
Winter 2022 - Dan Calderone

Vector Derivatives & 
Linearization
Linear Algebra
Major sources: Kaare Brandt Petersen 

Michael Syskind Pedersen

Major references: The Matrix Cookbook - Petersen, Pedersen



Vector Derivatives

Scalar Derivatives:

Vector Derivatives:

Derivative:   linear map that estimates         given

Function:
<latexit sha1_base64="L1yRd5Q0+ms6ZXY4Bx8kMaHs3ds=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRclURExVXRjcsK9iFNKJPppB06mQkzE6WEfIEbf8WNC0Xcunbn3zhpA2rrgQuHc+7l3nuCmFGlHefLWlhcWl5ZLa2V1zc2t7btnd2WEonEpIkFE7ITIEUY5aSpqWakE0uCooCRdjC6zP32HZGKCn6jxzHxIzTgNKQYaSP17Gp4Dr0I6SFGLO1knqSDoUZSivsf+Tbr2RWn5kwA54lbkAoo0OjZn15f4CQiXGOGlOq6Tqz9FElNMSNZ2UsUiREeoQHpGspRRJSfTt7JYNUofRgKaYprOFF/T6QoUmocBaYzP1HNern4n9dNdHjmp5THiSYcTxeFCYNawDwb2KeSYM3GhiAsqbkV4iGSCGuTYNmE4M6+PE9aRzX3pOZeH1fqF0UcJbAPDsAhcMEpqIMr0ABNgMEDeAIv4NV6tJ6tN+t92rpgFTN74A+sj2/3BZy1</latexit>

f : X ! Y
<latexit sha1_base64="+MBht1p+9FbPjOOzS2UWVxtyF3s=">AAAB73icbVBNSwMxEJ31s9avqkcvwSLUS9kVUS9C0YvHCvYD2qVk02wbmk3WJCsuS/+EFw+KePXvePPfmLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npho7i5tb2zW9rbb2qZKEIbRHKp2gHWlDNBG4YZTtuxojgKOG0Fo5uJ33qkSjMp7k0aUz/CA8FCRrCxUjtFVyisPJ30SmW36k6BFomXkzLkqPdKX92+JElEhSEca93x3Nj4GVaGEU7HxW6iaYzJCA9ox1KBI6r9bHrvGB1bpY9CqWwJg6bq74kMR1qnUWA7I2yGet6biP95ncSEl37GRJwYKshsUZhwZCSaPI/6TFFieGoJJorZWxEZYoWJsREVbQje/MuLpHla9c6r3t1ZuXadx1GAQziCCnhwATW4hTo0gACHZ3iFN+fBeXHenY9Z65KTzxzAHzifP3zBjvU=</latexit>

y = f(x)
<latexit sha1_base64="hEulwBiFVIDy4A7WGU/UUmDT/JA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNRDx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1Fip3b1FYSgJe+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7N7J+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm0+dJnytkRowtoUxxeythQ6ooMzaikg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAg4Ble4c15dF6cd+dj3lpw8plD+APn8wd8NY+c</latexit>

�f
<latexit sha1_base64="Q07TjtbmaUB2B1osmd0oDXdmKio=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWMF+wFtKJvtpl262cTdiVhC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e03TJxqxusslrFuBdRwKRSvo0DJW4nmNAokbwbD64nffOTaiFjd4yjhfkT7SoSCUbRSq3PDJVLy1C2V3Yo7BVkkXk7KkKPWLX11ejFLI66QSWpM23MT9DOqUTDJx8VOanhC2ZD2edtSRSNu/Gx675gcW6VHwljbUkim6u+JjEbGjKLAdkYUB2bem4j/ee0Uw0s/EypJkSs2WxSmkmBMJs+TntCcoRxZQpkW9lbCBlRThjaiog3Bm395kTROK955xbs7K1ev8jgKcAhHcAIeXEAVbqEGdWAg4Rle4c15cF6cd+dj1rrk5DMH8AfO5w+XfY+u</latexit>

