqZMZTBkfsj62LVUsRhOMZ/dO3BOr9Nwo0bYUuTP198SYxcaM4tB2xowGZtGbiv957Yyiq2AsVJoRKj5fFGXSpcSdPu/2hEZOcmQJ41rYW10+YJpxshGVbAj+4svLpHlW9S+q/t15pXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP89fj9I=</latexit>

✓1
<latexit sha1_base64="l5q9WZht3sUz+jWYFI33L+hwNxs=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD7Jf65crXtWbA68SPycVyNHol796g5imkilLBTGm63uJDTKiLaeCTUu91LCE0DEZsq6jikhmgmx+6hSfOWWAo1i7UhbP1d8TGZHGTGToOiWxI7PszcT/vG5qo+sg4ypJLVN0sShKBbYxnv2NB1wzasXEEUI1d7diOiKaUOvSKbkQ/OWXV0mrVvUvq/79RaV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwD+W42c</latexit>m2

<latexit sha1_base64="84YYcP6z7eX/ASnqT1z/sHNFRsU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2k3btZhN2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6qEQ/Vq/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfu2UnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2OhlwhcyIiSWUKW5vJWxEFWXGBlSyIXjLL6+SVq3qXVa9+4tK/SaPowgncArn4MEV1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+ADiYjuY=</latexit>

`2
<latexit sha1_base64="jPKnWjh79y6GY27yQg2IGxpzCig=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGm/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjCQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QPQ44/T</latexit>

✓2

<latexit sha1_base64="jPKnWjh79y6GY27yQg2IGxpzCig=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGm/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjCQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QPQ44/T</latexit>

✓2

<latexit sha1_base64="Pq8Y5lpI1WrAkKy2RY8QNCh0YLU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPBbY10</latexit>

F1

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="zCz39/UIPWSCc2GsZX4DvhemZTw=">AAAB7HicbVBNSwMxEJ34WetX1aOXYBE8ld0i6rHoxWMFty20S8mm2TY0yS5JVihLf4MXD4p49Qd589+YtnvQ1gcDj/dmmJkXpYIb63nfaG19Y3Nru7RT3t3bPzisHB23TJJpygKaiER3ImKY4IoFllvBOqlmREaCtaPx3cxvPzFteKIe7SRloSRDxWNOiXVSIPt1POxXql7NmwOvEr8gVSjQ7Fe+eoOEZpIpSwUxput7qQ1zoi2ngk3LvcywlNAxGbKuo4pIZsJ8fuwUnztlgONEu1IWz9XfEzmRxkxk5DolsSOz7M3E/7xuZuObMOcqzSxTdLEozgS2CZ59jgdcM2rFxBFCNXe3YjoimlDr8im7EPzll1dJq17zr2r+w2W1cVvEUYJTOIML8OEaGnAPTQiAAodneIU3pNALekcfi9Y1VMycwB+gzx8XA443</latexit>m2g<latexit sha1_base64="FtLDB/g5KAYxuXJvSv+yL1+Zzd0=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V3LbQLiWbZtvQJLskWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUMkmmKQtoIhLdiYhhgisWWG4F66SaERkJ1o7GdzO//cS04Yl6tJOUhZIMFY85JdZJgexjNOxXa37dnwOtElyQGhRo9qtfvUFCM8mUpYIY08V+asOcaMupYNNKLzMsJXRMhqzrqCKSmTCfHztFZ04ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fgmzLlKM8sUXSyKM4FsgmafowHXjFoxcYRQzd2tiI6IJtS6fCouBLz88ippXdTxVR0/XNYat0UcZTiBUzgHDNfQgHtoQgAUODzDK7x5ynvx3r2PRWvJK2aO4Q+8zx8VfY42</latexit>m1g

<latexit sha1_base64="I7WLphtYaFSfmfi8WpFuaYy9pfo=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4MaSEVE3QtGNywr2AW0Ik8mkHTqThJmJUEI2/oobF4q49TPc+TdO2iy09cDlHs65l5l7/IQzpR3n26osLa+srlXXaxubW9s79u5eR8WpJLRNYh7Lno8V5Syibc00p71EUix8Trv++Lbwu49UKhZHD3qSUFfgYcRCRrA2kmcfnAoPwSG8hkUfBEGss0nuIc+uOw1nCrhIUEnqoETLs78GQUxSQSNNOFaqj5xEuxmWmhFO89ogVTTBZIyHtG9ohAVVbjY9IIfHRglgGEtTkYZT9fdGhoVSE+GbSYH1SM17hfif1091eOVmLEpSTSMyeyhMOdQxLNKAAZOUaD4xBBPJzF8hGWGJiTaZ1UwIaP7kRdI5a6CLBro/rzdvyjiq4BAcgROAwCVogjvQAm1AQA6ewSt4s56sF+vd+piNVqxyZx/8gfX5AztXlOo=</latexit>�m1g = m1ÿ1

Pendulum 1

Kinematics

<latexit sha1_base64="b91MtPjv3k5SMwf3uxdltwMmwC0=">AAACA3icbZA9SwNBEIb3/IzxK2qnzWIQrMKdiNoIQRvLCOYDcuHY20ySJXt7x+6cGELAxr9iY6GIrX/Czn/jJrlCE19YeHhnhtl5w0QKg6777SwsLi2vrObW8usbm1vbhZ3dmolTzaHKYxnrRsgMSKGgigIlNBINLAol1MP+9bhevwdtRKzucJBAK2JdJTqCM7RWUNh/CDx6SX2Q0oJvhKI+9gBZ4AWFoltyJ6Lz4GVQJJkqQeHLb8c8jUAhl8yYpucm2BoyjYJLGOX91EDCeJ91oWlRsQhMazi5YUSPrNOmnVjbp5BO3N8TQxYZM4hC2xkx7JnZ2tj8r9ZMsXPRGgqVpAiKTxd1UkkxpuNAaFto4CgHFhjXwv6V8h7TjKONLW9D8GZPnofaSck7K3m3p8XyVRZHjhyQQ3JMPHJOyuSGVEiVcPJInskreXOenBfn3fmYti442cwe+SPn8wey3ZZL</latexit>

x1 = `1 sin ✓1
<latexit sha1_base64="33x7SWt1T0746KjqvMuDOO4nOu8=">AAACF3icbZDLSgMxFIYz9VbrbdSlm2ARXJUZEXUjFN24rGAv0BmGTHrahmYuJGfEMvQt3Pgqblwo4lZ3vo3pZaGtPwR+vnNOkvOHqRQaHefbKiwtr6yuFddLG5tb2zv27l5DJ5niUOeJTFQrZBqkiKGOAiW0UgUsCiU0w8H1uN68B6VFEt/hMAU/Yr1YdAVnaFBgV7xOgvnDKHDpJZ14D/uAzAAPpDTY44mmUxi4gV12Ks5EdNG4M1MmM9UC+8tcyrMIYuSSad12nRT9nCkUXMKo5GUaUsYHrAdtY2MWgfbzyV4jemRIh3YTZU6MdEJ/T+Qs0noYhaYzYtjX87Ux/K/WzrB74eciTjOEmE8f6maSYkLHIdGOUMBRDo1hXAnzV8r7TDGOJsqSCcGdX3nRNE4q7lnFvT0tV69mcRTJATkkx8Ql56RKbkiN1Aknj+SZvJI368l6sd6tj2lrwZrN7JM/sj5/ACQHn0Y=</latexit>

ẋ1 = ✓̇1`1 cos ✓1
<latexit sha1_base64="b5QqzMnHoZlItMhUDmrlZShv2V4="></latexit>

ẍ1 = ✓̈1`1 cos ✓1 � ✓̇21`1 sin ✓1

<latexit sha1_base64="QdJfu+QQmc/TByfZvRaz27bmZZI=">AAACBHicbZC7SgNBFIZnvcZ4i1qmGQyCjWFXRG2EoI1lBHOB7LLMTs4mQ2YvzJwVwpLCxlexsVDE1oew822cXApN/GHg4z/ncOb8QSqFRtv+tpaWV1bX1gsbxc2t7Z3d0t5+UyeZ4tDgiUxUO2AapIihgQIltFMFLAoktILBzbjeegClRRLf4zAFL2K9WISCMzSWXyoPfYde0RMXpDTk8kRTF/uAzHf8UsWu2hPRRXBmUCEz1f3Sl9tNeBZBjFwyrTuOnaKXM4WCSxgV3UxDyviA9aBjMGYRaC+fHDGiR8bp0jBR5sVIJ+7viZxFWg+jwHRGDPt6vjY2/6t1MgwvvVzEaYYQ8+miMJMUEzpOhHaFAo5yaIBxJcxfKe8zxTia3IomBGf+5EVonlad86pzd1apXc/iKJAyOSTHxCEXpEZuSZ00CCeP5Jm8kjfryXqx3q2PaeuSNZs5IH9kff4AGyGWfg==</latexit>

y1 = �`1 cos ✓1
<latexit sha1_base64="JgMlWX7JClb1aCavr+kLpNHPkUI=">AAACF3icbZDLSgMxFIYzXmu9VV26CRbBVZkRUTdC0Y3LCvYCnTJk0tM2NJMZkjNCGfoWbnwVNy4Ucas738Z02oW2/hD4+c45Sc4fJlIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e03TJxqDnUey1i3QmZACgV1FCihlWhgUSihGQ5vJvXmA2gjYnWPowQ6Eesr0ROcoUVBqeJ3Y8xG48CjVzT3Pg4AmQU+SGmxb4SiUxh4QansVtxcdNF4M1MmM9WC0pe9lKcRKOSSGdP23AQ7GdMouIRx0U8NJIwPWR/a1ioWgelk+V5jemxJl/ZibY9CmtPfExmLjBlFoe2MGA7MfG0C/6u1U+xddjKhkhRB8elDvVRSjOkkJNoVGjjKkTWMa2H/SvmAacbRRlm0IXjzKy+axmnFO694d2fl6vUsjgI5JEfkhHjkglTJLamROuHkkTyTV/LmPDkvzrvzMW1dcmYzB+SPnM8fLY6fTA==</latexit>

ẏ1 = ✓̇1`1 sin ✓1
<latexit sha1_base64="Yf7pQoQOjenUzZvouCg367tWgKU="></latexit>

ÿ1 = ✓̈1`1 sin ✓1 + ✓̇21`1 cos ✓1

Pendulum 2

<latexit sha1_base64="K9fvqbgybxdrllPV5ZrwetBejtQ="></latexit>

ẋ2 = ẋ1 + ✓̇2`2 cos ✓2 = ✓̇1`1 cos ✓1 + ✓̇2`2 cos ✓2
<latexit sha1_base64="H3YF/5a2a132c8cgK1UAoHTkvnQ="></latexit>

ẍ2 = ẍ1 + ✓̈2`2 cos ✓2 � ✓̇22`2 sin ✓2 = ✓̈1`1 cos ✓1 � ✓̇21`1 sin ✓1 + ✓̈2`2 cos ✓2 � ✓̇22`2 sin ✓2

<latexit sha1_base64="4nkBlwGS7tGivGNQDhdYS75n8wo=">AAACNXicdZDLSgMxFIYzXmu9jbp0EyyCIJQZEXUjFN24cFHBqtApQyY9tcFMZkjOSEvpS7nxPVzpwoUibn0F0+ksvB4I/Pn+c0jOH6VSGPS8J2dicmp6ZrY0V55fWFxadldWL0ySaQ4NnshEX0XMgBQKGihQwlWqgcWRhMvo5njkX96CNiJR59hPoRWzayU6gjO0KHRPe+EOPaS90KfbNAAp7TUwQgXYBWS5l1M/p7TA/zSHbsWrennR38IvRIUUVQ/dh6Cd8CwGhVwyY5q+l2JrwDQKLmFYDjIDKeM37BqaVioWg2kN8q2HdNOSNu0k2h6FNKdfJwYsNqYfR7YzZtg1P70R/MtrZtg5aA2ESjMExccPdTJJMaGjCGlbaOAo+1YwroX9K+VdphlHG3TZhuD/XPm3uNip+ntV/2y3Ujsq4iiRdbJBtohP9kmNnJA6aRBO7sgjeSGvzr3z7Lw57+PWCaeYWSPfyvn4BMMFqIE=</latexit>

x2 = x1 + `2 sin ✓2 = `1 sin ✓1 + `2 sin ✓2
<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="MI4iaa9t3elN9cdAdp9GIeCMAnU=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoxmUF+5B2KJk004YmM0NyRyxDv8KNC0Xc+jnu/BvTdhbaeiBwOOcecu8JEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FBFvoEDJ24nmVAWSt4LRzdRvPXJtRBzd4zjhvqKDSISCUbTSQ7cfY/Y06VV7pbJbcWcgy8TLSRly1HulL5tlqeIRMkmN6Xhugn5GNQom+aTYTQ1PKBvRAe9YGlHFjZ/NFp6QU6v0SRhr+yIkM/V3IqPKmLEK7KSiODSL3lT8z+ukGF75mYiSFHnE5h+FqSQYk+n1pC80ZyjHllCmhd2VsCHVlKHtqGhL8BZPXibNasW7qHh35+XadV5HAY7hBM7Ag0uowS3UoQEMFDzDK7w52nlx3p2P+eiKk2eO4A+czx/tupB+</latexit>

ẋ2
<latexit sha1_base64="3U6RacfBcHiqY8SKzRIiMyV21z0=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE8laSIeix68VjBfmBbymazaZdudsPuRCyh/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLEsENet63s7K6tr6xWdgqbu/s7u2XDg6bRqWasgZVQul2QAwTXLIGchSsnWhG4kCwVjC6mfqtR6YNV/IexwnrxWQgecQpQSs9dMNQYfY06Vf7pbJX8WZwl4mfkzLkqPdLX91Q0TRmEqkgxnR8L8FeRjRyKtik2E0NSwgdkQHrWCpJzEwvm108cU+tErqR0rYkujP190RGYmPGcWA7Y4JDs+hNxf+8TorRVS/jMkmRSTpfFKXCReVO33dDrhlFMbaEUM3trS4dEk0o2pCKNgR/8eVl0qxW/IuKf3derl3ncRTgGE7gDHy4hBrcQh0aQEHCM7zCm2OcF+fd+Zi3rjj5zBH8gfP5A63JkOw=</latexit>

ẍ2

<latexit sha1_base64="rD/K3R7nRe/VP/0rUdW1BEbPSTk=">AAACOnicdVDLSgMxFM34dnxVXboJFsGNZVJE3RRENy4tWC10ypBJb9vQzIPkjjAUv8uNX+HOhRsXirj1A0zbWajVA4GTc84luSdMlTToeU/OzOzc/MLi0rK7srq2vlHa3Lo2SaYFNESiEt0MuQElY2igRAXNVAOPQgU34eB85N/cgjYyia8wT6Ed8V4su1JwtFJQqudBldZoHjB6QH1Qyl59kRjqYx+QB1W35hYG+2Ew9598UCp7FW8MOk1YQcqkwGVQevQ7icgiiFEobkyLeSm2h1yjFAruXD8zkHIx4D1oWRrzCEx7OF79ju5ZpUO7ibYnRjpWv08MeWRMHoU2GXHsm9/eSPzLa2XYPWkPZZxmCLGYPNTNFMWEjnqkHalBoMot4UJL+1cq+lxzgbbtUQns98rT5LpaYUcVVj8sn54VdSyRHbJL9gkjx+SUXJBL0iCC3JNn8krenAfnxXl3PibRGaeY2SY/4Hx+AUdyqP8=</latexit>

y2 = y1 � `2 cos ✓2 = �`1 cos ✓1 � `2 cos ✓2
<latexit sha1_base64="knRqiNCn2fbum80My9XMGaByInI="></latexit>

ẏ2 = ẏ1 + ✓̇2`2 sin ✓2 = ✓̇1`1 sin ✓1 + ✓̇2`2 sin ✓2
<latexit sha1_base64="g8tzsyrqe4wHK+3OhSehoY3nqlE="></latexit>

ÿ2 = ÿ1 + ✓̈2`2 sin ✓2 + ✓̇22`2 cos ✓2 = ✓̈1`1 sin ✓1 + ✓̇21`1 cos ✓1 + ✓̈2`2 sin ✓2 + ✓̇22`2 cos ✓2

<latexit sha1_base64="eYAgKqSiYd8jVtwyJdBmRglvFEY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2m3bpZhN2J0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xCzhfkSHSoSCUbTSQ9av9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/QnVKJjk01IvNTyhbEyHvGupohE3/mR+6pScWWVAwljbUkjm6u+JCY2MyaLAdkYUR2bZm4n/ed0Uw2t/IlSSIldssShMJcGYzP4mA6E5Q5lZQpkW9lbCRlRThjadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEQso2o</latexit>y2
<latexit sha1_base64="gGiPFGcKp6/1/QH9DHgsTY188rE=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ie0Q8mkmTY0mRmSO0IZ+hVuXCji1s9x59+YtrPQ1gOBwzn3kHtPkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUkS8iQIl7ySaUxVI3g7GtzO//cS1EXH0gJOE+4oOIxEKRtFKj71BjNlk2q/1yxW36s5BVomXkwrkaPTLXzbLUsUjZJIa0/XcBP2MahRM8mmplxqeUDamQ961NKKKGz+bLzwlZ1YZkDDW9kVI5urvREaVMRMV2ElFcWSWvZn4n9dNMbz2MxElKfKILT4KU0kwJrPryUBozlBOLKFMC7srYSOqKUPbUcmW4C2fvEpatap3WfXuLyr1m7yOIpzAKZyDB1dQhztoQBMYKHiGV3hztPPivDsfi9GCk2eO4Q+czx/vQZB/</latexit>

ẏ2
<latexit sha1_base64="iBRSr7ZMpp7ofNgrR23/ViT4uIA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae2oWw2m3bpZjfsboQQ+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbmd+94kqzaR4MFlC/RiPBIsYwcZKj4MwlCbPpsPGsFpz6+4caJV4BalBgdaw+jUIJUljKgzhWOu+5ybGz7EyjHA6rQxSTRNMJnhE+5YKHFPt5/OLp+jMKiGKpLIlDJqrvydyHGudxYHtjLEZ62VvJv7n9VMTXfs5E0lqqCCLRVHKkZFo9j4KmaLE8MwSTBSztyIyxgoTY0Oq2BC85ZdXSadR9y7r3v1FrXlTxFGGEziFc/DgCppwBy1oAwEBz/AKb452Xpx352PRWnKKmWP4A+fzB69QkO0=</latexit>

ÿ2

Dynamics:

Pendulum 1:

Pendulum 2:

<latexit sha1_base64="yEkC3nyhk0+WR/Wc5H6P6wWQ4gE="></latexit>

@M

@✓1
=


0 m2`2`1 sin(✓2 � ✓1)

m2`2`1 sin(✓2 � ✓1) 0

�

<latexit sha1_base64="iqNAS1RefEFOAsavs1huACxr8BA="></latexit>

@M

@✓2
=


0 �m2`2`1 sin(✓2 � ✓1)

�m2`2`1 sin(✓2 � ✓1) 0

�

<latexit sha1_base64="TfobIaLfR4KjSHDjOE14l1DPNHw="></latexit>
0 m22✓̇2`2`1 sin(✓2 � ✓1)

�m22✓̇1`1`2 sin(✓2 � ✓1) 0

�<latexit sha1_base64="I7+2BJAemJOoOmSKLxdhvBbE7aI="></latexit>

@F

@z
=


�m2✓̇22`2`1 cos(✓2 � ✓1)� (m1 +m2)`1 cos ✓1g m2✓̇22`2`1 cos(✓2 � ✓1)

m2✓̇21`1`2 cos(✓2 � ✓1) �m2✓̇21`1`2 cos(✓2 � ✓1)

�

<latexit sha1_base64="oYpzKOEU7uBM8E6EQg7MRDVsb8M="></latexit>

z =

2

664

✓1
✓2
✓̇1
✓̇2

3

775

<latexit sha1_base64="dDOEXUzGuYD/5/QqgHUtANWYeL8="></latexit>

det(M) = m2`
2
1`

2
2

�
m1 �m2 sin

2(✓2 � ✓1)
�

<latexit sha1_base64="0fBb0J7JRJX7USzc56ObzJzPuNM="></latexit>
m2`22 �m2`2`1 cos(✓2 � ✓1)

�m2`2`1 cos(✓2 � ✓1) (m1 +m2)`21

�<latexit sha1_base64="2EpLJARI9h79Wr4T8vDi7sn+srY=">AAACG3icbVDLSgMxFM34tr6qLt0Ei1AXlhkRdSOIbtwIFawKnVoy6Z02mHmQ3BFLmP9w46+4caGIK8GFf2P6AB/1QOBwzrnk3hOkUmh03U9nbHxicmp6ZrYwN7+wuFRcXrnQSaY41HgiE3UVMA1SxFBDgRKuUgUsCiRcBjfHPf/yFpQWSXyO3RQaEWvHIhScoZWaxW0/YtgJQnOaX5stL6cH1A8V48bLjY9wh6YFmJe/U5t5s1hyK24fdJR4Q1IiQ1SbxXe/lfAsghi5ZFrXPTfFhmEKBZeQF/xMQ8r4DWtD3dKYRaAbpn9bTjes0qJhouyLkfbVnxOGRVp3o8Amezvqv15P/M+rZxjuN4yI0wwh5oOPwkxSTGivKNoSCjjKriWMK2F3pbzDbDVo6yzYEry/J4+Si+2Kt1vxznZKh0fDOmbIGlknZeKRPXJITkiV1Agn9+SRPJMX58F5cl6dt0F0zBnOrJJfcD6+AIUTobw=</latexit>

M�1 =
1

det(M)

Dynamics…
<latexit sha1_base64="l2Ugl02wXDnbzBSKXsioGAyh6Dw=">AAACD3icbVDLSgMxFL1TX7W+Rl26CRbFjWVGRN0IRUHcCBXsA9qxZNJMG5p5kGSEMswfuPFX3LhQxK1bd/6NmT5AWw8Ezj3nXnLvcSPOpLKsbyM3N7+wuJRfLqysrq1vmJtbNRnGgtAqCXkoGi6WlLOAVhVTnDYiQbHvclp3+5eZX3+gQrIwuFODiDo+7gbMYwQrLbXN/ZaPVc/1EpyiczQpbtL75NBOJ+VV2jaLVskaAs0Se0yKMEalbX61OiGJfRoowrGUTduKlJNgoRjhNC20YkkjTPq4S5uaBtin0kmG96RoTysd5IVCv0Chofp7IsG+lAPf1Z3ZhnLay8T/vGasvDMnYUEUKxqQ0UdezJEKURYO6jBBieIDTTARTO+KSA8LTJSOsKBDsKdPniW1o5J9UrJvj4vli3EcediBXTgAG06hDNdQgSoQeIRneIU348l4Md6Nj1FrzhjPbMMfGJ8//aucpA==</latexit>

a = M�1F
<latexit sha1_base64="vg8z73vZLD9idFyYoZ2KNthBrA4="></latexit>

(m1 +m2)`21 m2`2`1 cos(✓2 � ✓1)
m2`2`1 cos(✓2 � ✓1) m2`22

� <latexit sha1_base64="+KhRvj6q0fr2GXwQhG40spE5OW4=">AAACKXicbVDLSgMxFM34rPVVdekmWARXZaaIuiy6cVnBPqBTSiZz24ZmMkNyRyxDf8eNv+JGQVG3/ojpA9HWA4HDOfeQe0+QSGHQdT+cpeWV1bX13EZ+c2t7Z7ewt183cao51HgsY90MmAEpFNRQoIRmooFFgYRGMLga+4070EbE6haHCbQj1lOiKzhDK3UKFT+AnlBZEDHU4n5E/TCMMfOxD8hGHY/6/pxUpj6o8CfQKRTdkjsBXSTejBTJDNVO4cUPY55GoJBLZkzLcxNsZ0yj4BJGeT81kDA+YD1oWapYBKadTS4d0WOrhLQba/sU0on6O5GxyJhhFNhJu1/fzHtj8T+vlWL3op0JlaQIik8/6qaSYkzHtdFQaOAoh5YwroXdlfI+04yjLTdvS/DmT14k9XLJOyt5N6fFyuWsjhw5JEfkhHjknFTINamSGuHkgTyRV/LmPDrPzrvzOR1dcmaZA/IHztc343SoPg==</latexit>
✓̈1
✓̈2

� <latexit sha1_base64="ccMf1NPkQJVlXbCitVl9jvwZqG8="></latexit>
m2✓̇22`2`1 sin(✓2 � ✓1)� (m1 +m2)`1 sin ✓1g

�m2✓̇21`1`2 sin(✓2 � ✓1)

�
<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> ( <latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="cD4k4KNzpmj/EC8Ge0xqniELPZI=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiGzdCBfvAtpRMeqcNzWSGJCOUoX/hxoUibv0bd/6NmXYW2nogcDjnXnLu8WPBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpKFMMGi0Sk2j7VKLjEhuFGYDtWSENfYMsf32R+6wmV5pF8MJMYeyEdSh5wRo2VHrshNSM/SO+m/XLFrbozkGXi5aQCOer98ld3ELEkRGmYoFp3PDc2vZQqw5nAaambaIwpG9MhdiyVNETdS2eJp+TEKgMSRMo+achM/b2R0lDrSejbySyhXvQy8T+vk5jgqpdyGScGJZt/FCSCmIhk55MBV8iMmFhCmeI2K2EjqigztqSSLcFbPHmZNM+q3kXVuz+v1K7zOopwBMdwCh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxHC06+cwh/4Hz+AL3akPc=</latexit>

M
<latexit sha1_base64="Uj6nJ3AsEVHd4YV8iSLkuEEseJM=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EcRSEGZ32qzW37s5AlolXkBoUaParX71BzNKIK2SSGtP13AT9jGoUTPJppZcanlA2pkPetVTRiBs/myWekhOrDEgYa/sUkpn6eyOjkTGTKLCTeUKz6OXif143xfDKz4RKUuSKzT8KU0kwJvn5ZCA0ZygnllCmhc1K2IhqytCWVLEleIsnL5P2Wd27qHt357XGdVFHGY7gGE7Bg0towC00oQUMFDzDK7w5xnlx3p2P+WjJKXYO4Q+czx/cPpEL</latexit>a

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="sZ49ajG7bco8ZWSalhiKsP33yl4=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiIC4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4WV1bX1jeJmaWt7Z3evvH/Q1FGiGDZYJCLV9qlGwSU2DDcC27FCGvoCW/74JvNbT6g0j+SDmcTYC+lQ8oAzaqz02A2pGflBejvtlytu1Z2BLBMvJxXIUe+Xv7qDiCUhSsME1brjubHppVQZzgROS91EY0zZmA6xY6mkIepeOks8JSdWGZAgUvZJQ2bq742UhlpPQt9OZgn1opeJ/3mdxARXvZTLODEo2fyjIBHERCQ7nwy4QmbExBLKFLdZCRtRRZmxJZVsCd7iycukeVb1Lqre/Xmldp3XUYQjOIZT8OASanAHdWgAAwnP8ApvjnZenHfnYz5acPKdQ/gD5/MHszeQ8A==</latexit>