�x
<latexit sha1_base64="csmFesYahevgp3cB9QqtS/FHvVo=">AAACJnicbZBNS8MwGMdTX+d8q3r0EhyCp9GKqJfBUA8eJ7gXWMtIs3QLS9OSpLJS+mm8+FW8eJiIePOjmG4VdfOBwI///3mSPH8vYlQqy/owlpZXVtfWSxvlza3tnV1zb78lw1hg0sQhC0XHQ5IwyklTUcVIJxIEBR4jbW90nfvtByIkDfm9SiLiBmjAqU8xUlrqmTXnhjCFYAJrsEBfI3R8gXDqREgoihj0sx8eZ9+d455ZsarWtOAi2AVUQFGNnjlx+iGOA8IVZkjKrm1Fyk3zmzEjWdmJJYkQHqEB6WrkKCDSTadrZvBYK33oh0IfruBU/T2RokDKJPB0Z4DUUM57ufif142Vf+mmlEexIhzPHvJjBlUI88xgnwqCFUs0ICyo/ivEQ6QDUjrZsg7Bnl95EVqnVfu8at+dVepXRRwlcAiOwAmwwQWog1vQAE2AwSN4BhPwajwZL8ab8T5rXTKKmQPwp4zPLyxwpG4=</latexit>

�y = �f =
@f

@x
�x

<latexit sha1_base64="qx0p1mJmxAT+p//zUtlcvQlWNZo=">AAACKHicbVDLSsNAFJ34tr6qLt0MFsFVSUTUjSjqwmUFawtJKJPpTTs4eTBzIy0hn+PGX3Ejoki3fonTGvB5YOBwzj3cuSdIpdBo2yNranpmdm5+YbGytLyyulZd37jRSaY4NHkiE9UOmAYpYmiiQAntVAGLAgmt4PZ87LfuQGmRxNc4TMGPWC8WoeAMjdSpnngXIJHRkB5T6kkI0fVCxXjupUyhYJKGxRcfFNRTotdHv4wNOtWaXbcnoH+JU5IaKdHoVJ+9bsKzCGLkkmntOnaKfj5ewCUUFS/TkDJ+y3rgGhqzCLSfTw4t6I5RujRMlHkx0on6PZGzSOthFJjJiGFf//bG4n+em2F45OciTjOEmH8uCjNJMaHj1mhXKOAoh4YwroT5K+V9ZnpC023FlOD8PvkvudmrOwd152q/dnpW1rFAtsg22SUOOSSn5JI0SJNwck8eyQt5tR6sJ+vNGn2OTlllZpP8gPX+AZ4tpl8=</latexit>

�f =


@f

@x

�
�x

<latexit sha1_base64="tEE2grLMWx9bvVO/kJUERMf5rw0=">AAACS3icfZBLSwMxFIUz1Wqtr6pLN8EiCEKZEVE3QlEXLivYB3RKyaSZNpjJDMkdsQz9f27cuPNPuHGhiAsz7YC1FS8EPs69Jzc5XiS4Btt+sXILi/ml5cJKcXVtfWOztLXd0GGsKKvTUISq5RHNBJesDhwEa0WKkcATrOndXab95j1TmofyFoYR6wSkL7nPKQEjdUveOXZ9RWjiRkQBJwL7ox9+6Doj7F4xASRlfIhd2gtBp/CfS065zJKyXbHHhefByaCMsqp1S89uL6RxwCRQQbRuO3YEnSS9nQo2KrqxZhGhd6TP2gYlCZjuJOMsRnjfKD3sh8ocCXisTjsSEmg9DDwzGRAY6NleKv7Va8fgn3USLqMYmKSTRX4sMIQ4DRb3uGIUxNAAoYqbt2I6ICYkMPEXTQjO7JfnoXFUcU4qzs1xuXqRxVFAu2gPHSAHnaIqukY1VEcUPaJX9I4+rCfrzfq0viajOSvz7KBflct/A3Trsxg=</latexit>

=
@f

@x1
�x1 + · · ·+ @f

@xn
�xn

<latexit sha1_base64="CH/uKYto6b8K0oa6Jd+i09GqJcc=">AAAB9XicbVDLSsNAFL2pr1pfUZduBovgqiQi6rLoxmUV+4A2LZPppB06mYSZiVJC/sONC0Xc+i/u/BsnbRbaemDgcM693DPHjzlT2nG+rdLK6tr6RnmzsrW9s7tn7x+0VJRIQpsk4pHs+FhRzgRtaqY57cSS4tDntO1PbnK//UilYpF40NOYeiEeCRYwgrWR+r0Q67Hvp/dZPxXZwK46NWcGtEzcglShQGNgf/WGEUlCKjThWKmu68TaS7HUjHCaVXqJojEmEzyiXUMFDqny0lnqDJ0YZYiCSJonNJqpvzdSHCo1DX0zmadUi14u/ud1Ex1ceSkTcaKpIPNDQcKRjlBeARoySYnmU0MwkcxkRWSMJSbaFFUxJbiLX14mrbOae1Fz786r9euijjIcwTGcgguXUIdbaEATCEh4hld4s56sF+vd+piPlqxi5xD+wPr8ARNVkuQ=</latexit>