F

Linearization…

Linearization
<latexit sha1_base64="sSe0ShM6AhWwXoGkEu8N+HKyRhI=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBDiJeyKqBch6MVjBPOAZA2zk9lkyOyDmV4lWfIfXjwo4tV/8ebfOEn2oIkFDUVV90x3ebEUGm3721paXlldW89t5De3tnd2C3v7dR0livEai2Skmh7VXIqQ11Cg5M1YcRp4kje8wc3EbzxypUUU3uMw5m5Ae6HwBaNopId2N8J0NCZXxC+NTjqFol22pyCLxMlIETJUO4Uv8wBLAh4ik1TrlmPH6KZUoWCSj/PtRPOYsgHt8ZahIQ24dtPp1mNybJQu8SNlKkQyVX9PpDTQehh4pjOg2Nfz3kT8z2sl6F+6qQjjBHnIZh/5iSQYkUkEpCsUZyiHhlCmhNmVsD5VlKEJKm9CcOZPXiT107JzXnbuzoqV6yyOHBzCEZTAgQuowC1UoQYMFDzDK7xZT9aL9W59zFqXrGzmAP7A+vwBbTiRzw==</latexit>

ż = f(z)

<latexit sha1_base64="KJk6aJ9rfd/3nEin2NF3JYzxG1o=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlQQ7ZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fANBxZoI</latexit>

@f

@z
=

<latexit sha1_base64="KJk6aJ9rfd/3nEin2NF3JYzxG1o=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlQQ7ZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fANBxZoI</latexit>

@f

@z
=

<latexit sha1_base64="oYpzKOEU7uBM8E6EQg7MRDVsb8M="></latexit>

z =

2

664

✓1
✓2
✓̇1
✓̇2

3

775
<latexit sha1_base64="SYIXPJmFfhu4vD8FJ6Tb82h/axQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7AekoWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MOVMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WmCG0TyaXqhVhTzgRtG2Y47aWK4iTktBuOb2d+94kqzaR4MJOUBgmOBYsYwcZKnX6TxbE/qNbcujsHWiVeQWpQoDWofvWHkmQJFYZwrLXvuakJcqwMI5xOK/1M0xSTMY6pb6nACdVBPr92is6sMkSRVLaEQXP190SOE60nSWg7E2xGetmbif95fmaimyBnIs0MFWSxKMo4MhLNXkdDpigxfGIJJorZWxEZYYWJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0EZjuw=</latexit>"

<latexit sha1_base64="sPt5zFMtFZrmK4yzsY2e6HpymSQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ae0oWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZqDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbud+94kqzaR4MNOE+jGOBAsZwcZKnUGTRZE/rNbcupsDrRKvIDUo0BpWvwYjSdKYCkM41rrvuYnxM6wMI5zOKoNU0wSTCY5o31KBY6r9LL92hs6sMkKhVLaEQbn6eyLDsdbTOLCdMTZjvezNxf+8fmrCGz9jIkkNFWSxKEw5MhLNX0cjpigxfGoJJorZWxEZY4WJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0Qhju4=</latexit>#
<latexit sha1_base64="5HjW2iGl4seQsOa9B3rFZedjpLo=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2L+3SzSbsboQS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBD8H4JvcfnlBpHst7M0nQj+hQ8pAzaqz02IuoGQVh5k771Zpbd2cgy8QrSA0KNPvVr94gZmmE0jBBte56bmL8jCrDmcBppZdqTCgb0yF2LZU0Qu1ns8RTcmKVAQljZZ80ZKb+3shopPUkCuxknlAvern4n9dNTXjlZ1wmqUHJ5h+FqSAmJvn5ZMAVMiMmllCmuM1K2IgqyowtqWJL8BZPXibts7p3UffuzmuN66KOMhzBMZyCB5fQgFtoQgsYSHiGV3hztPPivDsf89GSU+wcwh84nz+RyZDa</latexit>

0
<latexit sha1_base64="71DMhHkJlS/olet9yA/9B1EuEMY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix60VsL9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxBDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPoPWM0w==</latexit>

I
<latexit sha1_base64="dDHmhDxI9jZj3R0SEpDljDCN5pU=">AAACEHicbVDLSsNAFL3xWeMr6tLNYBFdlUREXRbduKxgH9CEMplO2qGTBzMToYZ8ght/xY0LRdy6dOffOGkDauuBgcM599659/gJZ1LZ9pexsLi0vLJaWTPXNza3tq2d3ZaMU0Fok8Q8Fh0fS8pZRJuKKU47iaA49Dlt+6Orwm/fUSFZHN2qcUK9EA8iFjCClZZ61pHpBgKTzE2wUAxz5IZYDf0gw3n+I97nPatq1+wJ0DxxSlKFEo2e9en2Y5KGNFKEYym7jp0oLysGEk5z000lTTAZ4QHtahrhkEovmxyUo0Ot9FEQC/0ihSbq744Mh1KOQ19XFuvKWa8Q//O6qQouvIxFSapoRKYfBSlHKkZFOqjPBCWKjzXBRDC9KyJDrANSOkNTh+DMnjxPWic156zm3JxW65dlHBXYhwM4BgfOoQ7X0IAmEHiAJ3iBV+PReDbejPdp6YJR9uzBHxgf358enZw=</latexit>

@a

@z
<latexit sha1_base64="KTcTtUnmZcm/a2cj2dg6AHoG/wY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUP++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSvKh4VxWvflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPdoWMtw==</latexit>�<latexit sha1_base64="KTcTtUnmZcm/a2cj2dg6AHoG/wY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUP++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSvKh4VxWvflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPdoWMtw==</latexit>�

<latexit sha1_base64="P/RpPJJglcINGRWdhWm0xSduyG0="></latexit>h
@M�1

@✓1
F @M�1

@✓2
F @M�1

@✓̇1
F @M�1

@✓̇2
F
i
+M�1 @F

@z

<latexit sha1_base64="dDHmhDxI9jZj3R0SEpDljDCN5pU=">AAACEHicbVDLSsNAFL3xWeMr6tLNYBFdlUREXRbduKxgH9CEMplO2qGTBzMToYZ8ght/xY0LRdy6dOffOGkDauuBgcM599659/gJZ1LZ9pexsLi0vLJaWTPXNza3tq2d3ZaMU0Fok8Q8Fh0fS8pZRJuKKU47iaA49Dlt+6Orwm/fUSFZHN2qcUK9EA8iFjCClZZ61pHpBgKTzE2wUAxz5IZYDf0gw3n+I97nPatq1+wJ0DxxSlKFEo2e9en2Y5KGNFKEYym7jp0oLysGEk5z000lTTAZ4QHtahrhkEovmxyUo0Ot9FEQC/0ihSbq744Mh1KOQ19XFuvKWa8Q//O6qQouvIxFSapoRKYfBSlHKkZFOqjPBCWKjzXBRDC9KyJDrANSOkNTh+DMnjxPWic156zm3JxW65dlHBXYhwM4BgfOoQ7X0IAmEHiAJ3iBV+PReDbejPdp6YJR9uzBHxgf358enZw=</latexit>

@a

@z

<latexit sha1_base64="KJk6aJ9rfd/3nEin2NF3JYzxG1o=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlQQ7ZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fANBxZoI</latexit>

@f

@z
=

<latexit sha1_base64="U5cJPmbjd5TWvQMGhVMsQX9Me98="></latexit>

@a

@z
= �M�1

⇥
@M
@✓1

M�1F @M
@✓2

M�1F 0 0
⇤
+M�1 @F

@z

<latexit sha1_base64="sPt5zFMtFZrmK4yzsY2e6HpymSQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ae0oWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZqDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbud+94kqzaR4MNOE+jGOBAsZwcZKnUGTRZE/rNbcupsDrRKvIDUo0BpWvwYjSdKYCkM41rrvuYnxM6wMI5zOKoNU0wSTCY5o31KBY6r9LL92hs6sMkKhVLaEQbn6eyLDsdbTOLCdMTZjvezNxf+8fmrCGz9jIkkNFWSxKEw5MhLNX0cjpigxfGoJJorZWxEZY4WJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0Qhju4=</latexit>#
<latexit sha1_base64="71DMhHkJlS/olet9yA/9B1EuEMY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix60VsL9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxBDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPoPWM0w==</latexit>

I
<latexit sha1_base64="SYIXPJmFfhu4vD8FJ6Tb82h/axQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7AekoWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MOVMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WmCG0TyaXqhVhTzgRtG2Y47aWK4iTktBuOb2d+94kqzaR4MJOUBgmOBYsYwcZKnX6TxbE/qNbcujsHWiVeQWpQoDWofvWHkmQJFYZwrLXvuakJcqwMI5xOK/1M0xSTMY6pb6nACdVBPr92is6sMkSRVLaEQXP190SOE60nSWg7E2xGetmbif95fmaimyBnIs0MFWSxKMo4MhLNXkdDpigxfGIJJorZWxEZYYWJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0EZjuw=</latexit>"

<latexit sha1_base64="U5cJPmbjd5TWvQMGhVMsQX9Me98="></latexit>

@a

@z
= �M�1

⇥
@M
@✓1

M�1F @M
@✓2

M�1F 0 0
⇤
+M�1 @F

@z

<latexit sha1_base64="5HjW2iGl4seQsOa9B3rFZedjpLo=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2L+3SzSbsboQS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBD8H4JvcfnlBpHst7M0nQj+hQ8pAzaqz02IuoGQVh5k771Zpbd2cgy8QrSA0KNPvVr94gZmmE0jBBte56bmL8jCrDmcBppZdqTCgb0yF2LZU0Qu1ns8RTcmKVAQljZZ80ZKb+3shopPUkCuxknlAvern4n9dNTXjlZ1wmqUHJ5h+FqSAmJvn5ZMAVMiMmllCmuM1K2IgqyowtqWJL8BZPXibts7p3UffuzmuN66KOMhzBMZyCB5fQgFtoQgsYSHiGV3hztPPivDsf89GSU+wcwh84nz+RyZDa</latexit>

0

Eigenvalues

Linearization Stability - Case 1
<latexit sha1_base64="jQ/hhWDv2iQ69SmIh3gluR/Xsvw=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFclUkVdSMU3bisYB/QDkMmTdvQJDMkGWEY6q+4caGIWz/EnX9jOp2Fth7I5XDOvdybE8acaeN5387K6tr6xmZpq7y9s7u37x4ctnWUKEJbJOKR6oZYU84kbRlmOO3GimIRctoJJ7czv/NIlWaRfDBpTH2BR5INGcHGSoFbEQGC11AE9bye2YoCt+rVvBxwmaCCVEGBZuB+9QcRSQSVhnCsdQ95sfEzrAwjnE7L/UTTGJMJHtGepRILqv0sP34KT6wygMNI2ScNzNXfExkWWqcitJ0Cm7Fe9Gbif14vMcMrP2MyTgyVZL5omHBoIjhLAg6YosTw1BJMFLO3QjLGChNj8yrbENDil5dJu15DFzV0f15t3BRxlMAROAanAIFL0AB3oAlagIAUPINX8OY8OS/Ou/Mxb11xipkK+APn8wd29ZIR</latexit>

m1 = m2 = m3 = 1

<latexit sha1_base64="yKYd9zaRmKRuhoRLv7LoARQjRjw=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlYQrZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fAM+tZoG</latexit>

@f

@x
=

… other states/forces = 0
<latexit sha1_base64="U45imbgEkFkAsBQYwKKfBOjdxok="></latexit>2

664

0 0 1 0
0 0 0 1

�20. 0 0 0
20 0 0 0

3

775

<latexit sha1_base64="PlzjjPaEBe2VaJNG7mrBqLB4QD4=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBhZSkiLoRim5cVrAPaEOYTKbt0MkkzEyUEvspblwo4tYvceffOG2z0NYDA4dzzuXeOUHCmdKO820VVlbX1jeKm6Wt7Z3dPbu831JxKgltkpjHshNgRTkTtKmZ5rSTSIqjgNN2MLqZ+u0HKhWLxb0eJ9SL8ECwPiNYG8m3yz1uwiH2M/e0NkFXyPHtilN1ZkDLxM1JBXI0fPurF8YkjajQhGOluq6TaC/DUjPC6aTUSxVNMBnhAe0aKnBElZfNTp+gY6OEqB9L84RGM/X3RIYjpcZRYJIR1kO16E3F/7xuqvuXXsZEkmoqyHxRP+VIx2jaAwqZpETzsSGYSGZuRWSIJSbatFUyJbiLX14mrVrVPa+6d2eV+nVeRxEO4QhOwIULqMMtNKAJBB7hGV7hzXqyXqx362MeLVj5zAH8gfX5Azhokqs=</latexit>

�1,2 = 0
<latexit sha1_base64="5ZpeP4YS4oA1bwRmC2W0F5e8tAI=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4kJLUYN0IRTcuK9gHNCFMJpN26GQSZiZCCQU3/oobF4q49Sfc+TdO2yy09cDA4ZxzuXNPkDIqlWV9G0vLK6tr66WN8ubW9s6uubfflkkmMGnhhCWiGyBJGOWkpahipJsKguKAkU4wvJn4nQciJE34vRqlxItRn9OIYqS05JuHLtPhEPn5+ZkzhlfQTWPoVJ16jfpmxapaU8BFYhekAgo0ffPLDROcxYQrzJCUPdtKlZcjoShmZFx2M0lShIeoT3qachQT6eXTG8bwRCshjBKhH1dwqv6eyFEs5SgOdDJGaiDnvYn4n9fLVHTp5ZSnmSIczxZFGYMqgZNCYEgFwYqNNEFYUP1XiAdIIKx0bWVdgj1/8iJp16r2RdW+cyqN66KOEjgCx+AU2KAOGuAWNEELYPAInsEreDOejBfj3fiYRZeMYuYA/IHx+QOs1ZWa</latexit>

�3,4 = ±4.472i

Comments

Since there is no damping the system is only marginally stable

(real parts of evals = 0) and will oscillate forever.  

<latexit sha1_base64="wrBwgrlJ9qM+5iFIGHxMdzjomOc=">AAACAHicbZC7SgNBFIZn4y3G26qFhc1gEKzCbhC1EYI2lhHMBZJlmZ2cTYbMXpg5K4SQxlexsVDE1sew822cJFto4g8DH/85hzPnD1IpNDrOt1VYWV1b3yhulra2d3b37P2Dpk4yxaHBE5modsA0SBFDAwVKaKcKWBRIaAXD22m99QhKiyR+wFEKXsT6sQgFZ2gs3z7q4gCQ+S69pjlWDTq+XXYqzkx0GdwcyiRX3be/ur2EZxHEyCXTuuM6KXpjplBwCZNSN9OQMj5kfegYjFkE2hvPDpjQU+P0aJgo82KkM/f3xJhFWo+iwHRGDAd6sTY1/6t1MgyvvLGI0wwh5vNFYSYpJnSaBu0JBRzlyADjSpi/Uj5ginE0mZVMCO7iycvQrFbci4p7f16u3eRxFMkxOSFnxCWXpEbuSJ00CCcT8kxeyZv1ZL1Y79bHvLVg5TOH5I+szx8TqJTG</latexit>

✓1 = ✓2 = 0
<latexit sha1_base64="5l6cgg4ldGuQLP3HerzPl0hvK1A=">AAAB/HicbZDLSgMxFIbP1Futt9Eu3QSL4KpMiqgboejGZQV7gXYYMmmmDc1cSDLCUOqruHGhiFsfxJ1vYzqdhbb+EPj4zzmck99PBFfacb6t0tr6xuZWebuys7u3f2AfHnVUnErK2jQWsez5RDHBI9bWXAvWSyQjoS9Y15/czuvdRyYVj6MHnSXMDcko4gGnRBvLs6sDJoSH0TXKoWEAe3bNqTu50CrgAmpQqOXZX4NhTNOQRZoKolQfO4l2p0RqTgWbVQapYgmhEzJifYMRCZlyp/nxM3RqnCEKYmlepFHu/p6YklCpLPRNZ0j0WC3X5uZ/tX6qgyt3yqMk1Syii0VBKpCO0TwJNOSSUS0yA4RKbm5FdEwkodrkVTEh4OUvr0KnUccXdXx/XmveFHGU4RhO4AwwXEIT7qAFbaCQwTO8wpv1ZL1Y79bHorVkFTNV+CPr8wfOJZLt</latexit>

`1 = `2 = 1



Example: Double Pendulum Free Body Diagrams

<latexit sha1_base64="CXyspah+qlUUfPhmhiNSUkgAc9A=">AAACDHicbVDLSsNAFJ34rPVVdelmsAh1UxIRdSMU3bisYB/QhDKZTNuhM5mQuZGWkA9w46+4caGIWz/AnX/jtM1CWw8MHM499869x48E12Db39bS8srq2npho7i5tb2zW9rbb2qVxJQ1qBIqbvtEM8FD1gAOgrWjmBHpC9byhzeTeuuBxZqr8B7GEfMk6Ye8xykBI3VLZVcnErvARpBWesoM1SdZd4SvsFGDQEE6yozLrtpT4EXi5KSMctS7pS83UDSRLAQqiNYdx47AS0kMnAqWFd1Es4jQIemzjqEhkUx76fSYDB8bJcBmFfNCwFP1d0dKpNZj6RunJDDQ87WJ+F+tk0Dv0kt5GCXAQjr7qJcIDApPksEBjxkFMTaE0JibXTEdkJhQMPkVTQjO/MmLpHladc6rzt1ZuXadx1FAh+gIVZCDLlAN3aI6aiCKHtEzekVv1pP1Yr1bHzPrkpX3HKA/sD5/AEsPmyQ=</latexit>X
(forces)x = mẍ

<latexit sha1_base64="mjn7nTRDDhm42JZLxZ9V48LiSNk=">AAACDHicbVDLSsNAFJ3UV62vqks3g0Wom5KIqBuh6MZlBfuAJpTJZNIOnUxC5kYMIR/gxl9x40IRt36AO//GaZuFth4YOJx77p17jxsJrsA0v43S0vLK6lp5vbKxubW9U93d66gwiSlr01CEcc8ligkuWRs4CNaLYkYCV7CuO76e1Lv3LFY8lHeQRswJyFByn1MCWhpUa7ZKAmwDe4Cs7od6qDrOBym+xFr1vBCyNNcus2FOgReJVZAaKtAaVL9sL6RJwCRQQZTqW2YETkZi4FSwvGInikWEjsmQ9TWVJGDKyabH5PhIKx7Wq+gnAU/V3x0ZCZRKA1c7AwIjNV+biP/V+gn4F07GZZQAk3T2kZ8IDCGeJIM9HjMKItWE0JjrXTEdkZhQ0PlVdAjW/MmLpHPSsM4a1u1prXlVxFFGB+gQ1ZGFzlET3aAWaiOKHtEzekVvxpPxYrwbHzNrySh69tEfGJ8/TiWbJg==</latexit>X
(forces)y = mÿ

<latexit sha1_base64="zrA/+AvbFpMRjyQFA4ThWGGqOIs=">AAACEHicbVDLSgNBEJz1GeMr6tHLYBC9GHYXUS9CUBCPEcwDkrDMzk6SITM7y0yvEJZ8ghd/xYsHRbx69ObfOHkcNLGgoajqprsrTAQ34LrfzsLi0vLKam4tv76xubVd2NmtGZVqyqpUCaUbITFM8JhVgYNgjUQzIkPB6mH/euTXH5g2XMX3MEhYW5JuzDucErBSUDi6CXzcosrgFvQYkMA/kYHfxZdYjowoUpANhoEfFIpuyR0DzxNvSopoikpQ+GpFiqaSxUAFMabpuQm0M6KBU8GG+VZqWEJon3RZ09KYSGba2fihIT60SoQ7StuKAY/V3xMZkcYMZGg7JYGemfVG4n9eM4XORTvjcZICi+lkUScVGBQepYMjrhkFMbCEUM3trZj2iCYUbIZ5G4I3+/I8qfkl76zk3Z0Wy1fTOHJoHx2gY+Shc1RGt6iCqoiiR/SMXtGb8+S8OO/Ox6R1wZnO7KE/cD5/ALmtmyg=</latexit>

F2 cos ✓2 �m2g = m2ÿ2
<latexit sha1_base64="Haqd5X7tbdGa7OCN1du1HT6Ubuc=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ3lpki6kYoCuKygn1AW0omk7ahSWZI7ohl6Ae48VfcuFDErR/gzr8x085CWw8ETs45l+QePxLcgOt+OwuLS8srq7m1/PrG5tZ2YWe3bsJYU1ajoQh10yeGCa5YDTgI1ow0I9IXrOEPr1K/cc+04aG6g1HEOpL0Fe9xSsBK3ULx+Lpbxm3DFW7DgAGxtwssUy0IQkgext2yTbkldwI8T7yMFFGGarfw1Q5CGkumgApiTMtzI+gkRAOngo3z7diwiNAh6bOWpYpIZjrJZJkxPrRKgHuhtkcBnqi/JxIijRlJ3yYlgYGZ9VLxP68VQ++8k3AVxcAUnT7UiwWGEKfN4IBrRkGMLCFUc/tXTAdEEwq2v7wtwZtdeZ7UyyXvtOTdnhQrl1kdObSPDtAR8tAZqqAbVEU1RNEjekav6M15cl6cd+djGl1wspk99AfO5w/Zo5mf</latexit>

�F2 sin ✓2 = m2ẍ2

<latexit sha1_base64="BsmJER8hK0woJRQKOscjhe8JS9U=">AAACIHicbVDLSgMxFM34rPU16tJNsAiCWGaKWDdCUSguK9gHtGXIZNI2NJMZkjtiGfopbvwVNy4U0Z1+jeljYVsPBE7OOZfkHj8WXIPjfFtLyyura+uZjezm1vbOrr23X9NRoiir0khEquETzQSXrAocBGvEipHQF6zu929Gfv2BKc0jeQ+DmLVD0pW8wykBI3l28azsubilucQt6DEg5naKy15hRivgKxyOckEQQfo49FzPzjl5Zwy8SNwpyaEpKp791QoimoRMAhVE66brxNBOiQJOBRtmW4lmMaF90mVNQyUJmW6n4wWH+NgoAe5EyhwJeKz+nUhJqPUg9E0yJNDT895I/M9rJtC5bKdcxgkwSScPdRKBIcKjtnDAFaMgBoYQqrj5K6Y9oggF02nWlODOr7xIaoW8e5F3785zpetpHRl0iI7QCXJREZXQLaqgKqLoCb2gN/RuPVuv1of1OYkuWdOZAzQD6+cXKvagjg==</latexit>

�F1 sin ✓1 + F2 sin ✓2 = m1ẍ1

<latexit sha1_base64="IU3rOlXg+DPTbGWdLmcolf/mCRg=">AAACH3icbVDNSgMxGMzWv1r/qh69BIvgxbJbpHoRikLxWMHaQluWbDZtQ7ObJflWWJa+iRdfxYsHRcRb38a03YNtHQhMZuYj+caLBNdg2xMrt7a+sbmV3y7s7O7tHxQPj560jBVlTSqFVG2PaCZ4yJrAQbB2pBgJPMFa3uhu6reemdJcho+QRKwXkEHI+5wSMJJbrNZdB3ep1LgLQwbE3C5w3a0saBV8g4NpzvclpMnYddxiyS7bM+BV4mSkhDI03OJP15c0DlgIVBCtO44dQS8lCjgVbFzoxppFhI7IgHUMDUnAdC+d7TfGZ0bxcV8qc0LAM/XvREoCrZPAM8mAwFAve1PxP68TQ/+6l/IwioGFdP5QPxYYJJ6WhX2uGAWRGEKo4uavmA6JIhRMpQVTgrO88ip5qpSdatl5uCzVbrM68ugEnaJz5KArVEP3qIGaiKIX9IY+0Kf1ar1bX9b3PJqzspljtABr8gur2aBQ</latexit>

F1 cos ✓1 � F2 cos ✓2 = m1ÿ1

<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3
<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1
<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2

<latexit sha1_base64="Xh4Xc41jus8oyAFvcAsLe257fk4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDv1W09MG67kgx0nLIjJQPKIU2Kd1Byga4T9XrniV/0Z0DLBOalAjnqv/NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ+jEKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gkgsBL768TJpnVXxRxffnldpNHkcRjuAYTgHDJdTgDurQAAqP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwDbNo4B</latexit>

g = 10

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="l5q9WZht3sUz+jWYFI33L+hwNxs=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD7Jf65crXtWbA68SPycVyNHol796g5imkilLBTGm63uJDTKiLaeCTUu91LCE0DEZsq6jikhmgmx+6hSfOWWAo1i7UhbP1d8TGZHGTGToOiWxI7PszcT/vG5qo+sg4ypJLVN0sShKBbYxnv2NB1wzasXEEUI1d7diOiKaUOvSKbkQ/OWXV0mrVvUvq/79RaV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwD+W42c</latexit>m2

<latexit sha1_base64="XJnqmgh0ZkRIDqhReO6BqJpaHgI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRQSG6QbdU9iv+DGSZBDkpQ45at/TV6SmWJSgtE9SYduCnNhxTbTkTOCl2MoMpZUPax7ajkiZowvHs2gk5dUqPxEq7kpbM1N8TY5oYM0oi15lQOzCL3lT8z2tnNr4Ox1ymmUXJ5oviTBCryPR10uMamRUjRyjT3N1K2IBqyqwLqOhCCBZfXiaN80pwWQnuL8rVmzyOAhzDCZxBAFdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDNxSO5Q==</latexit>

`1

<latexit sha1_base64="84YYcP6z7eX/ASnqT1z/sHNFRsU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2k3btZhN2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6qEQ/Vq/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfu2UnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2OhlwhcyIiSWUKW5vJWxEFWXGBlSyIXjLL6+SVq3qXVa9+4tK/SaPowgncArn4MEV1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+ADiYjuY=</latexit>

`2
<latexit sha1_base64="jPKnWjh79y6GY27yQg2IGxpzCig=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGm/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjCQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QPQ44/T</latexit>

✓2

<latexit sha1_base64="HyLAePdg1n0g4TanfCNBWWXds+s=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrOt3yxWv6s3gLhM/JxXIUe+Wvzq9hGcxKuKSGdP2vZSCMdMkuMRJqZMZTBkfsj62LVUsRhOMZ/dO3BOr9Nwo0bYUuTP198SYxcaM4tB2xowGZtGbiv957Yyiq2AsVJoRKj5fFGXSpcSdPu/2hEZOcmQJ41rYW10+YJpxshGVbAj+4svLpHlW9S+q/t15pXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP89fj9I=</latexit>

✓1
<latexit sha1_base64="Xh4Xc41jus8oyAFvcAsLe257fk4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDv1W09MG67kgx0nLIjJQPKIU2Kd1Byga4T9XrniV/0Z0DLBOalAjnqv/NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ+jEKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gkgsBL768TJpnVXxRxffnldpNHkcRjuAYTgHDJdTgDurQAAqP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwDbNo4B</latexit>

g = 10

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="XJnqmgh0ZkRIDqhReO6BqJpaHgI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRQSG6QbdU9iv+DGSZBDkpQ45at/TV6SmWJSgtE9SYduCnNhxTbTkTOCl2MoMpZUPax7ajkiZowvHs2gk5dUqPxEq7kpbM1N8TY5oYM0oi15lQOzCL3lT8z2tnNr4Ox1ymmUXJ5oviTBCryPR10uMamRUjRyjT3N1K2IBqyqwLqOhCCBZfXiaN80pwWQnuL8rVmzyOAhzDCZxBAFdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDNxSO5Q==</latexit>

`1
<latexit sha1_base64="HyLAePdg1n0g4TanfCNBWWXds+s=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrOt3yxWv6s3gLhM/JxXIUe+Wvzq9hGcxKuKSGdP2vZSCMdMkuMRJqZMZTBkfsj62LVUsRhOMZ/dO3BOr9Nwo0bYUuTP198SYxcaM4tB2xowGZtGbiv957Yyiq2AsVJoRKj5fFGXSpcSdPu/2hEZOcmQJ41rYW10+YJpxshGVbAj+4svLpHlW9S+q/t15pXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP89fj9I=</latexit>

✓1
<latexit sha1_base64="l5q9WZht3sUz+jWYFI33L+hwNxs=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD7Jf65crXtWbA68SPycVyNHol796g5imkilLBTGm63uJDTKiLaeCTUu91LCE0DEZsq6jikhmgmx+6hSfOWWAo1i7UhbP1d8TGZHGTGToOiWxI7PszcT/vG5qo+sg4ypJLVN0sShKBbYxnv2NB1wzasXEEUI1d7diOiKaUOvSKbkQ/OWXV0mrVvUvq/79RaV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwD+W42c</latexit>m2

<latexit sha1_base64="84YYcP6z7eX/ASnqT1z/sHNFRsU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2k3btZhN2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6qEQ/Vq/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfu2UnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2OhlwhcyIiSWUKW5vJWxEFWXGBlSyIXjLL6+SVq3qXVa9+4tK/SaPowgncArn4MEV1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+ADiYjuY=</latexit>

`2
<latexit sha1_base64="jPKnWjh79y6GY27yQg2IGxpzCig=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGm/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjCQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QPQ44/T</latexit>

✓2

<latexit sha1_base64="jPKnWjh79y6GY27yQg2IGxpzCig=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGm/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjCQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QPQ44/T</latexit>

✓2

<latexit sha1_base64="Pq8Y5lpI1WrAkKy2RY8QNCh0YLU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPBbY10</latexit>

F1

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="zCz39/UIPWSCc2GsZX4DvhemZTw=">AAAB7HicbVBNSwMxEJ34WetX1aOXYBE8ld0i6rHoxWMFty20S8mm2TY0yS5JVihLf4MXD4p49Qd589+YtnvQ1gcDj/dmmJkXpYIb63nfaG19Y3Nru7RT3t3bPzisHB23TJJpygKaiER3ImKY4IoFllvBOqlmREaCtaPx3cxvPzFteKIe7SRloSRDxWNOiXVSIPt1POxXql7NmwOvEr8gVSjQ7Fe+eoOEZpIpSwUxput7qQ1zoi2ngk3LvcywlNAxGbKuo4pIZsJ8fuwUnztlgONEu1IWz9XfEzmRxkxk5DolsSOz7M3E/7xuZuObMOcqzSxTdLEozgS2CZ59jgdcM2rFxBFCNXe3YjoimlDr8im7EPzll1dJq17zr2r+w2W1cVvEUYJTOIML8OEaGnAPTQiAAodneIU3pNALekcfi9Y1VMycwB+gzx8XA443</latexit>m2g<latexit sha1_base64="FtLDB/g5KAYxuXJvSv+yL1+Zzd0=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V3LbQLiWbZtvQJLskWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUMkmmKQtoIhLdiYhhgisWWG4F66SaERkJ1o7GdzO//cS04Yl6tJOUhZIMFY85JdZJgexjNOxXa37dnwOtElyQGhRo9qtfvUFCM8mUpYIY08V+asOcaMupYNNKLzMsJXRMhqzrqCKSmTCfHztFZ04ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fgmzLlKM8sUXSyKM4FsgmafowHXjFoxcYRQzd2tiI6IJtS6fCouBLz88ippXdTxVR0/XNYat0UcZTiBUzgHDNfQgHtoQgAUODzDK7x5ynvx3r2PRWvJK2aO4Q+8zx8VfY42</latexit>m1g

<latexit sha1_base64="I7WLphtYaFSfmfi8WpFuaYy9pfo=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4MaSEVE3QtGNywr2AW0Ik8mkHTqThJmJUEI2/oobF4q49TPc+TdO2iy09cDlHs65l5l7/IQzpR3n26osLa+srlXXaxubW9s79u5eR8WpJLRNYh7Lno8V5Syibc00p71EUix8Trv++Lbwu49UKhZHD3qSUFfgYcRCRrA2kmcfnAoPwSG8hkUfBEGss0nuIc+uOw1nCrhIUEnqoETLs78GQUxSQSNNOFaqj5xEuxmWmhFO89ogVTTBZIyHtG9ohAVVbjY9IIfHRglgGEtTkYZT9fdGhoVSE+GbSYH1SM17hfif1091eOVmLEpSTSMyeyhMOdQxLNKAAZOUaD4xBBPJzF8hGWGJiTaZ1UwIaP7kRdI5a6CLBro/rzdvyjiq4BAcgROAwCVogjvQAm1AQA6ewSt4s56sF+vd+piNVqxyZx/8gfX5AztXlOo=</latexit>�m1g = m1ÿ1

Pendulum 1

Kinematics

<latexit sha1_base64="b91MtPjv3k5SMwf3uxdltwMmwC0=">AAACA3icbZA9SwNBEIb3/IzxK2qnzWIQrMKdiNoIQRvLCOYDcuHY20ySJXt7x+6cGELAxr9iY6GIrX/Czn/jJrlCE19YeHhnhtl5w0QKg6777SwsLi2vrObW8usbm1vbhZ3dmolTzaHKYxnrRsgMSKGgigIlNBINLAol1MP+9bhevwdtRKzucJBAK2JdJTqCM7RWUNh/CDx6SX2Q0oJvhKI+9gBZ4AWFoltyJ6Lz4GVQJJkqQeHLb8c8jUAhl8yYpucm2BoyjYJLGOX91EDCeJ91oWlRsQhMazi5YUSPrNOmnVjbp5BO3N8TQxYZM4hC2xkx7JnZ2tj8r9ZMsXPRGgqVpAiKTxd1UkkxpuNAaFto4CgHFhjXwv6V8h7TjKONLW9D8GZPnofaSck7K3m3p8XyVRZHjhyQQ3JMPHJOyuSGVEiVcPJInskreXOenBfn3fmYti442cwe+SPn8wey3ZZL</latexit>

x1 = `1 sin ✓1
<latexit sha1_base64="33x7SWt1T0746KjqvMuDOO4nOu8=">AAACF3icbZDLSgMxFIYz9VbrbdSlm2ARXJUZEXUjFN24rGAv0BmGTHrahmYuJGfEMvQt3Pgqblwo4lZ3vo3pZaGtPwR+vnNOkvOHqRQaHefbKiwtr6yuFddLG5tb2zv27l5DJ5niUOeJTFQrZBqkiKGOAiW0UgUsCiU0w8H1uN68B6VFEt/hMAU/Yr1YdAVnaFBgV7xOgvnDKHDpJZ14D/uAzAAPpDTY44mmUxi4gV12Ks5EdNG4M1MmM9UC+8tcyrMIYuSSad12nRT9nCkUXMKo5GUaUsYHrAdtY2MWgfbzyV4jemRIh3YTZU6MdEJ/T+Qs0noYhaYzYtjX87Ux/K/WzrB74eciTjOEmE8f6maSYkLHIdGOUMBRDo1hXAnzV8r7TDGOJsqSCcGdX3nRNE4q7lnFvT0tV69mcRTJATkkx8Ql56RKbkiN1Aknj+SZvJI368l6sd6tj2lrwZrN7JM/sj5/ACQHn0Y=</latexit>

ẋ1 = ✓̇1`1 cos ✓1
<latexit sha1_base64="b5QqzMnHoZlItMhUDmrlZShv2V4="></latexit>

ẍ1 = ✓̈1`1 cos ✓1 � ✓̇21`1 sin ✓1

<latexit sha1_base64="QdJfu+QQmc/TByfZvRaz27bmZZI=">AAACBHicbZC7SgNBFIZnvcZ4i1qmGQyCjWFXRG2EoI1lBHOB7LLMTs4mQ2YvzJwVwpLCxlexsVDE1oew822cXApN/GHg4z/ncOb8QSqFRtv+tpaWV1bX1gsbxc2t7Z3d0t5+UyeZ4tDgiUxUO2AapIihgQIltFMFLAoktILBzbjeegClRRLf4zAFL2K9WISCMzSWXyoPfYde0RMXpDTk8kRTF/uAzHf8UsWu2hPRRXBmUCEz1f3Sl9tNeBZBjFwyrTuOnaKXM4WCSxgV3UxDyviA9aBjMGYRaC+fHDGiR8bp0jBR5sVIJ+7viZxFWg+jwHRGDPt6vjY2/6t1MgwvvVzEaYYQ8+miMJMUEzpOhHaFAo5yaIBxJcxfKe8zxTia3IomBGf+5EVonlad86pzd1apXc/iKJAyOSTHxCEXpEZuSZ00CCeP5Jm8kjfryXqx3q2PaeuSNZs5IH9kff4AGyGWfg==</latexit>

y1 = �`1 cos ✓1
<latexit sha1_base64="JgMlWX7JClb1aCavr+kLpNHPkUI=">AAACF3icbZDLSgMxFIYzXmu9VV26CRbBVZkRUTdC0Y3LCvYCnTJk0tM2NJMZkjNCGfoWbnwVNy4Ucas738Z02oW2/hD4+c45Sc4fJlIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e03TJxqDnUey1i3QmZACgV1FCihlWhgUSihGQ5vJvXmA2gjYnWPowQ6Eesr0ROcoUVBqeJ3Y8xG48CjVzT3Pg4AmQU+SGmxb4SiUxh4QansVtxcdNF4M1MmM9WC0pe9lKcRKOSSGdP23AQ7GdMouIRx0U8NJIwPWR/a1ioWgelk+V5jemxJl/ZibY9CmtPfExmLjBlFoe2MGA7MfG0C/6u1U+xddjKhkhRB8elDvVRSjOkkJNoVGjjKkTWMa2H/SvmAacbRRlm0IXjzKy+axmnFO694d2fl6vUsjgI5JEfkhHjkglTJLamROuHkkTyTV/LmPDkvzrvzMW1dcmYzB+SPnM8fLY6fTA==</latexit>

ẏ1 = ✓̇1`1 sin ✓1
<latexit sha1_base64="Yf7pQoQOjenUzZvouCg367tWgKU="></latexit>

ÿ1 = ✓̈1`1 sin ✓1 + ✓̇21`1 cos ✓1

Pendulum 2

<latexit sha1_base64="K9fvqbgybxdrllPV5ZrwetBejtQ="></latexit>

ẋ2 = ẋ1 + ✓̇2`2 cos ✓2 = ✓̇1`1 cos ✓1 + ✓̇2`2 cos ✓2
<latexit sha1_base64="H3YF/5a2a132c8cgK1UAoHTkvnQ="></latexit>

ẍ2 = ẍ1 + ✓̈2`2 cos ✓2 � ✓̇22`2 sin ✓2 = ✓̈1`1 cos ✓1 � ✓̇21`1 sin ✓1 + ✓̈2`2 cos ✓2 � ✓̇22`2 sin ✓2

<latexit sha1_base64="4nkBlwGS7tGivGNQDhdYS75n8wo=">AAACNXicdZDLSgMxFIYzXmu9jbp0EyyCIJQZEXUjFN24cFHBqtApQyY9tcFMZkjOSEvpS7nxPVzpwoUibn0F0+ksvB4I/Pn+c0jOH6VSGPS8J2dicmp6ZrY0V55fWFxadldWL0ySaQ4NnshEX0XMgBQKGihQwlWqgcWRhMvo5njkX96CNiJR59hPoRWzayU6gjO0KHRPe+EOPaS90KfbNAAp7TUwQgXYBWS5l1M/p7TA/zSHbsWrennR38IvRIUUVQ/dh6Cd8CwGhVwyY5q+l2JrwDQKLmFYDjIDKeM37BqaVioWg2kN8q2HdNOSNu0k2h6FNKdfJwYsNqYfR7YzZtg1P70R/MtrZtg5aA2ESjMExccPdTJJMaGjCGlbaOAo+1YwroX9K+VdphlHG3TZhuD/XPm3uNip+ntV/2y3Ujsq4iiRdbJBtohP9kmNnJA6aRBO7sgjeSGvzr3z7Lw57+PWCaeYWSPfyvn4BMMFqIE=</latexit>

x2 = x1 + `2 sin ✓2 = `1 sin ✓1 + `2 sin ✓2
<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="MI4iaa9t3elN9cdAdp9GIeCMAnU=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoxmUF+5B2KJk004YmM0NyRyxDv8KNC0Xc+jnu/BvTdhbaeiBwOOcecu8JEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FBFvoEDJ24nmVAWSt4LRzdRvPXJtRBzd4zjhvqKDSISCUbTSQ7cfY/Y06VV7pbJbcWcgy8TLSRly1HulL5tlqeIRMkmN6Xhugn5GNQom+aTYTQ1PKBvRAe9YGlHFjZ/NFp6QU6v0SRhr+yIkM/V3IqPKmLEK7KSiODSL3lT8z+ukGF75mYiSFHnE5h+FqSQYk+n1pC80ZyjHllCmhd2VsCHVlKHtqGhL8BZPXibNasW7qHh35+XadV5HAY7hBM7Ag0uowS3UoQEMFDzDK7w52nlx3p2P+eiKk2eO4A+czx/tupB+</latexit>

ẋ2
<latexit sha1_base64="3U6RacfBcHiqY8SKzRIiMyV21z0=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE8laSIeix68VjBfmBbymazaZdudsPuRCyh/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLEsENet63s7K6tr6xWdgqbu/s7u2XDg6bRqWasgZVQul2QAwTXLIGchSsnWhG4kCwVjC6mfqtR6YNV/IexwnrxWQgecQpQSs9dMNQYfY06Vf7pbJX8WZwl4mfkzLkqPdLX91Q0TRmEqkgxnR8L8FeRjRyKtik2E0NSwgdkQHrWCpJzEwvm108cU+tErqR0rYkujP190RGYmPGcWA7Y4JDs+hNxf+8TorRVS/jMkmRSTpfFKXCReVO33dDrhlFMbaEUM3trS4dEk0o2pCKNgR/8eVl0qxW/IuKf3derl3ncRTgGE7gDHy4hBrcQh0aQEHCM7zCm2OcF+fd+Zi3rjj5zBH8gfP5A63JkOw=</latexit>

ẍ2

<latexit sha1_base64="rD/K3R7nRe/VP/0rUdW1BEbPSTk=">AAACOnicdVDLSgMxFM34dnxVXboJFsGNZVJE3RRENy4tWC10ypBJb9vQzIPkjjAUv8uNX+HOhRsXirj1A0zbWajVA4GTc84luSdMlTToeU/OzOzc/MLi0rK7srq2vlHa3Lo2SaYFNESiEt0MuQElY2igRAXNVAOPQgU34eB85N/cgjYyia8wT6Ed8V4su1JwtFJQqudBldZoHjB6QH1Qyl59kRjqYx+QB1W35hYG+2Ew9598UCp7FW8MOk1YQcqkwGVQevQ7icgiiFEobkyLeSm2h1yjFAruXD8zkHIx4D1oWRrzCEx7OF79ju5ZpUO7ibYnRjpWv08MeWRMHoU2GXHsm9/eSPzLa2XYPWkPZZxmCLGYPNTNFMWEjnqkHalBoMot4UJL+1cq+lxzgbbtUQns98rT5LpaYUcVVj8sn54VdSyRHbJL9gkjx+SUXJBL0iCC3JNn8krenAfnxXl3PibRGaeY2SY/4Hx+AUdyqP8=</latexit>

y2 = y1 � `2 cos ✓2 = �`1 cos ✓1 � `2 cos ✓2
<latexit sha1_base64="knRqiNCn2fbum80My9XMGaByInI="></latexit>

ẏ2 = ẏ1 + ✓̇2`2 sin ✓2 = ✓̇1`1 sin ✓1 + ✓̇2`2 sin ✓2
<latexit sha1_base64="g8tzsyrqe4wHK+3OhSehoY3nqlE="></latexit>

ÿ2 = ÿ1 + ✓̈2`2 sin ✓2 + ✓̇22`2 cos ✓2 = ✓̈1`1 sin ✓1 + ✓̇21`1 cos ✓1 + ✓̈2`2 sin ✓2 + ✓̇22`2 cos ✓2

<latexit sha1_base64="eYAgKqSiYd8jVtwyJdBmRglvFEY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2m3bpZhN2J0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xCzhfkSHSoSCUbTSQ9av9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/QnVKJjk01IvNTyhbEyHvGupohE3/mR+6pScWWVAwljbUkjm6u+JCY2MyaLAdkYUR2bZm4n/ed0Uw2t/IlSSIldssShMJcGYzP4mA6E5Q5lZQpkW9lbCRlRThjadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEQso2o</latexit>y2
<latexit sha1_base64="gGiPFGcKp6/1/QH9DHgsTY188rE=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ie0Q8mkmTY0mRmSO0IZ+hVuXCji1s9x59+YtrPQ1gOBwzn3kHtPkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUkS8iQIl7ySaUxVI3g7GtzO//cS1EXH0gJOE+4oOIxEKRtFKj71BjNlk2q/1yxW36s5BVomXkwrkaPTLXzbLUsUjZJIa0/XcBP2MahRM8mmplxqeUDamQ961NKKKGz+bLzwlZ1YZkDDW9kVI5urvREaVMRMV2ElFcWSWvZn4n9dNMbz2MxElKfKILT4KU0kwJrPryUBozlBOLKFMC7srYSOqKUPbUcmW4C2fvEpatap3WfXuLyr1m7yOIpzAKZyDB1dQhztoQBMYKHiGV3hztPPivDsfi9GCk2eO4Q+czx/vQZB/</latexit>

ẏ2
<latexit sha1_base64="iBRSr7ZMpp7ofNgrR23/ViT4uIA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae2oWw2m3bpZjfsboQQ+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbmd+94kqzaR4MFlC/RiPBIsYwcZKj4MwlCbPpsPGsFpz6+4caJV4BalBgdaw+jUIJUljKgzhWOu+5ybGz7EyjHA6rQxSTRNMJnhE+5YKHFPt5/OLp+jMKiGKpLIlDJqrvydyHGudxYHtjLEZ62VvJv7n9VMTXfs5E0lqqCCLRVHKkZFo9j4KmaLE8MwSTBSztyIyxgoTY0Oq2BC85ZdXSadR9y7r3v1FrXlTxFGGEziFc/DgCppwBy1oAwEBz/AKb452Xpx352PRWnKKmWP4A+fzB69QkO0=</latexit>

ÿ2

Dynamics:

Pendulum 1:

Pendulum 2:

<latexit sha1_base64="yEkC3nyhk0+WR/Wc5H6P6wWQ4gE="></latexit>

@M

@✓1
=


0 m2`2`1 sin(✓2 � ✓1)

m2`2`1 sin(✓2 � ✓1) 0

�

<latexit sha1_base64="iqNAS1RefEFOAsavs1huACxr8BA="></latexit>

@M

@✓2
=


0 �m2`2`1 sin(✓2 � ✓1)

�m2`2`1 sin(✓2 � ✓1) 0

�

<latexit sha1_base64="TfobIaLfR4KjSHDjOE14l1DPNHw="></latexit>
0 m22✓̇2`2`1 sin(✓2 � ✓1)

�m22✓̇1`1`2 sin(✓2 � ✓1) 0

�<latexit sha1_base64="I7+2BJAemJOoOmSKLxdhvBbE7aI="></latexit>

@F

@z
=


�m2✓̇22`2`1 cos(✓2 � ✓1)� (m1 +m2)`1 cos ✓1g m2✓̇22`2`1 cos(✓2 � ✓1)

m2✓̇21`1`2 cos(✓2 � ✓1) �m2✓̇21`1`2 cos(✓2 � ✓1)

�

<latexit sha1_base64="oYpzKOEU7uBM8E6EQg7MRDVsb8M="></latexit>

z =

2

664

✓1
✓2
✓̇1
✓̇2

3

775

<latexit sha1_base64="dDOEXUzGuYD/5/QqgHUtANWYeL8="></latexit>

det(M) = m2`
2
1`

2
2

�
m1 �m2 sin

2(✓2 � ✓1)
�

<latexit sha1_base64="0fBb0J7JRJX7USzc56ObzJzPuNM="></latexit>
m2`22 �m2`2`1 cos(✓2 � ✓1)

�m2`2`1 cos(✓2 � ✓1) (m1 +m2)`21

�<latexit sha1_base64="2EpLJARI9h79Wr4T8vDi7sn+srY=">AAACG3icbVDLSgMxFM34tr6qLt0Ei1AXlhkRdSOIbtwIFawKnVoy6Z02mHmQ3BFLmP9w46+4caGIK8GFf2P6AB/1QOBwzrnk3hOkUmh03U9nbHxicmp6ZrYwN7+wuFRcXrnQSaY41HgiE3UVMA1SxFBDgRKuUgUsCiRcBjfHPf/yFpQWSXyO3RQaEWvHIhScoZWaxW0/YtgJQnOaX5stL6cH1A8V48bLjY9wh6YFmJe/U5t5s1hyK24fdJR4Q1IiQ1SbxXe/lfAsghi5ZFrXPTfFhmEKBZeQF/xMQ8r4DWtD3dKYRaAbpn9bTjes0qJhouyLkfbVnxOGRVp3o8Amezvqv15P/M+rZxjuN4yI0wwh5oOPwkxSTGivKNoSCjjKriWMK2F3pbzDbDVo6yzYEry/J4+Si+2Kt1vxznZKh0fDOmbIGlknZeKRPXJITkiV1Agn9+SRPJMX58F5cl6dt0F0zBnOrJJfcD6+AIUTobw=</latexit>

M�1 =
1

det(M)

Dynamics…
<latexit sha1_base64="l2Ugl02wXDnbzBSKXsioGAyh6Dw=">AAACD3icbVDLSgMxFL1TX7W+Rl26CRbFjWVGRN0IRUHcCBXsA9qxZNJMG5p5kGSEMswfuPFX3LhQxK1bd/6NmT5AWw8Ezj3nXnLvcSPOpLKsbyM3N7+wuJRfLqysrq1vmJtbNRnGgtAqCXkoGi6WlLOAVhVTnDYiQbHvclp3+5eZX3+gQrIwuFODiDo+7gbMYwQrLbXN/ZaPVc/1EpyiczQpbtL75NBOJ+VV2jaLVskaAs0Se0yKMEalbX61OiGJfRoowrGUTduKlJNgoRjhNC20YkkjTPq4S5uaBtin0kmG96RoTysd5IVCv0Chofp7IsG+lAPf1Z3ZhnLay8T/vGasvDMnYUEUKxqQ0UdezJEKURYO6jBBieIDTTARTO+KSA8LTJSOsKBDsKdPniW1o5J9UrJvj4vli3EcediBXTgAG06hDNdQgSoQeIRneIU348l4Md6Nj1FrzhjPbMMfGJ8//aucpA==</latexit>

a = M�1F
<latexit sha1_base64="vg8z73vZLD9idFyYoZ2KNthBrA4="></latexit>

(m1 +m2)`21 m2`2`1 cos(✓2 � ✓1)
m2`2`1 cos(✓2 � ✓1) m2`22

� <latexit sha1_base64="+KhRvj6q0fr2GXwQhG40spE5OW4=">AAACKXicbVDLSgMxFM34rPVVdekmWARXZaaIuiy6cVnBPqBTSiZz24ZmMkNyRyxDf8eNv+JGQVG3/ojpA9HWA4HDOfeQe0+QSGHQdT+cpeWV1bX13EZ+c2t7Z7ewt183cao51HgsY90MmAEpFNRQoIRmooFFgYRGMLga+4070EbE6haHCbQj1lOiKzhDK3UKFT+AnlBZEDHU4n5E/TCMMfOxD8hGHY/6/pxUpj6o8CfQKRTdkjsBXSTejBTJDNVO4cUPY55GoJBLZkzLcxNsZ0yj4BJGeT81kDA+YD1oWapYBKadTS4d0WOrhLQba/sU0on6O5GxyJhhFNhJu1/fzHtj8T+vlWL3op0JlaQIik8/6qaSYkzHtdFQaOAoh5YwroXdlfI+04yjLTdvS/DmT14k9XLJOyt5N6fFyuWsjhw5JEfkhHjknFTINamSGuHkgTyRV/LmPDrPzrvzOR1dcmaZA/IHztc343SoPg==</latexit>
✓̈1
✓̈2

� <latexit sha1_base64="ccMf1NPkQJVlXbCitVl9jvwZqG8="></latexit>
m2✓̇22`2`1 sin(✓2 � ✓1)� (m1 +m2)`1 sin ✓1g

�m2✓̇21`1`2 sin(✓2 � ✓1)

�
<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> ( <latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="cD4k4KNzpmj/EC8Ge0xqniELPZI=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiGzdCBfvAtpRMeqcNzWSGJCOUoX/hxoUibv0bd/6NmXYW2nogcDjnXnLu8WPBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpKFMMGi0Sk2j7VKLjEhuFGYDtWSENfYMsf32R+6wmV5pF8MJMYeyEdSh5wRo2VHrshNSM/SO+m/XLFrbozkGXi5aQCOer98ld3ELEkRGmYoFp3PDc2vZQqw5nAaambaIwpG9MhdiyVNETdS2eJp+TEKgMSRMo+achM/b2R0lDrSejbySyhXvQy8T+vk5jgqpdyGScGJZt/FCSCmIhk55MBV8iMmFhCmeI2K2EjqigztqSSLcFbPHmZNM+q3kXVuz+v1K7zOopwBMdwCh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxHC06+cwh/4Hz+AL3akPc=</latexit>

M
<latexit sha1_base64="Uj6nJ3AsEVHd4YV8iSLkuEEseJM=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EcRSEGZ32qzW37s5AlolXkBoUaParX71BzNKIK2SSGtP13AT9jGoUTPJppZcanlA2pkPetVTRiBs/myWekhOrDEgYa/sUkpn6eyOjkTGTKLCTeUKz6OXif143xfDKz4RKUuSKzT8KU0kwJvn5ZCA0ZygnllCmhc1K2IhqytCWVLEleIsnL5P2Wd27qHt357XGdVFHGY7gGE7Bg0towC00oQUMFDzDK7w5xnlx3p2P+WjJKXYO4Q+czx/cPpEL</latexit>a