Rn<latexit sha1_base64="RxXBI2R/G2Sgk+2sYjF30k/QpIA=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5dV7APaacmkaRuaZIYko5Rh/sONC0Xc+i/u/Bsz7Sy09UDgcM693JMTRJxp47rfTmFldW19o7hZ2tre2d0r7x80dRgrQhsk5KFqB1hTziRtGGY4bUeKYhFw2gomN5nfeqRKs1A+mGlEfYFHkg0ZwcZKva7AZhwEyX3aS0TaL1fcqjsDWiZeTiqQo94vf3UHIYkFlYZwrHXHcyPjJ1gZRjhNS91Y0wiTCR7RjqUSC6r9ZJY6RSdWGaBhqOyTBs3U3xsJFlpPRWAns5R60cvE/7xObIZXfsJkFBsqyfzQMObIhCirAA2YosTwqSWYKGazIjLGChNjiyrZErzFLy+T5lnVu6h6d+eV2nVeRxGO4BhOwYNLqMEt1KEBBBQ8wyu8OU/Oi/PufMxHC06+cwh/4Hz+ABHQkuM=</latexit>

Rm
<latexit sha1_base64="ctajA+Ew79AFF9gq5hDForI4aIg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzOmM8A==</latexit>

f
<latexit sha1_base64="0XzClLy6+EJWo/gtCx2w13PMkno=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2AdinZNNuGJtklyYpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hkUlh9Oh+UK27NnQOtEi8nFcjRHJS/+sOIJIJKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGepRILqv10fusMnVlliMJI2ZIGzdXfEykWWk9FYDsFNmO97GXif14vMeG1nzIZJ4ZKslgUJhyZCGWPoyFTlBg+tQQTxeytiIyxwsTYeEo2BG/55VXSvqh5lzXvvl5p3ORxFOEETqEKHlxBA+6gCS0gMIZneIU3RzgvzrvzsWgtOPnMMfyB8/kDbleN1w==</latexit>

f(x)
<latexit sha1_base64="Q07TjtbmaUB2B1osmd0oDXdmKio=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWMF+wFtKJvtpl262cTdiVhC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e03TJxqxusslrFuBdRwKRSvo0DJW4nmNAokbwbD64nffOTaiFjd4yjhfkT7SoSCUbRSq3PDJVLy1C2V3Yo7BVkkXk7KkKPWLX11ejFLI66QSWpM23MT9DOqUTDJx8VOanhC2ZD2edtSRSNu/Gx675gcW6VHwljbUkim6u+JjEbGjKLAdkYUB2bem4j/ee0Uw0s/EypJkSs2WxSmkmBMJs+TntCcoRxZQpkW9lbCBlRThjaiog3Bm395kTROK955xbs7K1ev8jgKcAhHcAIeXEAVbqEGdWAg4Rle4c15cF6cd+dj1rrk5DMH8AfO5w+XfY+u</latexit>

�x
<latexit sha1_base64="hEulwBiFVIDy4A7WGU/UUmDT/JA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNRDx4r2A9oQ9lsJ+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1Fip3b1FYSgJe+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7N7J+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm0+dJnytkRowtoUxxeythQ6ooMzaikg3BW3x5mTTPqt5F1bs/r9Su8ziKcATHcAoeXEIN7qAODWAg4Ble4c15dF6cd+dj3lpw8plD+APn8wd8NY+c</latexit>

�f

<latexit sha1_base64="qx0p1mJmxAT+p//zUtlcvQlWNZo=">AAACKHicbVDLSsNAFJ34tr6qLt0MFsFVSUTUjSjqwmUFawtJKJPpTTs4eTBzIy0hn+PGX3Ejoki3fonTGvB5YOBwzj3cuSdIpdBo2yNranpmdm5+YbGytLyyulZd37jRSaY4NHkiE9UOmAYpYmiiQAntVAGLAgmt4PZ87LfuQGmRxNc4TMGPWC8WoeAMjdSpnngXIJHRkB5T6kkI0fVCxXjupUyhYJKGxRcfFNRTotdHv4wNOtWaXbcnoH+JU5IaKdHoVJ+9bsKzCGLkkmntOnaKfj5ewCUUFS/TkDJ+y3rgGhqzCLSfTw4t6I5RujRMlHkx0on6PZGzSOthFJjJiGFf//bG4n+em2F45OciTjOEmH8uCjNJMaHj1mhXKOAoh4YwroT5K+V9ZnpC023FlOD8PvkvudmrOwd152q/dnpW1rFAtsg22SUOOSSn5JI0SJNwck8eyQt5tR6sJ+vNGn2OTlllZpP8gPX+AZ4tpl8=</latexit>