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="sZ49ajG7bco8ZWSalhiKsP33yl4=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiIC4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4WV1bX1jeJmaWt7Z3evvH/Q1FGiGDZYJCLV9qlGwSU2DDcC27FCGvoCW/74JvNbT6g0j+SDmcTYC+lQ8oAzaqz02A2pGflBejvtlytu1Z2BLBMvJxXIUe+Xv7qDiCUhSsME1brjubHppVQZzgROS91EY0zZmA6xY6mkIepeOks8JSdWGZAgUvZJQ2bq742UhlpPQt9OZgn1opeJ/3mdxARXvZTLODEo2fyjIBHERCQ7nwy4QmbExBLKFLdZCRtRRZmxJZVsCd7iycukeVb1Lqre/Xmldp3XUYQjOIZT8OASanAHdWgAAwnP8ApvjnZenHfnYz5acPKdQ/gD5/MHszeQ8A==</latexit>

F

Linearization…

Linearization
<latexit sha1_base64="sSe0ShM6AhWwXoGkEu8N+HKyRhI=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBDiJeyKqBch6MVjBPOAZA2zk9lkyOyDmV4lWfIfXjwo4tV/8ebfOEn2oIkFDUVV90x3ebEUGm3721paXlldW89t5De3tnd2C3v7dR0livEai2Skmh7VXIqQ11Cg5M1YcRp4kje8wc3EbzxypUUU3uMw5m5Ae6HwBaNopId2N8J0NCZXxC+NTjqFol22pyCLxMlIETJUO4Uv8wBLAh4ik1TrlmPH6KZUoWCSj/PtRPOYsgHt8ZahIQ24dtPp1mNybJQu8SNlKkQyVX9PpDTQehh4pjOg2Nfz3kT8z2sl6F+6qQjjBHnIZh/5iSQYkUkEpCsUZyiHhlCmhNmVsD5VlKEJKm9CcOZPXiT107JzXnbuzoqV6yyOHBzCEZTAgQuowC1UoQYMFDzDK7xZT9aL9W59zFqXrGzmAP7A+vwBbTiRzw==</latexit>

ż = f(z)

<latexit sha1_base64="KJk6aJ9rfd/3nEin2NF3JYzxG1o=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlQQ7ZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fANBxZoI</latexit>

@f

@z
=

<latexit sha1_base64="KJk6aJ9rfd/3nEin2NF3JYzxG1o=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlQQ7ZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fANBxZoI</latexit>

@f

@z
=

<latexit sha1_base64="oYpzKOEU7uBM8E6EQg7MRDVsb8M="></latexit>

z =

2

664

✓1
✓2
✓̇1
✓̇2

3

775
<latexit sha1_base64="SYIXPJmFfhu4vD8FJ6Tb82h/axQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7AekoWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MOVMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WmCG0TyaXqhVhTzgRtG2Y47aWK4iTktBuOb2d+94kqzaR4MJOUBgmOBYsYwcZKnX6TxbE/qNbcujsHWiVeQWpQoDWofvWHkmQJFYZwrLXvuakJcqwMI5xOK/1M0xSTMY6pb6nACdVBPr92is6sMkSRVLaEQXP190SOE60nSWg7E2xGetmbif95fmaimyBnIs0MFWSxKMo4MhLNXkdDpigxfGIJJorZWxEZYYWJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0EZjuw=</latexit>"

<latexit sha1_base64="sPt5zFMtFZrmK4yzsY2e6HpymSQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ae0oWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZqDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbud+94kqzaR4MNOE+jGOBAsZwcZKnUGTRZE/rNbcupsDrRKvIDUo0BpWvwYjSdKYCkM41rrvuYnxM6wMI5zOKoNU0wSTCY5o31KBY6r9LL92hs6sMkKhVLaEQbn6eyLDsdbTOLCdMTZjvezNxf+8fmrCGz9jIkkNFWSxKEw5MhLNX0cjpigxfGoJJorZWxEZY4WJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0Qhju4=</latexit>#
<latexit sha1_base64="5HjW2iGl4seQsOa9B3rFZedjpLo=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2L+3SzSbsboQS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBD8H4JvcfnlBpHst7M0nQj+hQ8pAzaqz02IuoGQVh5k771Zpbd2cgy8QrSA0KNPvVr94gZmmE0jBBte56bmL8jCrDmcBppZdqTCgb0yF2LZU0Qu1ns8RTcmKVAQljZZ80ZKb+3shopPUkCuxknlAvern4n9dNTXjlZ1wmqUHJ5h+FqSAmJvn5ZMAVMiMmllCmuM1K2IgqyowtqWJL8BZPXibts7p3UffuzmuN66KOMhzBMZyCB5fQgFtoQgsYSHiGV3hztPPivDsf89GSU+wcwh84nz+RyZDa</latexit>

0
<latexit sha1_base64="71DMhHkJlS/olet9yA/9B1EuEMY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix60VsL9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxBDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPoPWM0w==</latexit>

I
<latexit sha1_base64="dDHmhDxI9jZj3R0SEpDljDCN5pU=">AAACEHicbVDLSsNAFL3xWeMr6tLNYBFdlUREXRbduKxgH9CEMplO2qGTBzMToYZ8ght/xY0LRdy6dOffOGkDauuBgcM599659/gJZ1LZ9pexsLi0vLJaWTPXNza3tq2d3ZaMU0Fok8Q8Fh0fS8pZRJuKKU47iaA49Dlt+6Orwm/fUSFZHN2qcUK9EA8iFjCClZZ61pHpBgKTzE2wUAxz5IZYDf0gw3n+I97nPatq1+wJ0DxxSlKFEo2e9en2Y5KGNFKEYym7jp0oLysGEk5z000lTTAZ4QHtahrhkEovmxyUo0Ot9FEQC/0ihSbq744Mh1KOQ19XFuvKWa8Q//O6qQouvIxFSapoRKYfBSlHKkZFOqjPBCWKjzXBRDC9KyJDrANSOkNTh+DMnjxPWic156zm3JxW65dlHBXYhwM4BgfOoQ7X0IAmEHiAJ3iBV+PReDbejPdp6YJR9uzBHxgf358enZw=</latexit>

@a

@z
<latexit sha1_base64="KTcTtUnmZcm/a2cj2dg6AHoG/wY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUP++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSvKh4VxWvflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPdoWMtw==</latexit>�<latexit sha1_base64="KTcTtUnmZcm/a2cj2dg6AHoG/wY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUP++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSvKh4VxWvflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPdoWMtw==</latexit>�

<latexit sha1_base64="P/RpPJJglcINGRWdhWm0xSduyG0="></latexit>h
@M�1

@✓1
F @M�1

@✓2
F @M�1

@✓̇1
F @M�1

@✓̇2
F
i
+M�1 @F

@z

<latexit sha1_base64="dDHmhDxI9jZj3R0SEpDljDCN5pU=">AAACEHicbVDLSsNAFL3xWeMr6tLNYBFdlUREXRbduKxgH9CEMplO2qGTBzMToYZ8ght/xY0LRdy6dOffOGkDauuBgcM599659/gJZ1LZ9pexsLi0vLJaWTPXNza3tq2d3ZaMU0Fok8Q8Fh0fS8pZRJuKKU47iaA49Dlt+6Orwm/fUSFZHN2qcUK9EA8iFjCClZZ61pHpBgKTzE2wUAxz5IZYDf0gw3n+I97nPatq1+wJ0DxxSlKFEo2e9en2Y5KGNFKEYym7jp0oLysGEk5z000lTTAZ4QHtahrhkEovmxyUo0Ot9FEQC/0ihSbq744Mh1KOQ19XFuvKWa8Q//O6qQouvIxFSapoRKYfBSlHKkZFOqjPBCWKjzXBRDC9KyJDrANSOkNTh+DMnjxPWic156zm3JxW65dlHBXYhwM4BgfOoQ7X0IAmEHiAJ3iBV+PReDbejPdp6YJR9uzBHxgf358enZw=</latexit>

@a

@z

<latexit sha1_base64="KJk6aJ9rfd/3nEin2NF3JYzxG1o=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlQQ7ZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fANBxZoI</latexit>

@f

@z
=

<latexit sha1_base64="U5cJPmbjd5TWvQMGhVMsQX9Me98="></latexit>

@a

@z
= �M�1

⇥
@M
@✓1

M�1F @M
@✓2

M�1F 0 0
⇤
+M�1 @F

@z

<latexit sha1_base64="sPt5zFMtFZrmK4yzsY2e6HpymSQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ae0oWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZqDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbud+94kqzaR4MNOE+jGOBAsZwcZKnUGTRZE/rNbcupsDrRKvIDUo0BpWvwYjSdKYCkM41rrvuYnxM6wMI5zOKoNU0wSTCY5o31KBY6r9LL92hs6sMkKhVLaEQbn6eyLDsdbTOLCdMTZjvezNxf+8fmrCGz9jIkkNFWSxKEw5MhLNX0cjpigxfGoJJorZWxEZY4WJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0Qhju4=</latexit>#
<latexit sha1_base64="71DMhHkJlS/olet9yA/9B1EuEMY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix60VsL9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxBDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPoPWM0w==</latexit>

I
<latexit sha1_base64="SYIXPJmFfhu4vD8FJ6Tb82h/axQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7AekoWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MOVMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WmCG0TyaXqhVhTzgRtG2Y47aWK4iTktBuOb2d+94kqzaR4MJOUBgmOBYsYwcZKnX6TxbE/qNbcujsHWiVeQWpQoDWofvWHkmQJFYZwrLXvuakJcqwMI5xOK/1M0xSTMY6pb6nACdVBPr92is6sMkSRVLaEQXP190SOE60nSWg7E2xGetmbif95fmaimyBnIs0MFWSxKMo4MhLNXkdDpigxfGIJJorZWxEZYYWJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0EZjuw=</latexit>"

<latexit sha1_base64="U5cJPmbjd5TWvQMGhVMsQX9Me98="></latexit>

@a

@z
= �M�1

⇥
@M
@✓1

M�1F @M
@✓2

M�1F 0 0
⇤
+M�1 @F

@z

<latexit sha1_base64="5HjW2iGl4seQsOa9B3rFZedjpLo=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2L+3SzSbsboQS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBD8H4JvcfnlBpHst7M0nQj+hQ8pAzaqz02IuoGQVh5k771Zpbd2cgy8QrSA0KNPvVr94gZmmE0jBBte56bmL8jCrDmcBppZdqTCgb0yF2LZU0Qu1ns8RTcmKVAQljZZ80ZKb+3shopPUkCuxknlAvern4n9dNTXjlZ1wmqUHJ5h+FqSAmJvn5ZMAVMiMmllCmuM1K2IgqyowtqWJL8BZPXibts7p3UffuzmuN66KOMhzBMZyCB5fQgFtoQgsYSHiGV3hztPPivDsf89GSU+wcwh84nz+RyZDa</latexit>

0

Eigenvalues

Linearization Stability - Case 2
<latexit sha1_base64="jQ/hhWDv2iQ69SmIh3gluR/Xsvw=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFclUkVdSMU3bisYB/QDkMmTdvQJDMkGWEY6q+4caGIWz/EnX9jOp2Fth7I5XDOvdybE8acaeN5387K6tr6xmZpq7y9s7u37x4ctnWUKEJbJOKR6oZYU84kbRlmOO3GimIRctoJJ7czv/NIlWaRfDBpTH2BR5INGcHGSoFbEQGC11AE9bye2YoCt+rVvBxwmaCCVEGBZuB+9QcRSQSVhnCsdQ95sfEzrAwjnE7L/UTTGJMJHtGepRILqv0sP34KT6wygMNI2ScNzNXfExkWWqcitJ0Cm7Fe9Gbif14vMcMrP2MyTgyVZL5omHBoIjhLAg6YosTw1BJMFLO3QjLGChNj8yrbENDil5dJu15DFzV0f15t3BRxlMAROAanAIFL0AB3oAlagIAUPINX8OY8OS/Ou/Mxb11xipkK+APn8wd29ZIR</latexit>

m1 = m2 = m3 = 1

<latexit sha1_base64="yKYd9zaRmKRuhoRLv7LoARQjRjw=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlYQrZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fAM+tZoG</latexit>

@f

@x
=

… other states/forces = 0

<latexit sha1_base64="PlzjjPaEBe2VaJNG7mrBqLB4QD4=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBhZSkiLoRim5cVrAPaEOYTKbt0MkkzEyUEvspblwo4tYvceffOG2z0NYDA4dzzuXeOUHCmdKO820VVlbX1jeKm6Wt7Z3dPbu831JxKgltkpjHshNgRTkTtKmZ5rSTSIqjgNN2MLqZ+u0HKhWLxb0eJ9SL8ECwPiNYG8m3yz1uwiH2M/e0NkFXyPHtilN1ZkDLxM1JBXI0fPurF8YkjajQhGOluq6TaC/DUjPC6aTUSxVNMBnhAe0aKnBElZfNTp+gY6OEqB9L84RGM/X3RIYjpcZRYJIR1kO16E3F/7xuqvuXXsZEkmoqyHxRP+VIx2jaAwqZpETzsSGYSGZuRWSIJSbatFUyJbiLX14mrVrVPa+6d2eV+nVeRxEO4QhOwIULqMMtNKAJBB7hGV7hzXqyXqx362MeLVj5zAH8gfX5Azhokqs=</latexit>

�1,2 = 0

Comments
Since there is no damping the system is only marginally stable

(real parts of evals = 0) and will oscillate forever. 
Since the pendulums are longer, the oscillation rate is slower  
(the imaginary parts of eigenvalues are smaller)

<latexit sha1_base64="wrBwgrlJ9qM+5iFIGHxMdzjomOc=">AAACAHicbZC7SgNBFIZn4y3G26qFhc1gEKzCbhC1EYI2lhHMBZJlmZ2cTYbMXpg5K4SQxlexsVDE1sew822cJFto4g8DH/85hzPnD1IpNDrOt1VYWV1b3yhulra2d3b37P2Dpk4yxaHBE5modsA0SBFDAwVKaKcKWBRIaAXD22m99QhKiyR+wFEKXsT6sQgFZ2gs3z7q4gCQ+S69pjlWDTq+XXYqzkx0GdwcyiRX3be/ur2EZxHEyCXTuuM6KXpjplBwCZNSN9OQMj5kfegYjFkE2hvPDpjQU+P0aJgo82KkM/f3xJhFWo+iwHRGDAd6sTY1/6t1MgyvvLGI0wwh5vNFYSYpJnSaBu0JBRzlyADjSpi/Uj5ginE0mZVMCO7iycvQrFbci4p7f16u3eRxFMkxOSFnxCWXpEbuSJ00CCcT8kxeyZv1ZL1Y79bHvLVg5TOH5I+szx8TqJTG</latexit>

✓1 = ✓2 = 0
<latexit sha1_base64="QWQ5fXMml3kxVPzr8Dh/GAg0v18=">AAAB/nicbZDLSsNAFIZP6q3WW1RcuRksgquSFFE3QtGNywr2Am0Ik+mkHTqZhJmJUELBV3HjQhG3Poc738ZpmoW2/jDw8Z9zOGf+IOFMacf5tkorq2vrG+XNytb2zu6evX/QVnEqCW2RmMeyG2BFORO0pZnmtJtIiqOA004wvp3VO49UKhaLBz1JqBfhoWAhI1gby7eP+pRz30XXKIe6AddxfLvq1JxcaBncAqpQqOnbX/1BTNKICk04VqrnOon2Miw1I5xOK/1U0QSTMR7SnkGBI6q8LD9/ik6NM0BhLM0TGuXu74kMR0pNosB0RliP1GJtZv5X66U6vPIyJpJUU0Hmi8KUIx2jWRZowCQlmk8MYCKZuRWREZaYaJNYxYTgLn55Gdr1mntRc+/Pq42bIo4yHMMJnIELl9CAO2hCCwhk8Ayv8GY9WS/Wu/Uxby1Zxcwh/JH1+QO1MJNh</latexit>

`1 = `2 = 100

<latexit sha1_base64="o2EmzrvrpDBO9l+w3TdrFAzmOQ8=">AAACTXicbZFLSwMxEMez9dG6vlY9egkWxYtlt4h6LHrxWME+oFtKNjttg9nskmTFsvQLehG8+S28eFBETB+U2joQ8uc3M8nknyDhTGnXfbNyK6tr6/nChr25tb2z6+zt11WcSgo1GvNYNgOigDMBNc00h2YigUQBh0bwcDPKNx5BKhaLez1IoB2RnmBdRok2qOOEfgA9JrIgIlqyp6Ht4hM8Wt549/0ZmEADztxSeY5NihaQ7YMIZ4d2nKJbcseBl4U3FUU0jWrHefXDmKYRCE05UarluYluZ0RqRjkMbT9VkBD6QHrQMlKQCFQ7G7sxxMeGhLgbS7OExmM635GRSKlBFJhKM19fLeZG8L9cK9Xdq3bGRJJqEHRyUTflWMd4ZC0OmQSq+cAIQiUzs2LaJ5JQbT7ANiZ4i09eFvVyybsoeXfnxcr11I4COkRH6BR56BJV0C2qohqi6Bm9o0/0Zb1YH9a39TMpzVnTngP0J3L5XygYpv0=</latexit>2

664

0 0 1 0
0 0 0 1

�0.2 0 0 0
0.2 0 0 0

3

775

<latexit sha1_base64="pswn7uNsioB/o8uCJ5n0MBh2Yxo=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4kJLUYN0IRTcuK9gHNCFMJpN26GQSZiZCCQU3/oobF4q49Sfc+TdO2yy09cDA4ZxzuXNPkDIqlWV9G0vLK6tr66WN8ubW9s6uubfflkkmMGnhhCWiGyBJGOWkpahipJsKguKAkU4wvJn4nQciJE34vRqlxItRn9OIYqS05JuHLtPhEPn5+ZkzvoJuGkOr6jj1GvXNilW1poCLxC5IBRRo+uaXGyY4iwlXmCEpe7aVKi9HQlHMyLjsZpKkCA9Rn/Q05Sgm0sunN4zhiVZCGCVCP67gVP09kaNYylEc6GSM1EDOexPxP6+XqejSyylPM0U4ni2KMgZVAieFwJAKghUbaYKwoPqvEA+QQFjp2sq6BHv+5EXSrlXti6p951Qa10UdJXAEjsEpsEEdNMAtaIIWwOARPINX8GY8GS/Gu/Exiy4ZxcwB+APj8wfGZZWq</latexit>

�3,4 = ±0.4472i



Example: Double Pendulum Free Body Diagrams

<latexit sha1_base64="CXyspah+qlUUfPhmhiNSUkgAc9A=">AAACDHicbVDLSsNAFJ34rPVVdelmsAh1UxIRdSMU3bisYB/QhDKZTNuhM5mQuZGWkA9w46+4caGIWz/AnX/jtM1CWw8MHM499869x48E12Db39bS8srq2npho7i5tb2zW9rbb2qVxJQ1qBIqbvtEM8FD1gAOgrWjmBHpC9byhzeTeuuBxZqr8B7GEfMk6Ye8xykBI3VLZVcnErvARpBWesoM1SdZd4SvsFGDQEE6yozLrtpT4EXi5KSMctS7pS83UDSRLAQqiNYdx47AS0kMnAqWFd1Es4jQIemzjqEhkUx76fSYDB8bJcBmFfNCwFP1d0dKpNZj6RunJDDQ87WJ+F+tk0Dv0kt5GCXAQjr7qJcIDApPksEBjxkFMTaE0JibXTEdkJhQMPkVTQjO/MmLpHladc6rzt1ZuXadx1FAh+gIVZCDLlAN3aI6aiCKHtEzekVv1pP1Yr1bHzPrkpX3HKA/sD5/AEsPmyQ=</latexit>X
(forces)x = mẍ

<latexit sha1_base64="mjn7nTRDDhm42JZLxZ9V48LiSNk=">AAACDHicbVDLSsNAFJ3UV62vqks3g0Wom5KIqBuh6MZlBfuAJpTJZNIOnUxC5kYMIR/gxl9x40IRt36AO//GaZuFth4YOJx77p17jxsJrsA0v43S0vLK6lp5vbKxubW9U93d66gwiSlr01CEcc8ligkuWRs4CNaLYkYCV7CuO76e1Lv3LFY8lHeQRswJyFByn1MCWhpUa7ZKAmwDe4Cs7od6qDrOBym+xFr1vBCyNNcus2FOgReJVZAaKtAaVL9sL6RJwCRQQZTqW2YETkZi4FSwvGInikWEjsmQ9TWVJGDKyabH5PhIKx7Wq+gnAU/V3x0ZCZRKA1c7AwIjNV+biP/V+gn4F07GZZQAk3T2kZ8IDCGeJIM9HjMKItWE0JjrXTEdkZhQ0PlVdAjW/MmLpHPSsM4a1u1prXlVxFFGB+gQ1ZGFzlET3aAWaiOKHtEzekVvxpPxYrwbHzNrySh69tEfGJ8/TiWbJg==</latexit>X
(forces)y = mÿ

<latexit sha1_base64="zrA/+AvbFpMRjyQFA4ThWGGqOIs=">AAACEHicbVDLSgNBEJz1GeMr6tHLYBC9GHYXUS9CUBCPEcwDkrDMzk6SITM7y0yvEJZ8ghd/xYsHRbx69ObfOHkcNLGgoajqprsrTAQ34LrfzsLi0vLKam4tv76xubVd2NmtGZVqyqpUCaUbITFM8JhVgYNgjUQzIkPB6mH/euTXH5g2XMX3MEhYW5JuzDucErBSUDi6CXzcosrgFvQYkMA/kYHfxZdYjowoUpANhoEfFIpuyR0DzxNvSopoikpQ+GpFiqaSxUAFMabpuQm0M6KBU8GG+VZqWEJon3RZ09KYSGba2fihIT60SoQ7StuKAY/V3xMZkcYMZGg7JYGemfVG4n9eM4XORTvjcZICi+lkUScVGBQepYMjrhkFMbCEUM3trZj2iCYUbIZ5G4I3+/I8qfkl76zk3Z0Wy1fTOHJoHx2gY+Shc1RGt6iCqoiiR/SMXtGb8+S8OO/Ox6R1wZnO7KE/cD5/ALmtmyg=</latexit>

F2 cos ✓2 �m2g = m2ÿ2
<latexit sha1_base64="Haqd5X7tbdGa7OCN1du1HT6Ubuc=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ3lpki6kYoCuKygn1AW0omk7ahSWZI7ohl6Ae48VfcuFDErR/gzr8x085CWw8ETs45l+QePxLcgOt+OwuLS8srq7m1/PrG5tZ2YWe3bsJYU1ajoQh10yeGCa5YDTgI1ow0I9IXrOEPr1K/cc+04aG6g1HEOpL0Fe9xSsBK3ULx+Lpbxm3DFW7DgAGxtwssUy0IQkgext2yTbkldwI8T7yMFFGGarfw1Q5CGkumgApiTMtzI+gkRAOngo3z7diwiNAh6bOWpYpIZjrJZJkxPrRKgHuhtkcBnqi/JxIijRlJ3yYlgYGZ9VLxP68VQ++8k3AVxcAUnT7UiwWGEKfN4IBrRkGMLCFUc/tXTAdEEwq2v7wtwZtdeZ7UyyXvtOTdnhQrl1kdObSPDtAR8tAZqqAbVEU1RNEjekav6M15cl6cd+djGl1wspk99AfO5w/Zo5mf</latexit>

�F2 sin ✓2 = m2ẍ2

<latexit sha1_base64="BsmJER8hK0woJRQKOscjhe8JS9U=">AAACIHicbVDLSgMxFM34rPU16tJNsAiCWGaKWDdCUSguK9gHtGXIZNI2NJMZkjtiGfopbvwVNy4U0Z1+jeljYVsPBE7OOZfkHj8WXIPjfFtLyyura+uZjezm1vbOrr23X9NRoiir0khEquETzQSXrAocBGvEipHQF6zu929Gfv2BKc0jeQ+DmLVD0pW8wykBI3l28azsubilucQt6DEg5naKy15hRivgKxyOckEQQfo49FzPzjl5Zwy8SNwpyaEpKp791QoimoRMAhVE66brxNBOiQJOBRtmW4lmMaF90mVNQyUJmW6n4wWH+NgoAe5EyhwJeKz+nUhJqPUg9E0yJNDT895I/M9rJtC5bKdcxgkwSScPdRKBIcKjtnDAFaMgBoYQqrj5K6Y9oggF02nWlODOr7xIaoW8e5F3785zpetpHRl0iI7QCXJREZXQLaqgKqLoCb2gN/RuPVuv1of1OYkuWdOZAzQD6+cXKvagjg==</latexit>

�F1 sin ✓1 + F2 sin ✓2 = m1ẍ1

<latexit sha1_base64="IU3rOlXg+DPTbGWdLmcolf/mCRg=">AAACH3icbVDNSgMxGMzWv1r/qh69BIvgxbJbpHoRikLxWMHaQluWbDZtQ7ObJflWWJa+iRdfxYsHRcRb38a03YNtHQhMZuYj+caLBNdg2xMrt7a+sbmV3y7s7O7tHxQPj560jBVlTSqFVG2PaCZ4yJrAQbB2pBgJPMFa3uhu6reemdJcho+QRKwXkEHI+5wSMJJbrNZdB3ep1LgLQwbE3C5w3a0saBV8g4NpzvclpMnYddxiyS7bM+BV4mSkhDI03OJP15c0DlgIVBCtO44dQS8lCjgVbFzoxppFhI7IgHUMDUnAdC+d7TfGZ0bxcV8qc0LAM/XvREoCrZPAM8mAwFAve1PxP68TQ/+6l/IwioGFdP5QPxYYJJ6WhX2uGAWRGEKo4uavmA6JIhRMpQVTgrO88ip5qpSdatl5uCzVbrM68ugEnaJz5KArVEP3qIGaiKIX9IY+0Kf1ar1bX9b3PJqzspljtABr8gur2aBQ</latexit>

F1 cos ✓1 � F2 cos ✓2 = m1ÿ1

<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3
<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1
<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2

<latexit sha1_base64="Xh4Xc41jus8oyAFvcAsLe257fk4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDv1W09MG67kgx0nLIjJQPKIU2Kd1Byga4T9XrniV/0Z0DLBOalAjnqv/NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ+jEKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gkgsBL768TJpnVXxRxffnldpNHkcRjuAYTgHDJdTgDurQAAqP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwDbNo4B</latexit>

g = 10

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="l5q9WZht3sUz+jWYFI33L+hwNxs=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD7Jf65crXtWbA68SPycVyNHol796g5imkilLBTGm63uJDTKiLaeCTUu91LCE0DEZsq6jikhmgmx+6hSfOWWAo1i7UhbP1d8TGZHGTGToOiWxI7PszcT/vG5qo+sg4ypJLVN0sShKBbYxnv2NB1wzasXEEUI1d7diOiKaUOvSKbkQ/OWXV0mrVvUvq/79RaV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwD+W42c</latexit>m2

<latexit sha1_base64="XJnqmgh0ZkRIDqhReO6BqJpaHgI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRQSG6QbdU9iv+DGSZBDkpQ45at/TV6SmWJSgtE9SYduCnNhxTbTkTOCl2MoMpZUPax7ajkiZowvHs2gk5dUqPxEq7kpbM1N8TY5oYM0oi15lQOzCL3lT8z2tnNr4Ox1ymmUXJ5oviTBCryPR10uMamRUjRyjT3N1K2IBqyqwLqOhCCBZfXiaN80pwWQnuL8rVmzyOAhzDCZxBAFdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDNxSO5Q==</latexit>

`1

<latexit sha1_base64="84YYcP6z7eX/ASnqT1z/sHNFRsU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2k3btZhN2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6qEQ/Vq/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfu2UnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2OhlwhcyIiSWUKW5vJWxEFWXGBlSyIXjLL6+SVq3qXVa9+4tK/SaPowgncArn4MEV1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+ADiYjuY=</latexit>

`2
<latexit sha1_base64="jPKnWjh79y6GY27yQg2IGxpzCig=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGm/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjCQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QPQ44/T</latexit>

✓2

<latexit sha1_base64="HyLAePdg1n0g4TanfCNBWWXds+s=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrOt3yxWv6s3gLhM/JxXIUe+Wvzq9hGcxKuKSGdP2vZSCMdMkuMRJqZMZTBkfsj62LVUsRhOMZ/dO3BOr9Nwo0bYUuTP198SYxcaM4tB2xowGZtGbiv957Yyiq2AsVJoRKj5fFGXSpcSdPu/2hEZOcmQJ41rYW10+YJpxshGVbAj+4svLpHlW9S+q/t15pXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP89fj9I=</latexit>

✓1
<latexit sha1_base64="Xh4Xc41jus8oyAFvcAsLe257fk4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDv1W09MG67kgx0nLIjJQPKIU2Kd1Byga4T9XrniV/0Z0DLBOalAjnqv/NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ+jEKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gkgsBL768TJpnVXxRxffnldpNHkcRjuAYTgHDJdTgDurQAAqP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwDbNo4B</latexit>

g = 10

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="XJnqmgh0ZkRIDqhReO6BqJpaHgI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRQSG6QbdU9iv+DGSZBDkpQ45at/TV6SmWJSgtE9SYduCnNhxTbTkTOCl2MoMpZUPax7ajkiZowvHs2gk5dUqPxEq7kpbM1N8TY5oYM0oi15lQOzCL3lT8z2tnNr4Ox1ymmUXJ5oviTBCryPR10uMamRUjRyjT3N1K2IBqyqwLqOhCCBZfXiaN80pwWQnuL8rVmzyOAhzDCZxBAFdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDNxSO5Q==</latexit>

`1
<latexit sha1_base64="HyLAePdg1n0g4TanfCNBWWXds+s=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrOt3yxWv6s3gLhM/JxXIUe+Wvzq9hGcxKuKSGdP2vZSCMdMkuMRJqZMZTBkfsj62LVUsRhOMZ/dO3BOr9Nwo0bYUuTP198SYxcaM4tB2xowGZtGbiv957Yyiq2AsVJoRKj5fFGXSpcSdPu/2hEZOcmQJ41rYW10+YJpxshGVbAj+4svLpHlW9S+q/t15pXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP89fj9I=</latexit>

✓1
<latexit sha1_base64="l5q9WZht3sUz+jWYFI33L+hwNxs=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD7Jf65crXtWbA68SPycVyNHol796g5imkilLBTGm63uJDTKiLaeCTUu91LCE0DEZsq6jikhmgmx+6hSfOWWAo1i7UhbP1d8TGZHGTGToOiWxI7PszcT/vG5qo+sg4ypJLVN0sShKBbYxnv2NB1wzasXEEUI1d7diOiKaUOvSKbkQ/OWXV0mrVvUvq/79RaV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwD+W42c</latexit>m2

<latexit sha1_base64="84YYcP6z7eX/ASnqT1z/sHNFRsU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2k3btZhN2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6qEQ/Vq/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfu2UnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2OhlwhcyIiSWUKW5vJWxEFWXGBlSyIXjLL6+SVq3qXVa9+4tK/SaPowgncArn4MEV1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+ADiYjuY=</latexit>

`2
<latexit sha1_base64="jPKnWjh79y6GY27yQg2IGxpzCig=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGm/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjCQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QPQ44/T</latexit>

✓2

<latexit sha1_base64="jPKnWjh79y6GY27yQg2IGxpzCig=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGm/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjCQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QPQ44/T</latexit>

✓2

<latexit sha1_base64="Pq8Y5lpI1WrAkKy2RY8QNCh0YLU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPBbY10</latexit>

F1

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="zCz39/UIPWSCc2GsZX4DvhemZTw=">AAAB7HicbVBNSwMxEJ34WetX1aOXYBE8ld0i6rHoxWMFty20S8mm2TY0yS5JVihLf4MXD4p49Qd589+YtnvQ1gcDj/dmmJkXpYIb63nfaG19Y3Nru7RT3t3bPzisHB23TJJpygKaiER3ImKY4IoFllvBOqlmREaCtaPx3cxvPzFteKIe7SRloSRDxWNOiXVSIPt1POxXql7NmwOvEr8gVSjQ7Fe+eoOEZpIpSwUxput7qQ1zoi2ngk3LvcywlNAxGbKuo4pIZsJ8fuwUnztlgONEu1IWz9XfEzmRxkxk5DolsSOz7M3E/7xuZuObMOcqzSxTdLEozgS2CZ59jgdcM2rFxBFCNXe3YjoimlDr8im7EPzll1dJq17zr2r+w2W1cVvEUYJTOIML8OEaGnAPTQiAAodneIU3pNALekcfi9Y1VMycwB+gzx8XA443</latexit>m2g<latexit sha1_base64="FtLDB/g5KAYxuXJvSv+yL1+Zzd0=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V3LbQLiWbZtvQJLskWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUMkmmKQtoIhLdiYhhgisWWG4F66SaERkJ1o7GdzO//cS04Yl6tJOUhZIMFY85JdZJgexjNOxXa37dnwOtElyQGhRo9qtfvUFCM8mUpYIY08V+asOcaMupYNNKLzMsJXRMhqzrqCKSmTCfHztFZ04ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fgmzLlKM8sUXSyKM4FsgmafowHXjFoxcYRQzd2tiI6IJtS6fCouBLz88ippXdTxVR0/XNYat0UcZTiBUzgHDNfQgHtoQgAUODzDK7x5ynvx3r2PRWvJK2aO4Q+8zx8VfY42</latexit>m1g

<latexit sha1_base64="I7WLphtYaFSfmfi8WpFuaYy9pfo=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4MaSEVE3QtGNywr2AW0Ik8mkHTqThJmJUEI2/oobF4q49TPc+TdO2iy09cDlHs65l5l7/IQzpR3n26osLa+srlXXaxubW9s79u5eR8WpJLRNYh7Lno8V5Syibc00p71EUix8Trv++Lbwu49UKhZHD3qSUFfgYcRCRrA2kmcfnAoPwSG8hkUfBEGss0nuIc+uOw1nCrhIUEnqoETLs78GQUxSQSNNOFaqj5xEuxmWmhFO89ogVTTBZIyHtG9ohAVVbjY9IIfHRglgGEtTkYZT9fdGhoVSE+GbSYH1SM17hfif1091eOVmLEpSTSMyeyhMOdQxLNKAAZOUaD4xBBPJzF8hGWGJiTaZ1UwIaP7kRdI5a6CLBro/rzdvyjiq4BAcgROAwCVogjvQAm1AQA6ewSt4s56sF+vd+piNVqxyZx/8gfX5AztXlOo=</latexit>�m1g = m1ÿ1

Pendulum 1

Kinematics

<latexit sha1_base64="b91MtPjv3k5SMwf3uxdltwMmwC0=">AAACA3icbZA9SwNBEIb3/IzxK2qnzWIQrMKdiNoIQRvLCOYDcuHY20ySJXt7x+6cGELAxr9iY6GIrX/Czn/jJrlCE19YeHhnhtl5w0QKg6777SwsLi2vrObW8usbm1vbhZ3dmolTzaHKYxnrRsgMSKGgigIlNBINLAol1MP+9bhevwdtRKzucJBAK2JdJTqCM7RWUNh/CDx6SX2Q0oJvhKI+9gBZ4AWFoltyJ6Lz4GVQJJkqQeHLb8c8jUAhl8yYpucm2BoyjYJLGOX91EDCeJ91oWlRsQhMazi5YUSPrNOmnVjbp5BO3N8TQxYZM4hC2xkx7JnZ2tj8r9ZMsXPRGgqVpAiKTxd1UkkxpuNAaFto4CgHFhjXwv6V8h7TjKONLW9D8GZPnofaSck7K3m3p8XyVRZHjhyQQ3JMPHJOyuSGVEiVcPJInskreXOenBfn3fmYti442cwe+SPn8wey3ZZL</latexit>

x1 = `1 sin ✓1
<latexit sha1_base64="33x7SWt1T0746KjqvMuDOO4nOu8=">AAACF3icbZDLSgMxFIYz9VbrbdSlm2ARXJUZEXUjFN24rGAv0BmGTHrahmYuJGfEMvQt3Pgqblwo4lZ3vo3pZaGtPwR+vnNOkvOHqRQaHefbKiwtr6yuFddLG5tb2zv27l5DJ5niUOeJTFQrZBqkiKGOAiW0UgUsCiU0w8H1uN68B6VFEt/hMAU/Yr1YdAVnaFBgV7xOgvnDKHDpJZ14D/uAzAAPpDTY44mmUxi4gV12Ks5EdNG4M1MmM9UC+8tcyrMIYuSSad12nRT9nCkUXMKo5GUaUsYHrAdtY2MWgfbzyV4jemRIh3YTZU6MdEJ/T+Qs0noYhaYzYtjX87Ux/K/WzrB74eciTjOEmE8f6maSYkLHIdGOUMBRDo1hXAnzV8r7TDGOJsqSCcGdX3nRNE4q7lnFvT0tV69mcRTJATkkx8Ql56RKbkiN1Aknj+SZvJI368l6sd6tj2lrwZrN7JM/sj5/ACQHn0Y=</latexit>

ẋ1 = ✓̇1`1 cos ✓1
<latexit sha1_base64="b5QqzMnHoZlItMhUDmrlZShv2V4="></latexit>

ẍ1 = ✓̈1`1 cos ✓1 � ✓̇21`1 sin ✓1

<latexit sha1_base64="QdJfu+QQmc/TByfZvRaz27bmZZI=">AAACBHicbZC7SgNBFIZnvcZ4i1qmGQyCjWFXRG2EoI1lBHOB7LLMTs4mQ2YvzJwVwpLCxlexsVDE1oew822cXApN/GHg4z/ncOb8QSqFRtv+tpaWV1bX1gsbxc2t7Z3d0t5+UyeZ4tDgiUxUO2AapIihgQIltFMFLAoktILBzbjeegClRRLf4zAFL2K9WISCMzSWXyoPfYde0RMXpDTk8kRTF/uAzHf8UsWu2hPRRXBmUCEz1f3Sl9tNeBZBjFwyrTuOnaKXM4WCSxgV3UxDyviA9aBjMGYRaC+fHDGiR8bp0jBR5sVIJ+7viZxFWg+jwHRGDPt6vjY2/6t1MgwvvVzEaYYQ8+miMJMUEzpOhHaFAo5yaIBxJcxfKe8zxTia3IomBGf+5EVonlad86pzd1apXc/iKJAyOSTHxCEXpEZuSZ00CCeP5Jm8kjfryXqx3q2PaeuSNZs5IH9kff4AGyGWfg==</latexit>

y1 = �`1 cos ✓1
<latexit sha1_base64="JgMlWX7JClb1aCavr+kLpNHPkUI=">AAACF3icbZDLSgMxFIYzXmu9VV26CRbBVZkRUTdC0Y3LCvYCnTJk0tM2NJMZkjNCGfoWbnwVNy4Ucas738Z02oW2/hD4+c45Sc4fJlIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e03TJxqDnUey1i3QmZACgV1FCihlWhgUSihGQ5vJvXmA2gjYnWPowQ6Eesr0ROcoUVBqeJ3Y8xG48CjVzT3Pg4AmQU+SGmxb4SiUxh4QansVtxcdNF4M1MmM9WC0pe9lKcRKOSSGdP23AQ7GdMouIRx0U8NJIwPWR/a1ioWgelk+V5jemxJl/ZibY9CmtPfExmLjBlFoe2MGA7MfG0C/6u1U+xddjKhkhRB8elDvVRSjOkkJNoVGjjKkTWMa2H/SvmAacbRRlm0IXjzKy+axmnFO694d2fl6vUsjgI5JEfkhHjkglTJLamROuHkkTyTV/LmPDkvzrvzMW1dcmYzB+SPnM8fLY6fTA==</latexit>

ẏ1 = ✓̇1`1 sin ✓1
<latexit sha1_base64="Yf7pQoQOjenUzZvouCg367tWgKU="></latexit>

ÿ1 = ✓̈1`1 sin ✓1 + ✓̇21`1 cos ✓1

Pendulum 2

<latexit sha1_base64="K9fvqbgybxdrllPV5ZrwetBejtQ="></latexit>

ẋ2 = ẋ1 + ✓̇2`2 cos ✓2 = ✓̇1`1 cos ✓1 + ✓̇2`2 cos ✓2
<latexit sha1_base64="H3YF/5a2a132c8cgK1UAoHTkvnQ="></latexit>

ẍ2 = ẍ1 + ✓̈2`2 cos ✓2 � ✓̇22`2 sin ✓2 = ✓̈1`1 cos ✓1 � ✓̇21`1 sin ✓1 + ✓̈2`2 cos ✓2 � ✓̇22`2 sin ✓2

<latexit sha1_base64="4nkBlwGS7tGivGNQDhdYS75n8wo=">AAACNXicdZDLSgMxFIYzXmu9jbp0EyyCIJQZEXUjFN24cFHBqtApQyY9tcFMZkjOSEvpS7nxPVzpwoUibn0F0+ksvB4I/Pn+c0jOH6VSGPS8J2dicmp6ZrY0V55fWFxadldWL0ySaQ4NnshEX0XMgBQKGihQwlWqgcWRhMvo5njkX96CNiJR59hPoRWzayU6gjO0KHRPe+EOPaS90KfbNAAp7TUwQgXYBWS5l1M/p7TA/zSHbsWrennR38IvRIUUVQ/dh6Cd8CwGhVwyY5q+l2JrwDQKLmFYDjIDKeM37BqaVioWg2kN8q2HdNOSNu0k2h6FNKdfJwYsNqYfR7YzZtg1P70R/MtrZtg5aA2ESjMExccPdTJJMaGjCGlbaOAo+1YwroX9K+VdphlHG3TZhuD/XPm3uNip+ntV/2y3Ujsq4iiRdbJBtohP9kmNnJA6aRBO7sgjeSGvzr3z7Lw57+PWCaeYWSPfyvn4BMMFqIE=</latexit>

x2 = x1 + `2 sin ✓2 = `1 sin ✓1 + `2 sin ✓2
<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="MI4iaa9t3elN9cdAdp9GIeCMAnU=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoxmUF+5B2KJk004YmM0NyRyxDv8KNC0Xc+jnu/BvTdhbaeiBwOOcecu8JEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FBFvoEDJ24nmVAWSt4LRzdRvPXJtRBzd4zjhvqKDSISCUbTSQ7cfY/Y06VV7pbJbcWcgy8TLSRly1HulL5tlqeIRMkmN6Xhugn5GNQom+aTYTQ1PKBvRAe9YGlHFjZ/NFp6QU6v0SRhr+yIkM/V3IqPKmLEK7KSiODSL3lT8z+ukGF75mYiSFHnE5h+FqSQYk+n1pC80ZyjHllCmhd2VsCHVlKHtqGhL8BZPXibNasW7qHh35+XadV5HAY7hBM7Ag0uowS3UoQEMFDzDK7w52nlx3p2P+eiKk2eO4A+czx/tupB+</latexit>

ẋ2
<latexit sha1_base64="3U6RacfBcHiqY8SKzRIiMyV21z0=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE8laSIeix68VjBfmBbymazaZdudsPuRCyh/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLEsENet63s7K6tr6xWdgqbu/s7u2XDg6bRqWasgZVQul2QAwTXLIGchSsnWhG4kCwVjC6mfqtR6YNV/IexwnrxWQgecQpQSs9dMNQYfY06Vf7pbJX8WZwl4mfkzLkqPdLX91Q0TRmEqkgxnR8L8FeRjRyKtik2E0NSwgdkQHrWCpJzEwvm108cU+tErqR0rYkujP190RGYmPGcWA7Y4JDs+hNxf+8TorRVS/jMkmRSTpfFKXCReVO33dDrhlFMbaEUM3trS4dEk0o2pCKNgR/8eVl0qxW/IuKf3derl3ncRTgGE7gDHy4hBrcQh0aQEHCM7zCm2OcF+fd+Zi3rjj5zBH8gfP5A63JkOw=</latexit>

ẍ2

<latexit sha1_base64="rD/K3R7nRe/VP/0rUdW1BEbPSTk=">AAACOnicdVDLSgMxFM34dnxVXboJFsGNZVJE3RRENy4tWC10ypBJb9vQzIPkjjAUv8uNX+HOhRsXirj1A0zbWajVA4GTc84luSdMlTToeU/OzOzc/MLi0rK7srq2vlHa3Lo2SaYFNESiEt0MuQElY2igRAXNVAOPQgU34eB85N/cgjYyia8wT6Ed8V4su1JwtFJQqudBldZoHjB6QH1Qyl59kRjqYx+QB1W35hYG+2Ew9598UCp7FW8MOk1YQcqkwGVQevQ7icgiiFEobkyLeSm2h1yjFAruXD8zkHIx4D1oWRrzCEx7OF79ju5ZpUO7ibYnRjpWv08MeWRMHoU2GXHsm9/eSPzLa2XYPWkPZZxmCLGYPNTNFMWEjnqkHalBoMot4UJL+1cq+lxzgbbtUQns98rT5LpaYUcVVj8sn54VdSyRHbJL9gkjx+SUXJBL0iCC3JNn8krenAfnxXl3PibRGaeY2SY/4Hx+AUdyqP8=</latexit>

y2 = y1 � `2 cos ✓2 = �`1 cos ✓1 � `2 cos ✓2
<latexit sha1_base64="knRqiNCn2fbum80My9XMGaByInI="></latexit>

ẏ2 = ẏ1 + ✓̇2`2 sin ✓2 = ✓̇1`1 sin ✓1 + ✓̇2`2 sin ✓2
<latexit sha1_base64="g8tzsyrqe4wHK+3OhSehoY3nqlE="></latexit>

ÿ2 = ÿ1 + ✓̈2`2 sin ✓2 + ✓̇22`2 cos ✓2 = ✓̈1`1 sin ✓1 + ✓̇21`1 cos ✓1 + ✓̈2`2 sin ✓2 + ✓̇22`2 cos ✓2

<latexit sha1_base64="eYAgKqSiYd8jVtwyJdBmRglvFEY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2m3bpZhN2J0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xCzhfkSHSoSCUbTSQ9av9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/QnVKJjk01IvNTyhbEyHvGupohE3/mR+6pScWWVAwljbUkjm6u+JCY2MyaLAdkYUR2bZm4n/ed0Uw2t/IlSSIldssShMJcGYzP4mA6E5Q5lZQpkW9lbCRlRThjadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEQso2o</latexit>y2
<latexit sha1_base64="gGiPFGcKp6/1/QH9DHgsTY188rE=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ie0Q8mkmTY0mRmSO0IZ+hVuXCji1s9x59+YtrPQ1gOBwzn3kHtPkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUkS8iQIl7ySaUxVI3g7GtzO//cS1EXH0gJOE+4oOIxEKRtFKj71BjNlk2q/1yxW36s5BVomXkwrkaPTLXzbLUsUjZJIa0/XcBP2MahRM8mmplxqeUDamQ961NKKKGz+bLzwlZ1YZkDDW9kVI5urvREaVMRMV2ElFcWSWvZn4n9dNMbz2MxElKfKILT4KU0kwJrPryUBozlBOLKFMC7srYSOqKUPbUcmW4C2fvEpatap3WfXuLyr1m7yOIpzAKZyDB1dQhztoQBMYKHiGV3hztPPivDsfi9GCk2eO4Q+czx/vQZB/</latexit>

ẏ2
<latexit sha1_base64="iBRSr7ZMpp7ofNgrR23/ViT4uIA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae2oWw2m3bpZjfsboQQ+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbmd+94kqzaR4MFlC/RiPBIsYwcZKj4MwlCbPpsPGsFpz6+4caJV4BalBgdaw+jUIJUljKgzhWOu+5ybGz7EyjHA6rQxSTRNMJnhE+5YKHFPt5/OLp+jMKiGKpLIlDJqrvydyHGudxYHtjLEZ62VvJv7n9VMTXfs5E0lqqCCLRVHKkZFo9j4KmaLE8MwSTBSztyIyxgoTY0Oq2BC85ZdXSadR9y7r3v1FrXlTxFGGEziFc/DgCppwBy1oAwEBz/AKb452Xpx352PRWnKKmWP4A+fzB69QkO0=</latexit>

ÿ2

Dynamics:

Pendulum 1:

Pendulum 2:

<latexit sha1_base64="yEkC3nyhk0+WR/Wc5H6P6wWQ4gE="></latexit>

@M

@✓1
=


0 m2`2`1 sin(✓2 � ✓1)

m2`2`1 sin(✓2 � ✓1) 0

�

<latexit sha1_base64="iqNAS1RefEFOAsavs1huACxr8BA="></latexit>

@M

@✓2
=


0 �m2`2`1 sin(✓2 � ✓1)

�m2`2`1 sin(✓2 � ✓1) 0

�

<latexit sha1_base64="TfobIaLfR4KjSHDjOE14l1DPNHw="></latexit>
0 m22✓̇2`2`1 sin(✓2 � ✓1)

�m22✓̇1`1`2 sin(✓2 � ✓1) 0

�<latexit sha1_base64="I7+2BJAemJOoOmSKLxdhvBbE7aI="></latexit>

@F

@z
=


�m2✓̇22`2`1 cos(✓2 � ✓1)� (m1 +m2)`1 cos ✓1g m2✓̇22`2`1 cos(✓2 � ✓1)

m2✓̇21`1`2 cos(✓2 � ✓1) �m2✓̇21`1`2 cos(✓2 � ✓1)

�

<latexit sha1_base64="oYpzKOEU7uBM8E6EQg7MRDVsb8M="></latexit>

z =

2

664

✓1
✓2
✓̇1
✓̇2

3

775

<latexit sha1_base64="dDOEXUzGuYD/5/QqgHUtANWYeL8="></latexit>

det(M) = m2`
2
1`

2
2

�
m1 �m2 sin

2(✓2 � ✓1)
�

<latexit sha1_base64="0fBb0J7JRJX7USzc56ObzJzPuNM="></latexit>
m2`22 �m2`2`1 cos(✓2 � ✓1)

�m2`2`1 cos(✓2 � ✓1) (m1 +m2)`21

�<latexit sha1_base64="2EpLJARI9h79Wr4T8vDi7sn+srY=">AAACG3icbVDLSgMxFM34tr6qLt0Ei1AXlhkRdSOIbtwIFawKnVoy6Z02mHmQ3BFLmP9w46+4caGIK8GFf2P6AB/1QOBwzrnk3hOkUmh03U9nbHxicmp6ZrYwN7+wuFRcXrnQSaY41HgiE3UVMA1SxFBDgRKuUgUsCiRcBjfHPf/yFpQWSXyO3RQaEWvHIhScoZWaxW0/YtgJQnOaX5stL6cH1A8V48bLjY9wh6YFmJe/U5t5s1hyK24fdJR4Q1IiQ1SbxXe/lfAsghi5ZFrXPTfFhmEKBZeQF/xMQ8r4DWtD3dKYRaAbpn9bTjes0qJhouyLkfbVnxOGRVp3o8Amezvqv15P/M+rZxjuN4yI0wwh5oOPwkxSTGivKNoSCjjKriWMK2F3pbzDbDVo6yzYEry/J4+Si+2Kt1vxznZKh0fDOmbIGlknZeKRPXJITkiV1Agn9+SRPJMX58F5cl6dt0F0zBnOrJJfcD6+AIUTobw=</latexit>

M�1 =
1

det(M)

Dynamics…
<latexit sha1_base64="l2Ugl02wXDnbzBSKXsioGAyh6Dw=">AAACD3icbVDLSgMxFL1TX7W+Rl26CRbFjWVGRN0IRUHcCBXsA9qxZNJMG5p5kGSEMswfuPFX3LhQxK1bd/6NmT5AWw8Ezj3nXnLvcSPOpLKsbyM3N7+wuJRfLqysrq1vmJtbNRnGgtAqCXkoGi6WlLOAVhVTnDYiQbHvclp3+5eZX3+gQrIwuFODiDo+7gbMYwQrLbXN/ZaPVc/1EpyiczQpbtL75NBOJ+VV2jaLVskaAs0Se0yKMEalbX61OiGJfRoowrGUTduKlJNgoRjhNC20YkkjTPq4S5uaBtin0kmG96RoTysd5IVCv0Chofp7IsG+lAPf1Z3ZhnLay8T/vGasvDMnYUEUKxqQ0UdezJEKURYO6jBBieIDTTARTO+KSA8LTJSOsKBDsKdPniW1o5J9UrJvj4vli3EcediBXTgAG06hDNdQgSoQeIRneIU348l4Md6Nj1FrzhjPbMMfGJ8//aucpA==</latexit>

a = M�1F
<latexit sha1_base64="vg8z73vZLD9idFyYoZ2KNthBrA4="></latexit>

(m1 +m2)`21 m2`2`1 cos(✓2 � ✓1)
m2`2`1 cos(✓2 � ✓1) m2`22

� <latexit sha1_base64="+KhRvj6q0fr2GXwQhG40spE5OW4=">AAACKXicbVDLSgMxFM34rPVVdekmWARXZaaIuiy6cVnBPqBTSiZz24ZmMkNyRyxDf8eNv+JGQVG3/ojpA9HWA4HDOfeQe0+QSGHQdT+cpeWV1bX13EZ+c2t7Z7ewt183cao51HgsY90MmAEpFNRQoIRmooFFgYRGMLga+4070EbE6haHCbQj1lOiKzhDK3UKFT+AnlBZEDHU4n5E/TCMMfOxD8hGHY/6/pxUpj6o8CfQKRTdkjsBXSTejBTJDNVO4cUPY55GoJBLZkzLcxNsZ0yj4BJGeT81kDA+YD1oWapYBKadTS4d0WOrhLQba/sU0on6O5GxyJhhFNhJu1/fzHtj8T+vlWL3op0JlaQIik8/6qaSYkzHtdFQaOAoh5YwroXdlfI+04yjLTdvS/DmT14k9XLJOyt5N6fFyuWsjhw5JEfkhHjknFTINamSGuHkgTyRV/LmPDrPzrvzOR1dcmaZA/IHztc343SoPg==</latexit>
✓̈1
✓̈2