�f =


@f

@x

�
�x

<latexit sha1_base64="8yaoKCskarkczxuKjVJDmOoaVJQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRiyhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD6DGNAg==</latexit>x

<latexit sha1_base64="8yaoKCskarkczxuKjVJDmOoaVJQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRiyhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD6DGNAg==</latexit>x

…partial

derivative


rule

row vector

Vector 
perturbation

<latexit sha1_base64="E5Zgt/2NsW776rQp74G7ThGmGdU=">AAACDXicbVBNS8NAEN34WetX1KOXxSp4KomIiqeiF49V7Ac0pWy2m3bpJht2J0oJ/QNe/CtePCji1bs3/42bNofa+mDg8d4MM/P8WHANjvNjLSwuLa+sFtaK6xubW9v2zm5dy0RRVqNSSNX0iWaCR6wGHARrxoqR0Bes4Q+uM7/xwJTmMrqHYczaIelFPOCUgJE69mFwib2QQN/307sR9hTv9YEoJR+n5I5dcsrOGHieuDkpoRzVjv3tdSVNQhYBFUTrluvE0E6JAk4FGxW9RLOY0AHpsZahEQmZbqfjb0b4yChdHEhlKgI8VqcnUhJqPQx905ldqGe9TPzPayUQXLRTHsUJsIhOFgWJwCBxFg3ucsUoiKEhhCpubsW0TxShYAIsmhDc2ZfnSf2k7J6V3dvTUuUqj6OA9tEBOkYuOkcVdIOqqIYoekIv6A29W8/Wq/VhfU5aF6x8Zg/9gfX1C5Hrm+Y=</latexit>

f : R ! R

<latexit sha1_base64="DpH12tSY9u0ZojKHFLJQR1zR3es=">AAACD3icbVC7TsMwFHXKq5RXgJHFogIxVQlCgJgqWBgLog+pCZXjOq1Vx45sB1RF/QMWfoWFAYRYWdn4G5w2Q2k50pWOzrlX994TxIwq7Tg/VmFhcWl5pbhaWlvf2Nyyt3caSiQSkzoWTMhWgBRhlJO6ppqRViwJigJGmsHgKvObD0QqKvidHsbEj1CP05BipI3UsQ/DC+hFSPeDIL0d3XPoSdrraySleJwyOnbZqThjwHni5qQMctQ69rfXFTiJCNeYIaXarhNrP0VSU8zIqOQlisQID1CPtA3lKCLKT8f/jOCBUbowFNIU13CsTk+kKFJqGAWmM7tQzXqZ+J/XTnR47qeUx4kmHE8WhQmDWsAsHNilkmDNhoYgLKm5FeI+kghrE2HJhODOvjxPGscV97Ti3pyUq5d5HEWwB/bBEXDBGaiCa1ADdYDBE3gBb+DderZerQ/rc9JasPKZXfAH1tcvLiecxg==</latexit>

f : Rn ! R

<latexit sha1_base64="csmFesYahevgp3cB9QqtS/FHvVo=">AAACJnicbZBNS8MwGMdTX+d8q3r0EhyCp9GKqJfBUA8eJ7gXWMtIs3QLS9OSpLJS+mm8+FW8eJiIePOjmG4VdfOBwI///3mSPH8vYlQqy/owlpZXVtfWSxvlza3tnV1zb78lw1hg0sQhC0XHQ5IwyklTUcVIJxIEBR4jbW90nfvtByIkDfm9SiLiBmjAqU8xUlrqmTXnhjCFYAJrsEBfI3R8gXDqREgoihj0sx8eZ9+d455ZsarWtOAi2AVUQFGNnjlx+iGOA8IVZkjKrm1Fyk3zmzEjWdmJJYkQHqEB6WrkKCDSTadrZvBYK33oh0IfruBU/T2RokDKJPB0Z4DUUM57ufif142Vf+mmlEexIhzPHvJjBlUI88xgnwqCFUs0ICyo/ivEQ6QDUjrZsg7Bnl95EVqnVfu8at+dVepXRRwlcAiOwAmwwQWog1vQAE2AwSN4BhPwajwZL8ab8T5rXTKKmQPwp4zPLyxwpG4=</latexit>