� <latexit sha1_base64="ccMf1NPkQJVlXbCitVl9jvwZqG8="></latexit>
m2✓̇22`2`1 sin(✓2 � ✓1)� (m1 +m2)`1 sin ✓1g

�m2✓̇21`1`2 sin(✓2 � ✓1)

�
<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> ( <latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="cD4k4KNzpmj/EC8Ge0xqniELPZI=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiGzdCBfvAtpRMeqcNzWSGJCOUoX/hxoUibv0bd/6NmXYW2nogcDjnXnLu8WPBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpKFMMGi0Sk2j7VKLjEhuFGYDtWSENfYMsf32R+6wmV5pF8MJMYeyEdSh5wRo2VHrshNSM/SO+m/XLFrbozkGXi5aQCOer98ld3ELEkRGmYoFp3PDc2vZQqw5nAaambaIwpG9MhdiyVNETdS2eJp+TEKgMSRMo+achM/b2R0lDrSejbySyhXvQy8T+vk5jgqpdyGScGJZt/FCSCmIhk55MBV8iMmFhCmeI2K2EjqigztqSSLcFbPHmZNM+q3kXVuz+v1K7zOopwBMdwCh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxHC06+cwh/4Hz+AL3akPc=</latexit>

M
<latexit sha1_base64="Uj6nJ3AsEVHd4YV8iSLkuEEseJM=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EcRSEGZ32qzW37s5AlolXkBoUaParX71BzNKIK2SSGtP13AT9jGoUTPJppZcanlA2pkPetVTRiBs/myWekhOrDEgYa/sUkpn6eyOjkTGTKLCTeUKz6OXif143xfDKz4RKUuSKzT8KU0kwJvn5ZCA0ZygnllCmhc1K2IhqytCWVLEleIsnL5P2Wd27qHt357XGdVFHGY7gGE7Bg0towC00oQUMFDzDK7w5xnlx3p2P+WjJKXYO4Q+czx/cPpEL</latexit>a

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="sZ49ajG7bco8ZWSalhiKsP33yl4=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiIC4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4WV1bX1jeJmaWt7Z3evvH/Q1FGiGDZYJCLV9qlGwSU2DDcC27FCGvoCW/74JvNbT6g0j+SDmcTYC+lQ8oAzaqz02A2pGflBejvtlytu1Z2BLBMvJxXIUe+Xv7qDiCUhSsME1brjubHppVQZzgROS91EY0zZmA6xY6mkIepeOks8JSdWGZAgUvZJQ2bq742UhlpPQt9OZgn1opeJ/3mdxARXvZTLODEo2fyjIBHERCQ7nwy4QmbExBLKFLdZCRtRRZmxJZVsCd7iycukeVb1Lqre/Xmldp3XUYQjOIZT8OASanAHdWgAAwnP8ApvjnZenHfnYz5acPKdQ/gD5/MHszeQ8A==</latexit>

F

Linearization…

Linearization
<latexit sha1_base64="sSe0ShM6AhWwXoGkEu8N+HKyRhI=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBDiJeyKqBch6MVjBPOAZA2zk9lkyOyDmV4lWfIfXjwo4tV/8ebfOEn2oIkFDUVV90x3ebEUGm3721paXlldW89t5De3tnd2C3v7dR0livEai2Skmh7VXIqQ11Cg5M1YcRp4kje8wc3EbzxypUUU3uMw5m5Ae6HwBaNopId2N8J0NCZXxC+NTjqFol22pyCLxMlIETJUO4Uv8wBLAh4ik1TrlmPH6KZUoWCSj/PtRPOYsgHt8ZahIQ24dtPp1mNybJQu8SNlKkQyVX9PpDTQehh4pjOg2Nfz3kT8z2sl6F+6qQjjBHnIZh/5iSQYkUkEpCsUZyiHhlCmhNmVsD5VlKEJKm9CcOZPXiT107JzXnbuzoqV6yyOHBzCEZTAgQuowC1UoQYMFDzDK7xZT9aL9W59zFqXrGzmAP7A+vwBbTiRzw==</latexit>

ż = f(z)

<latexit sha1_base64="KJk6aJ9rfd/3nEin2NF3JYzxG1o=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlQQ7ZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fANBxZoI</latexit>

@f

@z
=

<latexit sha1_base64="KJk6aJ9rfd/3nEin2NF3JYzxG1o=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlQQ7ZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fANBxZoI</latexit>

@f

@z
=

<latexit sha1_base64="oYpzKOEU7uBM8E6EQg7MRDVsb8M="></latexit>

z =

2

664

✓1
✓2
✓̇1
✓̇2

3

775
<latexit sha1_base64="SYIXPJmFfhu4vD8FJ6Tb82h/axQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7AekoWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MOVMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WmCG0TyaXqhVhTzgRtG2Y47aWK4iTktBuOb2d+94kqzaR4MJOUBgmOBYsYwcZKnX6TxbE/qNbcujsHWiVeQWpQoDWofvWHkmQJFYZwrLXvuakJcqwMI5xOK/1M0xSTMY6pb6nACdVBPr92is6sMkSRVLaEQXP190SOE60nSWg7E2xGetmbif95fmaimyBnIs0MFWSxKMo4MhLNXkdDpigxfGIJJorZWxEZYYWJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0EZjuw=</latexit>"

<latexit sha1_base64="sPt5zFMtFZrmK4yzsY2e6HpymSQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ae0oWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZqDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbud+94kqzaR4MNOE+jGOBAsZwcZKnUGTRZE/rNbcupsDrRKvIDUo0BpWvwYjSdKYCkM41rrvuYnxM6wMI5zOKoNU0wSTCY5o31KBY6r9LL92hs6sMkKhVLaEQbn6eyLDsdbTOLCdMTZjvezNxf+8fmrCGz9jIkkNFWSxKEw5MhLNX0cjpigxfGoJJorZWxEZY4WJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0Qhju4=</latexit>#
<latexit sha1_base64="5HjW2iGl4seQsOa9B3rFZedjpLo=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2L+3SzSbsboQS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBD8H4JvcfnlBpHst7M0nQj+hQ8pAzaqz02IuoGQVh5k771Zpbd2cgy8QrSA0KNPvVr94gZmmE0jBBte56bmL8jCrDmcBppZdqTCgb0yF2LZU0Qu1ns8RTcmKVAQljZZ80ZKb+3shopPUkCuxknlAvern4n9dNTXjlZ1wmqUHJ5h+FqSAmJvn5ZMAVMiMmllCmuM1K2IgqyowtqWJL8BZPXibts7p3UffuzmuN66KOMhzBMZyCB5fQgFtoQgsYSHiGV3hztPPivDsf89GSU+wcwh84nz+RyZDa</latexit>

0
<latexit sha1_base64="71DMhHkJlS/olet9yA/9B1EuEMY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix60VsL9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxBDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPoPWM0w==</latexit>

I
<latexit sha1_base64="dDHmhDxI9jZj3R0SEpDljDCN5pU=">AAACEHicbVDLSsNAFL3xWeMr6tLNYBFdlUREXRbduKxgH9CEMplO2qGTBzMToYZ8ght/xY0LRdy6dOffOGkDauuBgcM599659/gJZ1LZ9pexsLi0vLJaWTPXNza3tq2d3ZaMU0Fok8Q8Fh0fS8pZRJuKKU47iaA49Dlt+6Orwm/fUSFZHN2qcUK9EA8iFjCClZZ61pHpBgKTzE2wUAxz5IZYDf0gw3n+I97nPatq1+wJ0DxxSlKFEo2e9en2Y5KGNFKEYym7jp0oLysGEk5z000lTTAZ4QHtahrhkEovmxyUo0Ot9FEQC/0ihSbq744Mh1KOQ19XFuvKWa8Q//O6qQouvIxFSapoRKYfBSlHKkZFOqjPBCWKjzXBRDC9KyJDrANSOkNTh+DMnjxPWic156zm3JxW65dlHBXYhwM4BgfOoQ7X0IAmEHiAJ3iBV+PReDbejPdp6YJR9uzBHxgf358enZw=</latexit>

@a

@z
<latexit sha1_base64="KTcTtUnmZcm/a2cj2dg6AHoG/wY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUP++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSvKh4VxWvflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPdoWMtw==</latexit>�<latexit sha1_base64="KTcTtUnmZcm/a2cj2dg6AHoG/wY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUP++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSvKh4VxWvflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPdoWMtw==</latexit>�

<latexit sha1_base64="P/RpPJJglcINGRWdhWm0xSduyG0="></latexit>h
@M�1

@✓1
F @M�1

@✓2
F @M�1

@✓̇1
F @M�1

@✓̇2
F
i
+M�1 @F

@z

<latexit sha1_base64="dDHmhDxI9jZj3R0SEpDljDCN5pU=">AAACEHicbVDLSsNAFL3xWeMr6tLNYBFdlUREXRbduKxgH9CEMplO2qGTBzMToYZ8ght/xY0LRdy6dOffOGkDauuBgcM599659/gJZ1LZ9pexsLi0vLJaWTPXNza3tq2d3ZaMU0Fok8Q8Fh0fS8pZRJuKKU47iaA49Dlt+6Orwm/fUSFZHN2qcUK9EA8iFjCClZZ61pHpBgKTzE2wUAxz5IZYDf0gw3n+I97nPatq1+wJ0DxxSlKFEo2e9en2Y5KGNFKEYym7jp0oLysGEk5z000lTTAZ4QHtahrhkEovmxyUo0Ot9FEQC/0ihSbq744Mh1KOQ19XFuvKWa8Q//O6qQouvIxFSapoRKYfBSlHKkZFOqjPBCWKjzXBRDC9KyJDrANSOkNTh+DMnjxPWic156zm3JxW65dlHBXYhwM4BgfOoQ7X0IAmEHiAJ3iBV+PReDbejPdp6YJR9uzBHxgf358enZw=</latexit>

@a

@z

<latexit sha1_base64="KJk6aJ9rfd/3nEin2NF3JYzxG1o=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlQQ7ZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fANBxZoI</latexit>

@f

@z
=

<latexit sha1_base64="U5cJPmbjd5TWvQMGhVMsQX9Me98="></latexit>

@a

@z
= �M�1

⇥
@M
@✓1

M�1F @M
@✓2

M�1F 0 0
⇤
+M�1 @F

@z

<latexit sha1_base64="sPt5zFMtFZrmK4yzsY2e6HpymSQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ae0oWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZqDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbud+94kqzaR4MNOE+jGOBAsZwcZKnUGTRZE/rNbcupsDrRKvIDUo0BpWvwYjSdKYCkM41rrvuYnxM6wMI5zOKoNU0wSTCY5o31KBY6r9LL92hs6sMkKhVLaEQbn6eyLDsdbTOLCdMTZjvezNxf+8fmrCGz9jIkkNFWSxKEw5MhLNX0cjpigxfGoJJorZWxEZY4WJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0Qhju4=</latexit>#
<latexit sha1_base64="71DMhHkJlS/olet9yA/9B1EuEMY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix60VsL9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxBDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPoPWM0w==</latexit>

I
<latexit sha1_base64="SYIXPJmFfhu4vD8FJ6Tb82h/axQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7AekoWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MOVMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WmCG0TyaXqhVhTzgRtG2Y47aWK4iTktBuOb2d+94kqzaR4MJOUBgmOBYsYwcZKnX6TxbE/qNbcujsHWiVeQWpQoDWofvWHkmQJFYZwrLXvuakJcqwMI5xOK/1M0xSTMY6pb6nACdVBPr92is6sMkSRVLaEQXP190SOE60nSWg7E2xGetmbif95fmaimyBnIs0MFWSxKMo4MhLNXkdDpigxfGIJJorZWxEZYYWJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0EZjuw=</latexit>"

<latexit sha1_base64="U5cJPmbjd5TWvQMGhVMsQX9Me98="></latexit>

@a

@z
= �M�1

⇥
@M
@✓1

M�1F @M
@✓2

M�1F 0 0
⇤
+M�1 @F

@z

<latexit sha1_base64="5HjW2iGl4seQsOa9B3rFZedjpLo=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2L+3SzSbsboQS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBD8H4JvcfnlBpHst7M0nQj+hQ8pAzaqz02IuoGQVh5k771Zpbd2cgy8QrSA0KNPvVr94gZmmE0jBBte56bmL8jCrDmcBppZdqTCgb0yF2LZU0Qu1ns8RTcmKVAQljZZ80ZKb+3shopPUkCuxknlAvern4n9dNTXjlZ1wmqUHJ5h+FqSAmJvn5ZMAVMiMmllCmuM1K2IgqyowtqWJL8BZPXibts7p3UffuzmuN66KOMhzBMZyCB5fQgFtoQgsYSHiGV3hztPPivDsf89GSU+wcwh84nz+RyZDa</latexit>

0

Eigenvalues

Linearization Stability - Case 2
<latexit sha1_base64="jQ/hhWDv2iQ69SmIh3gluR/Xsvw=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFclUkVdSMU3bisYB/QDkMmTdvQJDMkGWEY6q+4caGIWz/EnX9jOp2Fth7I5XDOvdybE8acaeN5387K6tr6xmZpq7y9s7u37x4ctnWUKEJbJOKR6oZYU84kbRlmOO3GimIRctoJJ7czv/NIlWaRfDBpTH2BR5INGcHGSoFbEQGC11AE9bye2YoCt+rVvBxwmaCCVEGBZuB+9QcRSQSVhnCsdQ95sfEzrAwjnE7L/UTTGJMJHtGepRILqv0sP34KT6wygMNI2ScNzNXfExkWWqcitJ0Cm7Fe9Gbif14vMcMrP2MyTgyVZL5omHBoIjhLAg6YosTw1BJMFLO3QjLGChNj8yrbENDil5dJu15DFzV0f15t3BRxlMAROAanAIFL0AB3oAlagIAUPINX8OY8OS/Ou/Mxb11xipkK+APn8wd29ZIR</latexit>

m1 = m2 = m3 = 1

<latexit sha1_base64="yKYd9zaRmKRuhoRLv7LoARQjRjw=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlYQrZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fAM+tZoG</latexit>

@f

@x
=

… other states/forces = 0

<latexit sha1_base64="PlzjjPaEBe2VaJNG7mrBqLB4QD4=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBhZSkiLoRim5cVrAPaEOYTKbt0MkkzEyUEvspblwo4tYvceffOG2z0NYDA4dzzuXeOUHCmdKO820VVlbX1jeKm6Wt7Z3dPbu831JxKgltkpjHshNgRTkTtKmZ5rSTSIqjgNN2MLqZ+u0HKhWLxb0eJ9SL8ECwPiNYG8m3yz1uwiH2M/e0NkFXyPHtilN1ZkDLxM1JBXI0fPurF8YkjajQhGOluq6TaC/DUjPC6aTUSxVNMBnhAe0aKnBElZfNTp+gY6OEqB9L84RGM/X3RIYjpcZRYJIR1kO16E3F/7xuqvuXXsZEkmoqyHxRP+VIx2jaAwqZpETzsSGYSGZuRWSIJSbatFUyJbiLX14mrVrVPa+6d2eV+nVeRxEO4QhOwIULqMMtNKAJBB7hGV7hzXqyXqx362MeLVj5zAH8gfX5Azhokqs=</latexit>

�1,2 = 0

Comments
Since the pendulums are vertical the system is unstable

with a positive real eigenvalue.   

<latexit sha1_base64="z8muoACHXfG4HKk4Q0DlSGCgHzY=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiuCpJEXUjFN24rGAv0IYwmU7aoZNJmDkRSihufBU3LhRx61O4822ctFlo6w8DH/85hzPnDxLBNTjOt7W0vLK6tl7aKG9ube/s2nv7LR2nirImjUWsOgHRTHDJmsBBsE6iGIkCwdrB6Cavtx+Y0jyW9zBOmBeRgeQhpwSM5duHPRgyIL6Lr3CBtRwT7tsVp+pMhRfBLaCCCjV8+6vXj2kaMQlUEK27rpOAlxEFnAo2KfdSzRJCR2TAugYliZj2sukJE3xinD4OY2WeBDx1f09kJNJ6HAWmMyIw1PO13Pyv1k0hvPQyLpMUmKSzRWEqMMQ4zwP3uWIUxNgAoYqbv2I6JIpQMKmVTQju/MmL0KpV3fOqe3dWqV8XcZTQETpGp8hFF6iOblEDNRFFj+gZvaI368l6sd6tj1nrklXMHKA/sj5/APjRld8=</latexit>

✓1 = ✓2 = ⇡
<latexit sha1_base64="5l6cgg4ldGuQLP3HerzPl0hvK1A=">AAAB/HicbZDLSgMxFIbP1Futt9Eu3QSL4KpMiqgboejGZQV7gXYYMmmmDc1cSDLCUOqruHGhiFsfxJ1vYzqdhbb+EPj4zzmck99PBFfacb6t0tr6xuZWebuys7u3f2AfHnVUnErK2jQWsez5RDHBI9bWXAvWSyQjoS9Y15/czuvdRyYVj6MHnSXMDcko4gGnRBvLs6sDJoSH0TXKoWEAe3bNqTu50CrgAmpQqOXZX4NhTNOQRZoKolQfO4l2p0RqTgWbVQapYgmhEzJifYMRCZlyp/nxM3RqnCEKYmlepFHu/p6YklCpLPRNZ0j0WC3X5uZ/tX6qgyt3yqMk1Syii0VBKpCO0TwJNOSSUS0yA4RKbm5FdEwkodrkVTEh4OUvr0KnUccXdXx/XmveFHGU4RhO4AwwXEIT7qAFbaCQwTO8wpv1ZL1Y79bHorVkFTNV+CPr8wfOJZLt</latexit>

`1 = `2 = 1

<latexit sha1_base64="3ggc25KCqf8giaoltAnokFcfBCY=">AAACTXicbZFNSwMxEIaz9aN1/ap69BIsihfLbhH1WPTisYL9gG4p2ey0DWazS5IVy9I/6EXw5r/w4kERMd2WUlsHQl6emUkmb/yYM6Ud583KrayurecLG/bm1vbObnFvv6GiRFKo04hHsuUTBZwJqGumObRiCST0OTT9h5txvvkIUrFI3OthDJ2Q9AXrMUq0Qd1i4PnQZyL1Q6IlexrZDj7B4+Vmu+fNwAQaUHHKcyirOVtktgcimB3aLZacspMFXhbuVJTQNGrd4qsXRDQJQWjKiVJt14l1JyVSM8phZHuJgpjQB9KHtpGChKA6aebGCB8bEuBeJM0SGmd0viMloVLD0DeVZr6BWsyN4X+5dqJ7V52UiTjRIOjkol7CsY7w2FocMAlU86ERhEpmZsV0QCSh2nyAbUxwF5+8LBqVsntRdu/OS9XrqR0FdIiO0Cly0SWqoltUQ3VE0TN6R5/oy3qxPqxv62dSmrOmPQfoT+TyvygBpv0=</latexit>2

664

0 0 1 0
0 0 0 1
20. 0 0 0
�20. 0 0 0

3

775

<latexit sha1_base64="jIfXAH5jXX8mluQqusbmDaUqgMY=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgQkpSg3UjFN24rGAf0IQwmUzaoZNJmJkIJRQ3/oobF4q49Svc+TdO2yy09cDA4ZxzuXNPkDIqlWV9G0vLK6tr66WN8ubW9s6uubfflkkmMGnhhCWiGyBJGOWkpahipJsKguKAkU4wvJn4nQciJE34vRqlxItRn9OIYqS05JuHLtPhEPn5+ZkzhlfQTWPoVJ16zTcrVtWaAi4SuyAVUKDpm19umOAsJlxhhqTs2VaqvBwJRTEj47KbSZIiPER90tOUo5hIL5+eMIYnWglhlAj9uIJT9fdEjmIpR3GgkzFSAznvTcT/vF6moksvpzzNFOF4tijKGFQJnPQBQyoIVmykCcKC6r9CPEACYaVbK+sS7PmTF0m7VrUvqvadU2lcF3WUwBE4BqfABnXQALegCVoAg0fwDF7Bm/FkvBjvxscsumQUMwfgD4zPH+DzlSc=</latexit>

�3,4 = ±4.472



Example: Double Pendulum Free Body Diagrams

<latexit sha1_base64="CXyspah+qlUUfPhmhiNSUkgAc9A=">AAACDHicbVDLSsNAFJ34rPVVdelmsAh1UxIRdSMU3bisYB/QhDKZTNuhM5mQuZGWkA9w46+4caGIWz/AnX/jtM1CWw8MHM499869x48E12Db39bS8srq2npho7i5tb2zW9rbb2qVxJQ1qBIqbvtEM8FD1gAOgrWjmBHpC9byhzeTeuuBxZqr8B7GEfMk6Ye8xykBI3VLZVcnErvARpBWesoM1SdZd4SvsFGDQEE6yozLrtpT4EXi5KSMctS7pS83UDSRLAQqiNYdx47AS0kMnAqWFd1Es4jQIemzjqEhkUx76fSYDB8bJcBmFfNCwFP1d0dKpNZj6RunJDDQ87WJ+F+tk0Dv0kt5GCXAQjr7qJcIDApPksEBjxkFMTaE0JibXTEdkJhQMPkVTQjO/MmLpHladc6rzt1ZuXadx1FAh+gIVZCDLlAN3aI6aiCKHtEzekVv1pP1Yr1bHzPrkpX3HKA/sD5/AEsPmyQ=</latexit>X
(forces)x = mẍ

<latexit sha1_base64="mjn7nTRDDhm42JZLxZ9V48LiSNk=">AAACDHicbVDLSsNAFJ3UV62vqks3g0Wom5KIqBuh6MZlBfuAJpTJZNIOnUxC5kYMIR/gxl9x40IRt36AO//GaZuFth4YOJx77p17jxsJrsA0v43S0vLK6lp5vbKxubW9U93d66gwiSlr01CEcc8ligkuWRs4CNaLYkYCV7CuO76e1Lv3LFY8lHeQRswJyFByn1MCWhpUa7ZKAmwDe4Cs7od6qDrOBym+xFr1vBCyNNcus2FOgReJVZAaKtAaVL9sL6RJwCRQQZTqW2YETkZi4FSwvGInikWEjsmQ9TWVJGDKyabH5PhIKx7Wq+gnAU/V3x0ZCZRKA1c7AwIjNV+biP/V+gn4F07GZZQAk3T2kZ8IDCGeJIM9HjMKItWE0JjrXTEdkZhQ0PlVdAjW/MmLpHPSsM4a1u1prXlVxFFGB+gQ1ZGFzlET3aAWaiOKHtEzekVvxpPxYrwbHzNrySh69tEfGJ8/TiWbJg==</latexit>X
(forces)y = mÿ

<latexit sha1_base64="zrA/+AvbFpMRjyQFA4ThWGGqOIs=">AAACEHicbVDLSgNBEJz1GeMr6tHLYBC9GHYXUS9CUBCPEcwDkrDMzk6SITM7y0yvEJZ8ghd/xYsHRbx69ObfOHkcNLGgoajqprsrTAQ34LrfzsLi0vLKam4tv76xubVd2NmtGZVqyqpUCaUbITFM8JhVgYNgjUQzIkPB6mH/euTXH5g2XMX3MEhYW5JuzDucErBSUDi6CXzcosrgFvQYkMA/kYHfxZdYjowoUpANhoEfFIpuyR0DzxNvSopoikpQ+GpFiqaSxUAFMabpuQm0M6KBU8GG+VZqWEJon3RZ09KYSGba2fihIT60SoQ7StuKAY/V3xMZkcYMZGg7JYGemfVG4n9eM4XORTvjcZICi+lkUScVGBQepYMjrhkFMbCEUM3trZj2iCYUbIZ5G4I3+/I8qfkl76zk3Z0Wy1fTOHJoHx2gY+Shc1RGt6iCqoiiR/SMXtGb8+S8OO/Ox6R1wZnO7KE/cD5/ALmtmyg=</latexit>

F2 cos ✓2 �m2g = m2ÿ2
<latexit sha1_base64="Haqd5X7tbdGa7OCN1du1HT6Ubuc=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ3lpki6kYoCuKygn1AW0omk7ahSWZI7ohl6Ae48VfcuFDErR/gzr8x085CWw8ETs45l+QePxLcgOt+OwuLS8srq7m1/PrG5tZ2YWe3bsJYU1ajoQh10yeGCa5YDTgI1ow0I9IXrOEPr1K/cc+04aG6g1HEOpL0Fe9xSsBK3ULx+Lpbxm3DFW7DgAGxtwssUy0IQkgext2yTbkldwI8T7yMFFGGarfw1Q5CGkumgApiTMtzI+gkRAOngo3z7diwiNAh6bOWpYpIZjrJZJkxPrRKgHuhtkcBnqi/JxIijRlJ3yYlgYGZ9VLxP68VQ++8k3AVxcAUnT7UiwWGEKfN4IBrRkGMLCFUc/tXTAdEEwq2v7wtwZtdeZ7UyyXvtOTdnhQrl1kdObSPDtAR8tAZqqAbVEU1RNEjekav6M15cl6cd+djGl1wspk99AfO5w/Zo5mf</latexit>

�F2 sin ✓2 = m2ẍ2

<latexit sha1_base64="BsmJER8hK0woJRQKOscjhe8JS9U=">AAACIHicbVDLSgMxFM34rPU16tJNsAiCWGaKWDdCUSguK9gHtGXIZNI2NJMZkjtiGfopbvwVNy4U0Z1+jeljYVsPBE7OOZfkHj8WXIPjfFtLyyura+uZjezm1vbOrr23X9NRoiir0khEquETzQSXrAocBGvEipHQF6zu929Gfv2BKc0jeQ+DmLVD0pW8wykBI3l28azsubilucQt6DEg5naKy15hRivgKxyOckEQQfo49FzPzjl5Zwy8SNwpyaEpKp791QoimoRMAhVE66brxNBOiQJOBRtmW4lmMaF90mVNQyUJmW6n4wWH+NgoAe5EyhwJeKz+nUhJqPUg9E0yJNDT895I/M9rJtC5bKdcxgkwSScPdRKBIcKjtnDAFaMgBoYQqrj5K6Y9oggF02nWlODOr7xIaoW8e5F3785zpetpHRl0iI7QCXJREZXQLaqgKqLoCb2gN/RuPVuv1of1OYkuWdOZAzQD6+cXKvagjg==</latexit>

�F1 sin ✓1 + F2 sin ✓2 = m1ẍ1

<latexit sha1_base64="IU3rOlXg+DPTbGWdLmcolf/mCRg=">AAACH3icbVDNSgMxGMzWv1r/qh69BIvgxbJbpHoRikLxWMHaQluWbDZtQ7ObJflWWJa+iRdfxYsHRcRb38a03YNtHQhMZuYj+caLBNdg2xMrt7a+sbmV3y7s7O7tHxQPj560jBVlTSqFVG2PaCZ4yJrAQbB2pBgJPMFa3uhu6reemdJcho+QRKwXkEHI+5wSMJJbrNZdB3ep1LgLQwbE3C5w3a0saBV8g4NpzvclpMnYddxiyS7bM+BV4mSkhDI03OJP15c0DlgIVBCtO44dQS8lCjgVbFzoxppFhI7IgHUMDUnAdC+d7TfGZ0bxcV8qc0LAM/XvREoCrZPAM8mAwFAve1PxP68TQ/+6l/IwioGFdP5QPxYYJJ6WhX2uGAWRGEKo4uavmA6JIhRMpQVTgrO88ip5qpSdatl5uCzVbrM68ugEnaJz5KArVEP3qIGaiKIX9IY+0Kf1ar1bX9b3PJqzspljtABr8gur2aBQ</latexit>

F1 cos ✓1 � F2 cos ✓2 = m1ÿ1

<latexit sha1_base64="7q4RdlBuu68GPja9OJVPWhxd188=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVL3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDGz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveVcWrX5art3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDf52MvQ==</latexit>

3
<latexit sha1_base64="uKiINbaW9KMZJKeNvTDtzXPpzKU=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIR67HoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva/51za82boswynAKZ3ABPtShAffQhBYwQHiBN3h3npxX52PZWHKKiRP4A+fzBxazi5Q=</latexit>

4

<latexit sha1_base64="NDYzpDPf4NReujBVQrH7hehsVpg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfJWMuw==</latexit>

1
<latexit sha1_base64="nIUqBHSTIPd3xKKTSocXTsZ0kQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqte86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfhmMvA==</latexit>

2

<latexit sha1_base64="Xh4Xc41jus8oyAFvcAsLe257fk4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDv1W09MG67kgx0nLIjJQPKIU2Kd1Byga4T9XrniV/0Z0DLBOalAjnqv/NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ+jEKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gkgsBL768TJpnVXxRxffnldpNHkcRjuAYTgHDJdTgDurQAAqP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwDbNo4B</latexit>

g = 10

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="l5q9WZht3sUz+jWYFI33L+hwNxs=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD7Jf65crXtWbA68SPycVyNHol796g5imkilLBTGm63uJDTKiLaeCTUu91LCE0DEZsq6jikhmgmx+6hSfOWWAo1i7UhbP1d8TGZHGTGToOiWxI7PszcT/vG5qo+sg4ypJLVN0sShKBbYxnv2NB1wzasXEEUI1d7diOiKaUOvSKbkQ/OWXV0mrVvUvq/79RaV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwD+W42c</latexit>m2

<latexit sha1_base64="XJnqmgh0ZkRIDqhReO6BqJpaHgI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRQSG6QbdU9iv+DGSZBDkpQ45at/TV6SmWJSgtE9SYduCnNhxTbTkTOCl2MoMpZUPax7ajkiZowvHs2gk5dUqPxEq7kpbM1N8TY5oYM0oi15lQOzCL3lT8z2tnNr4Ox1ymmUXJ5oviTBCryPR10uMamRUjRyjT3N1K2IBqyqwLqOhCCBZfXiaN80pwWQnuL8rVmzyOAhzDCZxBAFdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDNxSO5Q==</latexit>

`1

<latexit sha1_base64="84YYcP6z7eX/ASnqT1z/sHNFRsU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2k3btZhN2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6qEQ/Vq/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfu2UnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2OhlwhcyIiSWUKW5vJWxEFWXGBlSyIXjLL6+SVq3qXVa9+4tK/SaPowgncArn4MEV1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+ADiYjuY=</latexit>

`2
<latexit sha1_base64="jPKnWjh79y6GY27yQg2IGxpzCig=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGm/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjCQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QPQ44/T</latexit>

✓2

<latexit sha1_base64="HyLAePdg1n0g4TanfCNBWWXds+s=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrOt3yxWv6s3gLhM/JxXIUe+Wvzq9hGcxKuKSGdP2vZSCMdMkuMRJqZMZTBkfsj62LVUsRhOMZ/dO3BOr9Nwo0bYUuTP198SYxcaM4tB2xowGZtGbiv957Yyiq2AsVJoRKj5fFGXSpcSdPu/2hEZOcmQJ41rYW10+YJpxshGVbAj+4svLpHlW9S+q/t15pXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP89fj9I=</latexit>

✓1
<latexit sha1_base64="Xh4Xc41jus8oyAFvcAsLe257fk4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqBeh6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYWV1b3yhulra2d3b3yvsHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDv1W09MG67kgx0nLIjJQPKIU2Kd1Byga4T9XrniV/0Z0DLBOalAjnqv/NXtK5rGTFoqiDEd7Cc2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ+jEKX0UKe1KWjRTf09kJDZmHIeuMyZ2aBa9qfif10ltdBVkXCapZZLOF0WpQFah6euozzWjVowdIVRzdyuiQ6IJtS6gkgsBL768TJpnVXxRxffnldpNHkcRjuAYTgHDJdTgDurQAAqP8Ayv8OYp78V79z7mrQUvnzmEP/A+fwDbNo4B</latexit>

g = 10

<latexit sha1_base64="xMCVC7szAZzyKnmNk6FbVcsyIXk=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31ve/vdLa+sbmVnm7srO7t39QPTxqmzjVlLVoLGLdDYlhgivWstwK1k00IzIUrBNO7nK/88S04bF6tNOEBZKMFI84JTaX5ACjQbXm1/050CrBBalBgeag+tUfxjSVTFkqiDE97Cc2yIi2nAo2q/RTwxJCJ2TEeo4qIpkJsvmtM3TmlCGKYu1KWTRXf09kRBozlaHrlMSOzbKXi/95vdRGN0HGVZJapuhiUZQKZGOUP46GXDNqxdQRQjV3tyI6JppQ6+KpuBDw8surpH1Rx1d1/HBZa9wWcZThBE7hHDBcQwPuoQktoDCGZ3iFN096L96797FoLXnFzDH8gff5A1NLjcU=</latexit>m1

<latexit sha1_base64="XJnqmgh0ZkRIDqhReO6BqJpaHgI=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhNlJbzJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWaYZ0poXQrogYFl1i33ApspRppEglsRsPbqd98Qm24kg92lGKY0L7kMWfUOqnRQSG6QbdU9iv+DGSZBDkpQ45at/TV6SmWJSgtE9SYduCnNhxTbTkTOCl2MoMpZUPax7ajkiZowvHs2gk5dUqPxEq7kpbM1N8TY5oYM0oi15lQOzCL3lT8z2tnNr4Ox1ymmUXJ5oviTBCryPR10uMamRUjRyjT3N1K2IBqyqwLqOhCCBZfXiaN80pwWQnuL8rVmzyOAhzDCZxBAFdQhTuoQR0YPMIzvMKbp7wX7937mLeuePnMEfyB9/kDNxSO5Q==</latexit>

`1
<latexit sha1_base64="HyLAePdg1n0g4TanfCNBWWXds+s=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrOt3yxWv6s3gLhM/JxXIUe+Wvzq9hGcxKuKSGdP2vZSCMdMkuMRJqZMZTBkfsj62LVUsRhOMZ/dO3BOr9Nwo0bYUuTP198SYxcaM4tB2xowGZtGbiv957Yyiq2AsVJoRKj5fFGXSpcSdPu/2hEZOcmQJ41rYW10+YJpxshGVbAj+4svLpHlW9S+q/t15pXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP89fj9I=</latexit>

✓1
<latexit sha1_base64="l5q9WZht3sUz+jWYFI33L+hwNxs=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJD7Jf65crXtWbA68SPycVyNHol796g5imkilLBTGm63uJDTKiLaeCTUu91LCE0DEZsq6jikhmgmx+6hSfOWWAo1i7UhbP1d8TGZHGTGToOiWxI7PszcT/vG5qo+sg4ypJLVN0sShKBbYxnv2NB1wzasXEEUI1d7diOiKaUOvSKbkQ/OWXV0mrVvUvq/79RaV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwD+W42c</latexit>m2

<latexit sha1_base64="84YYcP6z7eX/ASnqT1z/sHNFRsU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2k3btZhN2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6qEQ/Vq/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfu2UnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2OhlwhcyIiSWUKW5vJWxEFWXGBlSyIXjLL6+SVq3qXVa9+4tK/SaPowgncArn4MEV1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+ADiYjuY=</latexit>

`2
<latexit sha1_base64="jPKnWjh79y6GY27yQg2IGxpzCig=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGm/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjCQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QPQ44/T</latexit>

✓2

<latexit sha1_base64="jPKnWjh79y6GY27yQg2IGxpzCig=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTg9HHGm/1i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+75ScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZs+TgdCcoZxYQpkW9lbCRlRThjaikg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjCQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QPQ44/T</latexit>

✓2

<latexit sha1_base64="Pq8Y5lpI1WrAkKy2RY8QNCh0YLU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QPBbY10</latexit>

F1

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="cHc7nfJY2oIfNMjHNJkAhxdcfsk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9VgUxGNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsrq2vrGZmGruL2zu7dfOjhs6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+WjGSfoR3QgecgZNVZ6uO1Ve6WyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+i4t2fl2vXeRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnBfn3fmYt644+cwR/IHz+QPC8Y11</latexit>

F2

<latexit sha1_base64="zCz39/UIPWSCc2GsZX4DvhemZTw=">AAAB7HicbVBNSwMxEJ34WetX1aOXYBE8ld0i6rHoxWMFty20S8mm2TY0yS5JVihLf4MXD4p49Qd589+YtnvQ1gcDj/dmmJkXpYIb63nfaG19Y3Nru7RT3t3bPzisHB23TJJpygKaiER3ImKY4IoFllvBOqlmREaCtaPx3cxvPzFteKIe7SRloSRDxWNOiXVSIPt1POxXql7NmwOvEr8gVSjQ7Fe+eoOEZpIpSwUxput7qQ1zoi2ngk3LvcywlNAxGbKuo4pIZsJ8fuwUnztlgONEu1IWz9XfEzmRxkxk5DolsSOz7M3E/7xuZuObMOcqzSxTdLEozgS2CZ59jgdcM2rFxBFCNXe3YjoimlDr8im7EPzll1dJq17zr2r+w2W1cVvEUYJTOIML8OEaGnAPTQiAAodneIU3pNALekcfi9Y1VMycwB+gzx8XA443</latexit>m2g<latexit sha1_base64="FtLDB/g5KAYxuXJvSv+yL1+Zzd0=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V3LbQLiWbZtvQJLskWaEs/Q1ePCji1R/kzX9j2u5BWx8MPN6bYWZelApurO9/e6W19Y3NrfJ2ZWd3b/+genjUMkmmKQtoIhLdiYhhgisWWG4F66SaERkJ1o7GdzO//cS04Yl6tJOUhZIMFY85JdZJgexjNOxXa37dnwOtElyQGhRo9qtfvUFCM8mUpYIY08V+asOcaMupYNNKLzMsJXRMhqzrqCKSmTCfHztFZ04ZoDjRrpRFc/X3RE6kMRMZuU5J7MgsezPxP6+b2fgmzLlKM8sUXSyKM4FsgmafowHXjFoxcYRQzd2tiI6IJtS6fCouBLz88ippXdTxVR0/XNYat0UcZTiBUzgHDNfQgHtoQgAUODzDK7x5ynvx3r2PRWvJK2aO4Q+8zx8VfY42</latexit>m1g

<latexit sha1_base64="I7WLphtYaFSfmfi8WpFuaYy9pfo=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4MaSEVE3QtGNywr2AW0Ik8mkHTqThJmJUEI2/oobF4q49TPc+TdO2iy09cDlHs65l5l7/IQzpR3n26osLa+srlXXaxubW9s79u5eR8WpJLRNYh7Lno8V5Syibc00p71EUix8Trv++Lbwu49UKhZHD3qSUFfgYcRCRrA2kmcfnAoPwSG8hkUfBEGss0nuIc+uOw1nCrhIUEnqoETLs78GQUxSQSNNOFaqj5xEuxmWmhFO89ogVTTBZIyHtG9ohAVVbjY9IIfHRglgGEtTkYZT9fdGhoVSE+GbSYH1SM17hfif1091eOVmLEpSTSMyeyhMOdQxLNKAAZOUaD4xBBPJzF8hGWGJiTaZ1UwIaP7kRdI5a6CLBro/rzdvyjiq4BAcgROAwCVogjvQAm1AQA6ewSt4s56sF+vd+piNVqxyZx/8gfX5AztXlOo=</latexit>�m1g = m1ÿ1

Pendulum 1

Kinematics

<latexit sha1_base64="b91MtPjv3k5SMwf3uxdltwMmwC0=">AAACA3icbZA9SwNBEIb3/IzxK2qnzWIQrMKdiNoIQRvLCOYDcuHY20ySJXt7x+6cGELAxr9iY6GIrX/Czn/jJrlCE19YeHhnhtl5w0QKg6777SwsLi2vrObW8usbm1vbhZ3dmolTzaHKYxnrRsgMSKGgigIlNBINLAol1MP+9bhevwdtRKzucJBAK2JdJTqCM7RWUNh/CDx6SX2Q0oJvhKI+9gBZ4AWFoltyJ6Lz4GVQJJkqQeHLb8c8jUAhl8yYpucm2BoyjYJLGOX91EDCeJ91oWlRsQhMazi5YUSPrNOmnVjbp5BO3N8TQxYZM4hC2xkx7JnZ2tj8r9ZMsXPRGgqVpAiKTxd1UkkxpuNAaFto4CgHFhjXwv6V8h7TjKONLW9D8GZPnofaSck7K3m3p8XyVRZHjhyQQ3JMPHJOyuSGVEiVcPJInskreXOenBfn3fmYti442cwe+SPn8wey3ZZL</latexit>

x1 = `1 sin ✓1
<latexit sha1_base64="33x7SWt1T0746KjqvMuDOO4nOu8=">AAACF3icbZDLSgMxFIYz9VbrbdSlm2ARXJUZEXUjFN24rGAv0BmGTHrahmYuJGfEMvQt3Pgqblwo4lZ3vo3pZaGtPwR+vnNOkvOHqRQaHefbKiwtr6yuFddLG5tb2zv27l5DJ5niUOeJTFQrZBqkiKGOAiW0UgUsCiU0w8H1uN68B6VFEt/hMAU/Yr1YdAVnaFBgV7xOgvnDKHDpJZ14D/uAzAAPpDTY44mmUxi4gV12Ks5EdNG4M1MmM9UC+8tcyrMIYuSSad12nRT9nCkUXMKo5GUaUsYHrAdtY2MWgfbzyV4jemRIh3YTZU6MdEJ/T+Qs0noYhaYzYtjX87Ux/K/WzrB74eciTjOEmE8f6maSYkLHIdGOUMBRDo1hXAnzV8r7TDGOJsqSCcGdX3nRNE4q7lnFvT0tV69mcRTJATkkx8Ql56RKbkiN1Aknj+SZvJI368l6sd6tj2lrwZrN7JM/sj5/ACQHn0Y=</latexit>

ẋ1 = ✓̇1`1 cos ✓1
<latexit sha1_base64="b5QqzMnHoZlItMhUDmrlZShv2V4="></latexit>

ẍ1 = ✓̈1`1 cos ✓1 � ✓̇21`1 sin ✓1

<latexit sha1_base64="QdJfu+QQmc/TByfZvRaz27bmZZI=">AAACBHicbZC7SgNBFIZnvcZ4i1qmGQyCjWFXRG2EoI1lBHOB7LLMTs4mQ2YvzJwVwpLCxlexsVDE1oew822cXApN/GHg4z/ncOb8QSqFRtv+tpaWV1bX1gsbxc2t7Z3d0t5+UyeZ4tDgiUxUO2AapIihgQIltFMFLAoktILBzbjeegClRRLf4zAFL2K9WISCMzSWXyoPfYde0RMXpDTk8kRTF/uAzHf8UsWu2hPRRXBmUCEz1f3Sl9tNeBZBjFwyrTuOnaKXM4WCSxgV3UxDyviA9aBjMGYRaC+fHDGiR8bp0jBR5sVIJ+7viZxFWg+jwHRGDPt6vjY2/6t1MgwvvVzEaYYQ8+miMJMUEzpOhHaFAo5yaIBxJcxfKe8zxTia3IomBGf+5EVonlad86pzd1apXc/iKJAyOSTHxCEXpEZuSZ00CCeP5Jm8kjfryXqx3q2PaeuSNZs5IH9kff4AGyGWfg==</latexit>

y1 = �`1 cos ✓1
<latexit sha1_base64="JgMlWX7JClb1aCavr+kLpNHPkUI=">AAACF3icbZDLSgMxFIYzXmu9VV26CRbBVZkRUTdC0Y3LCvYCnTJk0tM2NJMZkjNCGfoWbnwVNy4Ucas738Z02oW2/hD4+c45Sc4fJlIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e03TJxqDnUey1i3QmZACgV1FCihlWhgUSihGQ5vJvXmA2gjYnWPowQ6Eesr0ROcoUVBqeJ3Y8xG48CjVzT3Pg4AmQU+SGmxb4SiUxh4QansVtxcdNF4M1MmM9WC0pe9lKcRKOSSGdP23AQ7GdMouIRx0U8NJIwPWR/a1ioWgelk+V5jemxJl/ZibY9CmtPfExmLjBlFoe2MGA7MfG0C/6u1U+xddjKhkhRB8elDvVRSjOkkJNoVGjjKkTWMa2H/SvmAacbRRlm0IXjzKy+axmnFO694d2fl6vUsjgI5JEfkhHjkglTJLamROuHkkTyTV/LmPDkvzrvzMW1dcmYzB+SPnM8fLY6fTA==</latexit>

ẏ1 = ✓̇1`1 sin ✓1
<latexit sha1_base64="Yf7pQoQOjenUzZvouCg367tWgKU="></latexit>

ÿ1 = ✓̈1`1 sin ✓1 + ✓̇21`1 cos ✓1

Pendulum 2

<latexit sha1_base64="K9fvqbgybxdrllPV5ZrwetBejtQ="></latexit>

ẋ2 = ẋ1 + ✓̇2`2 cos ✓2 = ✓̇1`1 cos ✓1 + ✓̇2`2 cos ✓2
<latexit sha1_base64="H3YF/5a2a132c8cgK1UAoHTkvnQ="></latexit>

ẍ2 = ẍ1 + ✓̈2`2 cos ✓2 � ✓̇22`2 sin ✓2 = ✓̈1`1 cos ✓1 � ✓̇21`1 sin ✓1 + ✓̈2`2 cos ✓2 � ✓̇22`2 sin ✓2

<latexit sha1_base64="4nkBlwGS7tGivGNQDhdYS75n8wo=">AAACNXicdZDLSgMxFIYzXmu9jbp0EyyCIJQZEXUjFN24cFHBqtApQyY9tcFMZkjOSEvpS7nxPVzpwoUibn0F0+ksvB4I/Pn+c0jOH6VSGPS8J2dicmp6ZrY0V55fWFxadldWL0ySaQ4NnshEX0XMgBQKGihQwlWqgcWRhMvo5njkX96CNiJR59hPoRWzayU6gjO0KHRPe+EOPaS90KfbNAAp7TUwQgXYBWS5l1M/p7TA/zSHbsWrennR38IvRIUUVQ/dh6Cd8CwGhVwyY5q+l2JrwDQKLmFYDjIDKeM37BqaVioWg2kN8q2HdNOSNu0k2h6FNKdfJwYsNqYfR7YzZtg1P70R/MtrZtg5aA2ESjMExccPdTJJMaGjCGlbaOAo+1YwroX9K+VdphlHG3TZhuD/XPm3uNip+ntV/2y3Ujsq4iiRdbJBtohP9kmNnJA6aRBO7sgjeSGvzr3z7Lw57+PWCaeYWSPfyvn4BMMFqIE=</latexit>

x2 = x1 + `2 sin ✓2 = `1 sin ✓1 + `2 sin ✓2
<latexit sha1_base64="yJqZUlw9dzFlw0hGAOHeWjA4icw=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindR8e7Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEPLI2n</latexit>x2

<latexit sha1_base64="MI4iaa9t3elN9cdAdp9GIeCMAnU=">AAAB8HicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoxmUF+5B2KJk004YmM0NyRyxDv8KNC0Xc+jnu/BvTdhbaeiBwOOcecu8JEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FBFvoEDJ24nmVAWSt4LRzdRvPXJtRBzd4zjhvqKDSISCUbTSQ7cfY/Y06VV7pbJbcWcgy8TLSRly1HulL5tlqeIRMkmN6Xhugn5GNQom+aTYTQ1PKBvRAe9YGlHFjZ/NFp6QU6v0SRhr+yIkM/V3IqPKmLEK7KSiODSL3lT8z+ukGF75mYiSFHnE5h+FqSQYk+n1pC80ZyjHllCmhd2VsCHVlKHtqGhL8BZPXibNasW7qHh35+XadV5HAY7hBM7Ag0uowS3UoQEMFDzDK7w52nlx3p2P+eiKk2eO4A+czx/tupB+</latexit>

ẋ2
<latexit sha1_base64="3U6RacfBcHiqY8SKzRIiMyV21z0=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE8laSIeix68VjBfmBbymazaZdudsPuRCyh/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLEsENet63s7K6tr6xWdgqbu/s7u2XDg6bRqWasgZVQul2QAwTXLIGchSsnWhG4kCwVjC6mfqtR6YNV/IexwnrxWQgecQpQSs9dMNQYfY06Vf7pbJX8WZwl4mfkzLkqPdLX91Q0TRmEqkgxnR8L8FeRjRyKtik2E0NSwgdkQHrWCpJzEwvm108cU+tErqR0rYkujP190RGYmPGcWA7Y4JDs+hNxf+8TorRVS/jMkmRSTpfFKXCReVO33dDrhlFMbaEUM3trS4dEk0o2pCKNgR/8eVl0qxW/IuKf3derl3ncRTgGE7gDHy4hBrcQh0aQEHCM7zCm2OcF+fd+Zi3rjj5zBH8gfP5A63JkOw=</latexit>

ẍ2

<latexit sha1_base64="rD/K3R7nRe/VP/0rUdW1BEbPSTk=">AAACOnicdVDLSgMxFM34dnxVXboJFsGNZVJE3RRENy4tWC10ypBJb9vQzIPkjjAUv8uNX+HOhRsXirj1A0zbWajVA4GTc84luSdMlTToeU/OzOzc/MLi0rK7srq2vlHa3Lo2SaYFNESiEt0MuQElY2igRAXNVAOPQgU34eB85N/cgjYyia8wT6Ed8V4su1JwtFJQqudBldZoHjB6QH1Qyl59kRjqYx+QB1W35hYG+2Ew9598UCp7FW8MOk1YQcqkwGVQevQ7icgiiFEobkyLeSm2h1yjFAruXD8zkHIx4D1oWRrzCEx7OF79ju5ZpUO7ibYnRjpWv08MeWRMHoU2GXHsm9/eSPzLa2XYPWkPZZxmCLGYPNTNFMWEjnqkHalBoMot4UJL+1cq+lxzgbbtUQns98rT5LpaYUcVVj8sn54VdSyRHbJL9gkjx+SUXJBL0iCC3JNn8krenAfnxXl3PibRGaeY2SY/4Hx+AUdyqP8=</latexit>

y2 = y1 � `2 cos ✓2 = �`1 cos ✓1 � `2 cos ✓2
<latexit sha1_base64="knRqiNCn2fbum80My9XMGaByInI="></latexit>

ẏ2 = ẏ1 + ✓̇2`2 sin ✓2 = ✓̇1`1 sin ✓1 + ✓̇2`2 sin ✓2
<latexit sha1_base64="g8tzsyrqe4wHK+3OhSehoY3nqlE="></latexit>

ÿ2 = ÿ1 + ✓̈2`2 sin ✓2 + ✓̇22`2 cos ✓2 = ✓̈1`1 sin ✓1 + ✓̇21`1 cos ✓1 + ✓̈2`2 sin ✓2 + ✓̇22`2 cos ✓2

<latexit sha1_base64="eYAgKqSiYd8jVtwyJdBmRglvFEY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2m3bpZhN2J0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xCzhfkSHSoSCUbTSQ9av9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/QnVKJjk01IvNTyhbEyHvGupohE3/mR+6pScWWVAwljbUkjm6u+JCY2MyaLAdkYUR2bZm4n/ed0Uw2t/IlSSIldssShMJcGYzP4mA6E5Q5lZQpkW9lbCRlRThjadkg3BW355lbRqVe+y6t1fVOo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AEQso2o</latexit>y2
<latexit sha1_base64="gGiPFGcKp6/1/QH9DHgsTY188rE=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqswUUZdFNy4r2Ie0Q8mkmTY0mRmSO0IZ+hVuXCji1s9x59+YtrPQ1gOBwzn3kHtPkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUkS8iQIl7ySaUxVI3g7GtzO//cS1EXH0gJOE+4oOIxEKRtFKj71BjNlk2q/1yxW36s5BVomXkwrkaPTLXzbLUsUjZJIa0/XcBP2MahRM8mmplxqeUDamQ961NKKKGz+bLzwlZ1YZkDDW9kVI5urvREaVMRMV2ElFcWSWvZn4n9dNMbz2MxElKfKILT4KU0kwJrPryUBozlBOLKFMC7srYSOqKUPbUcmW4C2fvEpatap3WfXuLyr1m7yOIpzAKZyDB1dQhztoQBMYKHiGV3hztPPivDsfi9GCk2eO4Q+czx/vQZB/</latexit>

ẏ2
<latexit sha1_base64="iBRSr7ZMpp7ofNgrR23/ViT4uIA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae2oWw2m3bpZjfsboQQ+i+8eFDEq//Gm//GbZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbmd+94kqzaR4MFlC/RiPBIsYwcZKj4MwlCbPpsPGsFpz6+4caJV4BalBgdaw+jUIJUljKgzhWOu+5ybGz7EyjHA6rQxSTRNMJnhE+5YKHFPt5/OLp+jMKiGKpLIlDJqrvydyHGudxYHtjLEZ62VvJv7n9VMTXfs5E0lqqCCLRVHKkZFo9j4KmaLE8MwSTBSztyIyxgoTY0Oq2BC85ZdXSadR9y7r3v1FrXlTxFGGEziFc/DgCppwBy1oAwEBz/AKb452Xpx352PRWnKKmWP4A+fzB69QkO0=</latexit>

ÿ2

Dynamics:

Pendulum 1:

Pendulum 2:

<latexit sha1_base64="yEkC3nyhk0+WR/Wc5H6P6wWQ4gE="></latexit>

@M

@✓1
=


0 m2`2`1 sin(✓2 � ✓1)

m2`2`1 sin(✓2 � ✓1) 0

�

<latexit sha1_base64="iqNAS1RefEFOAsavs1huACxr8BA="></latexit>

@M

@✓2
=


0 �m2`2`1 sin(✓2 � ✓1)

�m2`2`1 sin(✓2 � ✓1) 0

�

<latexit sha1_base64="TfobIaLfR4KjSHDjOE14l1DPNHw="></latexit>
0 m22✓̇2`2`1 sin(✓2 � ✓1)

�m22✓̇1`1`2 sin(✓2 � ✓1) 0

�<latexit sha1_base64="I7+2BJAemJOoOmSKLxdhvBbE7aI="></latexit>

@F

@z
=


�m2✓̇22`2`1 cos(✓2 � ✓1)� (m1 +m2)`1 cos ✓1g m2✓̇22`2`1 cos(✓2 � ✓1)

m2✓̇21`1`2 cos(✓2 � ✓1) �m2✓̇21`1`2 cos(✓2 � ✓1)

�

<latexit sha1_base64="oYpzKOEU7uBM8E6EQg7MRDVsb8M="></latexit>

z =

2

664

✓1
✓2
✓̇1
✓̇2

3

775

<latexit sha1_base64="dDOEXUzGuYD/5/QqgHUtANWYeL8="></latexit>

det(M) = m2`
2
1`

2
2

�
m1 �m2 sin

2(✓2 � ✓1)
�

<latexit sha1_base64="0fBb0J7JRJX7USzc56ObzJzPuNM="></latexit>
m2`22 �m2`2`1 cos(✓2 � ✓1)

�m2`2`1 cos(✓2 � ✓1) (m1 +m2)`21

�<latexit sha1_base64="2EpLJARI9h79Wr4T8vDi7sn+srY=">AAACG3icbVDLSgMxFM34tr6qLt0Ei1AXlhkRdSOIbtwIFawKnVoy6Z02mHmQ3BFLmP9w46+4caGIK8GFf2P6AB/1QOBwzrnk3hOkUmh03U9nbHxicmp6ZrYwN7+wuFRcXrnQSaY41HgiE3UVMA1SxFBDgRKuUgUsCiRcBjfHPf/yFpQWSXyO3RQaEWvHIhScoZWaxW0/YtgJQnOaX5stL6cH1A8V48bLjY9wh6YFmJe/U5t5s1hyK24fdJR4Q1IiQ1SbxXe/lfAsghi5ZFrXPTfFhmEKBZeQF/xMQ8r4DWtD3dKYRaAbpn9bTjes0qJhouyLkfbVnxOGRVp3o8Amezvqv15P/M+rZxjuN4yI0wwh5oOPwkxSTGivKNoSCjjKriWMK2F3pbzDbDVo6yzYEry/J4+Si+2Kt1vxznZKh0fDOmbIGlknZeKRPXJITkiV1Agn9+SRPJMX58F5cl6dt0F0zBnOrJJfcD6+AIUTobw=</latexit>

M�1 =
1

det(M)

Dynamics…
<latexit sha1_base64="l2Ugl02wXDnbzBSKXsioGAyh6Dw=">AAACD3icbVDLSgMxFL1TX7W+Rl26CRbFjWVGRN0IRUHcCBXsA9qxZNJMG5p5kGSEMswfuPFX3LhQxK1bd/6NmT5AWw8Ezj3nXnLvcSPOpLKsbyM3N7+wuJRfLqysrq1vmJtbNRnGgtAqCXkoGi6WlLOAVhVTnDYiQbHvclp3+5eZX3+gQrIwuFODiDo+7gbMYwQrLbXN/ZaPVc/1EpyiczQpbtL75NBOJ+VV2jaLVskaAs0Se0yKMEalbX61OiGJfRoowrGUTduKlJNgoRjhNC20YkkjTPq4S5uaBtin0kmG96RoTysd5IVCv0Chofp7IsG+lAPf1Z3ZhnLay8T/vGasvDMnYUEUKxqQ0UdezJEKURYO6jBBieIDTTARTO+KSA8LTJSOsKBDsKdPniW1o5J9UrJvj4vli3EcediBXTgAG06hDNdQgSoQeIRneIU348l4Md6Nj1FrzhjPbMMfGJ8//aucpA==</latexit>

a = M�1F
<latexit sha1_base64="vg8z73vZLD9idFyYoZ2KNthBrA4="></latexit>

(m1 +m2)`21 m2`2`1 cos(✓2 � ✓1)
m2`2`1 cos(✓2 � ✓1) m2`22

� <latexit sha1_base64="+KhRvj6q0fr2GXwQhG40spE5OW4=">AAACKXicbVDLSgMxFM34rPVVdekmWARXZaaIuiy6cVnBPqBTSiZz24ZmMkNyRyxDf8eNv+JGQVG3/ojpA9HWA4HDOfeQe0+QSGHQdT+cpeWV1bX13EZ+c2t7Z7ewt183cao51HgsY90MmAEpFNRQoIRmooFFgYRGMLga+4070EbE6haHCbQj1lOiKzhDK3UKFT+AnlBZEDHU4n5E/TCMMfOxD8hGHY/6/pxUpj6o8CfQKRTdkjsBXSTejBTJDNVO4cUPY55GoJBLZkzLcxNsZ0yj4BJGeT81kDA+YD1oWapYBKadTS4d0WOrhLQba/sU0on6O5GxyJhhFNhJu1/fzHtj8T+vlWL3op0JlaQIik8/6qaSYkzHtdFQaOAoh5YwroXdlfI+04yjLTdvS/DmT14k9XLJOyt5N6fFyuWsjhw5JEfkhHjknFTINamSGuHkgTyRV/LmPDrPzrvzOR1dcmaZA/IHztc343SoPg==</latexit>
✓̈1
✓̈2

� <latexit sha1_base64="ccMf1NPkQJVlXbCitVl9jvwZqG8="></latexit>
m2✓̇22`2`1 sin(✓2 � ✓1)� (m1 +m2)`1 sin ✓1g

�m2✓̇21`1`2 sin(✓2 � ✓1)

�
<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> ( <latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="cD4k4KNzpmj/EC8Ge0xqniELPZI=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiGzdCBfvAtpRMeqcNzWSGJCOUoX/hxoUibv0bd/6NmXYW2nogcDjnXnLu8WPBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpKFMMGi0Sk2j7VKLjEhuFGYDtWSENfYMsf32R+6wmV5pF8MJMYeyEdSh5wRo2VHrshNSM/SO+m/XLFrbozkGXi5aQCOer98ld3ELEkRGmYoFp3PDc2vZQqw5nAaambaIwpG9MhdiyVNETdS2eJp+TEKgMSRMo+achM/b2R0lDrSejbySyhXvQy8T+vk5jgqpdyGScGJZt/FCSCmIhk55MBV8iMmFhCmeI2K2EjqigztqSSLcFbPHmZNM+q3kXVuz+v1K7zOopwBMdwCh5cQg1uoQ4NYCDhGV7hzdHOi/PufMxHC06+cwh/4Hz+AL3akPc=</latexit>

M
<latexit sha1_base64="Uj6nJ3AsEVHd4YV8iSLkuEEseJM=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2m3bpZhN2X4QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjGN7n/8MS1EbG6x0nC/YgOlQgFo2ilx15EcRSEGZ32qzW37s5AlolXkBoUaParX71BzNKIK2SSGtP13AT9jGoUTPJppZcanlA2pkPetVTRiBs/myWekhOrDEgYa/sUkpn6eyOjkTGTKLCTeUKz6OXif143xfDKz4RKUuSKzT8KU0kwJvn5ZCA0ZygnllCmhc1K2IhqytCWVLEleIsnL5P2Wd27qHt357XGdVFHGY7gGE7Bg0towC00oQUMFDzDK7w5xnlx3p2P+WjJKXYO4Q+czx/cPpEL</latexit>a

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="sZ49ajG7bco8ZWSalhiKsP33yl4=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiIC4r2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4WV1bX1jeJmaWt7Z3evvH/Q1FGiGDZYJCLV9qlGwSU2DDcC27FCGvoCW/74JvNbT6g0j+SDmcTYC+lQ8oAzaqz02A2pGflBejvtlytu1Z2BLBMvJxXIUe+Xv7qDiCUhSsME1brjubHppVQZzgROS91EY0zZmA6xY6mkIepeOks8JSdWGZAgUvZJQ2bq742UhlpPQt9OZgn1opeJ/3mdxARXvZTLODEo2fyjIBHERCQ7nwy4QmbExBLKFLdZCRtRRZmxJZVsCd7iycukeVb1Lqre/Xmldp3XUYQjOIZT8OASanAHdWgAAwnP8ApvjnZenHfnYz5acPKdQ/gD5/MHszeQ8A==</latexit>

F

Linearization…

Linearization
<latexit sha1_base64="sSe0ShM6AhWwXoGkEu8N+HKyRhI=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBDiJeyKqBch6MVjBPOAZA2zk9lkyOyDmV4lWfIfXjwo4tV/8ebfOEn2oIkFDUVV90x3ebEUGm3721paXlldW89t5De3tnd2C3v7dR0livEai2Skmh7VXIqQ11Cg5M1YcRp4kje8wc3EbzxypUUU3uMw5m5Ae6HwBaNopId2N8J0NCZXxC+NTjqFol22pyCLxMlIETJUO4Uv8wBLAh4ik1TrlmPH6KZUoWCSj/PtRPOYsgHt8ZahIQ24dtPp1mNybJQu8SNlKkQyVX9PpDTQehh4pjOg2Nfz3kT8z2sl6F+6qQjjBHnIZh/5iSQYkUkEpCsUZyiHhlCmhNmVsD5VlKEJKm9CcOZPXiT107JzXnbuzoqV6yyOHBzCEZTAgQuowC1UoQYMFDzDK7xZT9aL9W59zFqXrGzmAP7A+vwBbTiRzw==</latexit>

ż = f(z)

<latexit sha1_base64="KJk6aJ9rfd/3nEin2NF3JYzxG1o=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlQQ7ZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fANBxZoI</latexit>

@f

@z
=

<latexit sha1_base64="KJk6aJ9rfd/3nEin2NF3JYzxG1o=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlQQ7ZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fANBxZoI</latexit>

@f

@z
=

<latexit sha1_base64="oYpzKOEU7uBM8E6EQg7MRDVsb8M="></latexit>

z =

2

664

✓1
✓2
✓̇1
✓̇2

3

775
<latexit sha1_base64="SYIXPJmFfhu4vD8FJ6Tb82h/axQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7AekoWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MOVMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WmCG0TyaXqhVhTzgRtG2Y47aWK4iTktBuOb2d+94kqzaR4MJOUBgmOBYsYwcZKnX6TxbE/qNbcujsHWiVeQWpQoDWofvWHkmQJFYZwrLXvuakJcqwMI5xOK/1M0xSTMY6pb6nACdVBPr92is6sMkSRVLaEQXP190SOE60nSWg7E2xGetmbif95fmaimyBnIs0MFWSxKMo4MhLNXkdDpigxfGIJJorZWxEZYYWJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0EZjuw=</latexit>"

<latexit sha1_base64="sPt5zFMtFZrmK4yzsY2e6HpymSQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ae0oWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZqDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbud+94kqzaR4MNOE+jGOBAsZwcZKnUGTRZE/rNbcupsDrRKvIDUo0BpWvwYjSdKYCkM41rrvuYnxM6wMI5zOKoNU0wSTCY5o31KBY6r9LL92hs6sMkKhVLaEQbn6eyLDsdbTOLCdMTZjvezNxf+8fmrCGz9jIkkNFWSxKEw5MhLNX0cjpigxfGoJJorZWxEZY4WJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0Qhju4=</latexit>#
<latexit sha1_base64="5HjW2iGl4seQsOa9B3rFZedjpLo=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2L+3SzSbsboQS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBD8H4JvcfnlBpHst7M0nQj+hQ8pAzaqz02IuoGQVh5k771Zpbd2cgy8QrSA0KNPvVr94gZmmE0jBBte56bmL8jCrDmcBppZdqTCgb0yF2LZU0Qu1ns8RTcmKVAQljZZ80ZKb+3shopPUkCuxknlAvern4n9dNTXjlZ1wmqUHJ5h+FqSAmJvn5ZMAVMiMmllCmuM1K2IgqyowtqWJL8BZPXibts7p3UffuzmuN66KOMhzBMZyCB5fQgFtoQgsYSHiGV3hztPPivDsf89GSU+wcwh84nz+RyZDa</latexit>

0
<latexit sha1_base64="71DMhHkJlS/olet9yA/9B1EuEMY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix60VsL9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxBDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPoPWM0w==</latexit>

I
<latexit sha1_base64="dDHmhDxI9jZj3R0SEpDljDCN5pU=">AAACEHicbVDLSsNAFL3xWeMr6tLNYBFdlUREXRbduKxgH9CEMplO2qGTBzMToYZ8ght/xY0LRdy6dOffOGkDauuBgcM599659/gJZ1LZ9pexsLi0vLJaWTPXNza3tq2d3ZaMU0Fok8Q8Fh0fS8pZRJuKKU47iaA49Dlt+6Orwm/fUSFZHN2qcUK9EA8iFjCClZZ61pHpBgKTzE2wUAxz5IZYDf0gw3n+I97nPatq1+wJ0DxxSlKFEo2e9en2Y5KGNFKEYym7jp0oLysGEk5z000lTTAZ4QHtahrhkEovmxyUo0Ot9FEQC/0ihSbq744Mh1KOQ19XFuvKWa8Q//O6qQouvIxFSapoRKYfBSlHKkZFOqjPBCWKjzXBRDC9KyJDrANSOkNTh+DMnjxPWic156zm3JxW65dlHBXYhwM4BgfOoQ7X0IAmEHiAJ3iBV+PReDbejPdp6YJR9uzBHxgf358enZw=</latexit>

@a

@z
<latexit sha1_base64="KTcTtUnmZcm/a2cj2dg6AHoG/wY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUP++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSvKh4VxWvflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPdoWMtw==</latexit>�<latexit sha1_base64="KTcTtUnmZcm/a2cj2dg6AHoG/wY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUP++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSvKh4VxWvflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPdoWMtw==</latexit>�

<latexit sha1_base64="P/RpPJJglcINGRWdhWm0xSduyG0="></latexit>h
@M�1

@✓1
F @M�1

@✓2
F @M�1

@✓̇1
F @M�1

@✓̇2
F
i
+M�1 @F

@z

<latexit sha1_base64="dDHmhDxI9jZj3R0SEpDljDCN5pU=">AAACEHicbVDLSsNAFL3xWeMr6tLNYBFdlUREXRbduKxgH9CEMplO2qGTBzMToYZ8ght/xY0LRdy6dOffOGkDauuBgcM599659/gJZ1LZ9pexsLi0vLJaWTPXNza3tq2d3ZaMU0Fok8Q8Fh0fS8pZRJuKKU47iaA49Dlt+6Orwm/fUSFZHN2qcUK9EA8iFjCClZZ61pHpBgKTzE2wUAxz5IZYDf0gw3n+I97nPatq1+wJ0DxxSlKFEo2e9en2Y5KGNFKEYym7jp0oLysGEk5z000lTTAZ4QHtahrhkEovmxyUo0Ot9FEQC/0ihSbq744Mh1KOQ19XFuvKWa8Q//O6qQouvIxFSapoRKYfBSlHKkZFOqjPBCWKjzXBRDC9KyJDrANSOkNTh+DMnjxPWic156zm3JxW65dlHBXYhwM4BgfOoQ7X0IAmEHiAJ3iBV+PReDbejPdp6YJR9uzBHxgf358enZw=</latexit>

@a

@z

<latexit sha1_base64="KJk6aJ9rfd/3nEin2NF3JYzxG1o=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlQQ7ZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fANBxZoI</latexit>

@f

@z
=

<latexit sha1_base64="U5cJPmbjd5TWvQMGhVMsQX9Me98="></latexit>

@a

@z
= �M�1

⇥
@M
@✓1

M�1F @M
@✓2

M�1F 0 0
⇤
+M�1 @F

@z

<latexit sha1_base64="sPt5zFMtFZrmK4yzsY2e6HpymSQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ae0oWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZqDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqBVhTzgRtG2Y47SWK4jjgtBtMbud+94kqzaR4MNOE+jGOBAsZwcZKnUGTRZE/rNbcupsDrRKvIDUo0BpWvwYjSdKYCkM41rrvuYnxM6wMI5zOKoNU0wSTCY5o31KBY6r9LL92hs6sMkKhVLaEQbn6eyLDsdbTOLCdMTZjvezNxf+8fmrCGz9jIkkNFWSxKEw5MhLNX0cjpigxfGoJJorZWxEZY4WJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0Qhju4=</latexit>#
<latexit sha1_base64="71DMhHkJlS/olet9yA/9B1EuEMY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix60VsL9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqxUv++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSPK94lxWvflGu3uRxFOAYTuAMPLiCKtxBDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPoPWM0w==</latexit>

I
<latexit sha1_base64="SYIXPJmFfhu4vD8FJ6Tb82h/axQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7AekoWy2m3TtZjfsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8MOVMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WmCG0TyaXqhVhTzgRtG2Y47aWK4iTktBuOb2d+94kqzaR4MJOUBgmOBYsYwcZKnX6TxbE/qNbcujsHWiVeQWpQoDWofvWHkmQJFYZwrLXvuakJcqwMI5xOK/1M0xSTMY6pb6nACdVBPr92is6sMkSRVLaEQXP190SOE60nSWg7E2xGetmbif95fmaimyBnIs0MFWSxKMo4MhLNXkdDpigxfGIJJorZWxEZYYWJsQFVbAje8surpHNR967q3v1lrdEs4ijDCZzCOXhwDQ24gxa0gcAjPMMrvDnSeXHenY9Fa8kpZo7hD5zPH0EZjuw=</latexit>"

<latexit sha1_base64="U5cJPmbjd5TWvQMGhVMsQX9Me98="></latexit>

@a

@z
= �M�1

⇥
@M
@✓1

M�1F @M
@✓2

M�1F 0 0
⇤
+M�1 @F

@z

<latexit sha1_base64="5HjW2iGl4seQsOa9B3rFZedjpLo=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIqMeiF48VbC22oWy2L+3SzSbsboQS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSATXxnW/ndLK6tr6RnmzsrW9s7tX3T9o6zhVDFssFrHqBFSj4BJbhhuBnUQhjQKBD8H4JvcfnlBpHst7M0nQj+hQ8pAzaqz02IuoGQVh5k771Zpbd2cgy8QrSA0KNPvVr94gZmmE0jBBte56bmL8jCrDmcBppZdqTCgb0yF2LZU0Qu1ns8RTcmKVAQljZZ80ZKb+3shopPUkCuxknlAvern4n9dNTXjlZ1wmqUHJ5h+FqSAmJvn5ZMAVMiMmllCmuM1K2IgqyowtqWJL8BZPXibts7p3UffuzmuN66KOMhzBMZyCB5fQgFtoQgsYSHiGV3hztPPivDsf89GSU+wcwh84nz+RyZDa</latexit>

0

Eigenvalues

Linearization Stability - Case 2
<latexit sha1_base64="jQ/hhWDv2iQ69SmIh3gluR/Xsvw=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFclUkVdSMU3bisYB/QDkMmTdvQJDMkGWEY6q+4caGIWz/EnX9jOp2Fth7I5XDOvdybE8acaeN5387K6tr6xmZpq7y9s7u37x4ctnWUKEJbJOKR6oZYU84kbRlmOO3GimIRctoJJ7czv/NIlWaRfDBpTH2BR5INGcHGSoFbEQGC11AE9bye2YoCt+rVvBxwmaCCVEGBZuB+9QcRSQSVhnCsdQ95sfEzrAwjnE7L/UTTGJMJHtGepRILqv0sP34KT6wygMNI2ScNzNXfExkWWqcitJ0Cm7Fe9Gbif14vMcMrP2MyTgyVZL5omHBoIjhLAg6YosTw1BJMFLO3QjLGChNj8yrbENDil5dJu15DFzV0f15t3BRxlMAROAanAIFL0AB3oAlagIAUPINX8OY8OS/Ou/Mxb11xipkK+APn8wd29ZIR</latexit>

m1 = m2 = m3 = 1

<latexit sha1_base64="yKYd9zaRmKRuhoRLv7LoARQjRjw=">AAACCXicbZDLSsNAFIZPvNZ6i7p0M1gEVyURUTdC0Y3LCvYCbSiT6aQdOpmEmYlYQrZufBU3LhRx6xu4822ctAG19YeBj/+cMzPn92POlHacL2thcWl5ZbW0Vl7f2Nzatnd2mypKJKENEvFItn2sKGeCNjTTnLZjSXHoc9ryR1d5vXVHpWKRuNXjmHohHggWMIK1sXo26gYSk7QbY6kZ5ijIfvg+QxeoZ1ecqjMRmge3gAoUqvfsz24/IklIhSYcK9VxnVh7aX4n4TQrdxNFY0xGeEA7BgUOqfLSySYZOjROHwWRNEdoNHF/T6Q4VGoc+qYzxHqoZmu5+V+tk+jg3EuZiBNNBZk+FCQc6QjlsaA+k5RoPjaAiWTmr4gMsYlGm/DKJgR3duV5aB5X3dOqe3NSqV0WcZRgHw7gCFw4gxpcQx0aQOABnuAFXq1H69l6s96nrQtWMbMHf2R9fAM+tZoG</latexit>

@f

@x
=

… other states/forces = 0

<latexit sha1_base64="PlzjjPaEBe2VaJNG7mrBqLB4QD4=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBhZSkiLoRim5cVrAPaEOYTKbt0MkkzEyUEvspblwo4tYvceffOG2z0NYDA4dzzuXeOUHCmdKO820VVlbX1jeKm6Wt7Z3dPbu831JxKgltkpjHshNgRTkTtKmZ5rSTSIqjgNN2MLqZ+u0HKhWLxb0eJ9SL8ECwPiNYG8m3yz1uwiH2M/e0NkFXyPHtilN1ZkDLxM1JBXI0fPurF8YkjajQhGOluq6TaC/DUjPC6aTUSxVNMBnhAe0aKnBElZfNTp+gY6OEqB9L84RGM/X3RIYjpcZRYJIR1kO16E3F/7xuqvuXXsZEkmoqyHxRP+VIx2jaAwqZpETzsSGYSGZuRWSIJSbatFUyJbiLX14mrVrVPa+6d2eV+nVeRxEO4QhOwIULqMMtNKAJBB7hGV7hzXqyXqx362MeLVj5zAH8gfX5Azhokqs=</latexit>

�1,2 = 0

Comments
Since the pendulums are vertical the system is unstable

with a positive real eigenvalue.  Since the pendulums are longer it takes longer  
for them to fall over and the eigenvalues have smaller magnitudes. 

<latexit sha1_base64="z8muoACHXfG4HKk4Q0DlSGCgHzY=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiuCpJEXUjFN24rGAv0IYwmU7aoZNJmDkRSihufBU3LhRx61O4822ctFlo6w8DH/85hzPnDxLBNTjOt7W0vLK6tl7aKG9ube/s2nv7LR2nirImjUWsOgHRTHDJmsBBsE6iGIkCwdrB6Cavtx+Y0jyW9zBOmBeRgeQhpwSM5duHPRgyIL6Lr3CBtRwT7tsVp+pMhRfBLaCCCjV8+6vXj2kaMQlUEK27rpOAlxEFnAo2KfdSzRJCR2TAugYliZj2sukJE3xinD4OY2WeBDx1f09kJNJ6HAWmMyIw1PO13Pyv1k0hvPQyLpMUmKSzRWEqMMQ4zwP3uWIUxNgAoYqbv2I6JIpQMKmVTQju/MmL0KpV3fOqe3dWqV8XcZTQETpGp8hFF6iOblEDNRFFj+gZvaI368l6sd6tj1nrklXMHKA/sj5/APjRld8=</latexit>

✓1 = ✓2 = ⇡
<latexit sha1_base64="QWQ5fXMml3kxVPzr8Dh/GAg0v18=">AAAB/nicbZDLSsNAFIZP6q3WW1RcuRksgquSFFE3QtGNywr2Am0Ik+mkHTqZhJmJUELBV3HjQhG3Poc738ZpmoW2/jDw8Z9zOGf+IOFMacf5tkorq2vrG+XNytb2zu6evX/QVnEqCW2RmMeyG2BFORO0pZnmtJtIiqOA004wvp3VO49UKhaLBz1JqBfhoWAhI1gby7eP+pRz30XXKIe6AddxfLvq1JxcaBncAqpQqOnbX/1BTNKICk04VqrnOon2Miw1I5xOK/1U0QSTMR7SnkGBI6q8LD9/ik6NM0BhLM0TGuXu74kMR0pNosB0RliP1GJtZv5X66U6vPIyJpJUU0Hmi8KUIx2jWRZowCQlmk8MYCKZuRWREZaYaJNYxYTgLn55Gdr1mntRc+/Pq42bIo4yHMMJnIELl9CAO2hCCwhk8Ayv8GY9WS/Wu/Uxby1Zxcwh/JH1+QO1MJNh</latexit>

`1 = `2 = 100

<latexit sha1_base64="9QMKcUTXvXsixge1UNza1O2srwQ=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISDdaNUHTjsoJ9QBPCZDJph04mYWYilFDc+CtuXCji1q9w5984bbPQ1gMDh3PO5c49QcqoVJb1bZSWlldW18rrlY3Nre0dc3evLZNMYNLCCUtEN0CSMMpJS1HFSDcVBMUBI51geDPxOw9ESJrwezVKiRejPqcRxUhpyTcPXKbDIfLz81NnDK+gm8bQqjlO3TerVs2aAi4SuyBVUKDpm19umOAsJlxhhqTs2VaqvBwJRTEj44qbSZIiPER90tOUo5hIL5+eMIbHWglhlAj9uIJT9fdEjmIpR3GgkzFSAznvTcT/vF6moksvpzzNFOF4tijKGFQJnPQBQyoIVmykCcKC6r9CPEACYaVbq+gS7PmTF0n7rGZf1Ow7p9q4Luoog0NwBE6ADeqgAW5BE7QABo/gGbyCN+PJeDHejY9ZtGQUM/vgD4zPH93YlSU=</latexit>

�3,4 = ±0.447

<latexit sha1_base64="2KZZz73eSgLjLiDwIje/cVwvY7A=">AAACTXicbZHPS8MwFMfT+WNaf1U9egkOxYujHaIeRS8eJ7gprGWk6dsMpmlJUnGU/YNeBG/+F148KCKmXRGdPgj58nnvJS/fhClnSrvus1WbmZ2bry8s2kvLK6trzvpGVyWZpNChCU/kdUgUcCago5nmcJ1KIHHI4Sq8PSvyV3cgFUvEpR6lEMRkKNiAUaIN6juRH8KQiTyMiZbsfmy7eBcXyyt33/8GE1iAZusHKmv2p5ntg4i+D+07DbfploH/Cq8SDVRFu+88+VFCsxiEppwo1fPcVAc5kZpRDmPbzxSkhN6SIfSMFCQGFeSlG2O8Y0iEB4k0S2hc0p8dOYmVGsWhqTTz3ajpXAH/y/UyPTgOcibSTIOgk4sGGcc6wYW1OGISqOYjIwiVzMyK6Q2RhGrzAbYxwZt+8l/RbTW9w6Z3cdA4Oa3sWEBbaBvtIQ8doRN0jtqogyh6QC/oDb1bj9ar9WF9TkprVtWziX5Frf4FJ/Wm/Q==</latexit>2
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