�y = �f =
@f

@x
�x

<latexit sha1_base64="DxH0qvwiTe7mO1O1qDQxmcV7eKw="></latexit>

�f =


@f

@x1
· · · @f

@xn

�
�x

<latexit sha1_base64="Zi4PTC055HwPPiyLOeXqkZn3VNM=">AAACKXicbVDLSsNAFJ34rPVVdelmsAiuSiKiLou6cFnBVqEpYTK5qYOTSZi5KS2hv+PGX3GjoKhbf8RpreLrwMDhnHuYe0+YSWHQdV+cqemZ2bn50kJ5cWl5ZbWytt4yaa45NHkqU30ZMgNSKGiiQAmXmQaWhBIuwuvjkX/RA21Eqs5xkEEnYV0lYsEZWimo1P0QukIVYcJQi/6Q+icgkdF+4FHfp34vStGM2aeuqA8q+goElapbc8egf4k3IVUyQSOoPPhRyvMEFHLJjGl7boadgmkUXMKw7OcGMsavWRfaliqWgOkU40uHdNsqEY1TbZ9COla/JwqWGDNIQjtp97syv72R+J/XzjE+7BRCZTmC4h8fxbmkmNJRbTQSGjjKgSWMa2F3pfyKacbRllu2JXi/T/5LWrs1b7/mne1V60eTOkpkk2yRHeKRA1Inp6RBmoSTG3JHHsmTc+vcO8/O68folDPJbJAfcN7eAZUPptg=</latexit>2

64
�x1
...

�xn

3

75

<latexit sha1_base64="qx0p1mJmxAT+p//zUtlcvQlWNZo=">AAACKHicbVDLSsNAFJ34tr6qLt0MFsFVSUTUjSjqwmUFawtJKJPpTTs4eTBzIy0hn+PGX3Ejoki3fonTGvB5YOBwzj3cuSdIpdBo2yNranpmdm5+YbGytLyyulZd37jRSaY4NHkiE9UOmAYpYmiiQAntVAGLAgmt4PZ87LfuQGmRxNc4TMGPWC8WoeAMjdSpnngXIJHRkB5T6kkI0fVCxXjupUyhYJKGxRcfFNRTotdHv4wNOtWaXbcnoH+JU5IaKdHoVJ+9bsKzCGLkkmntOnaKfj5ewCUUFS/TkDJ+y3rgGhqzCLSfTw4t6I5RujRMlHkx0on6PZGzSOthFJjJiGFf//bG4n+em2F45OciTjOEmH8uCjNJMaHj1mhXKOAoh4YwroT5K+V9ZnpC023FlOD8PvkvudmrOwd152q/dnpW1rFAtsg22SUOOSSn5JI0SJNwck8eyQt5tR6sJ+vNGn2OTlllZpP8gPX+AZ4tpl8=</latexit>

�f =


@f

@x

�
�x

<latexit sha1_base64="CH/uKYto6b8K0oa6Jd+i09GqJcc=">AAAB9XicbVDLSsNAFL2pr1pfUZduBovgqiQi6rLoxmUV+4A2LZPppB06mYSZiVJC/sONC0Xc+i/u/BsnbRbaemDgcM693DPHjzlT2nG+rdLK6tr6RnmzsrW9s7tn7x+0VJRIQpsk4pHs+FhRzgRtaqY57cSS4tDntO1PbnK//UilYpF40NOYeiEeCRYwgrWR+r0Q67Hvp/dZPxXZwK46NWcGtEzcglShQGNgf/WGEUlCKjThWKmu68TaS7HUjHCaVXqJojEmEzyiXUMFDqny0lnqDJ0YZYiCSJonNJqpvzdSHCo1DX0zmadUi14u/ud1Ex1ceSkTcaKpIPNDQcKRjlBeARoySYnmU0MwkcxkRWSMJSbaFFUxJbiLX14mrbOae1Fz786r9euijjIcwTGcgguXUIdbaEATCEh4hld4s56sF+vd+piPlqxi5xD+wPr8ARNVkuQ=</latexit>

Rn
<latexit sha1_base64="ctajA+Ew79AFF9gq5hDForI4aIg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUCPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBzOmM8A==</latexit>

f
<latexit sha1_base64="0XzClLy6+EJWo/gtCx2w13PMkno=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2AdinZNNuGJtklyYpl6V/w4kERr/4hb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hkUlh9Oh+UK27NnQOtEi8nFcjRHJS/+sOIJIJKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGepRILqv10fusMnVlliMJI2ZIGzdXfEykWWk9FYDsFNmO97GXif14vMeG1nzIZJ4ZKslgUJhyZCGWPoyFTlBg+tQQTxeytiIyxwsTYeEo2BG/55VXSvqh5lzXvvl5p3ORxFOEETqEKHlxBA+6gCS0gMIZneIU3RzgvzrvzsWgtOPnMMfyB8/kDbleN1w==</latexit>

f(x)

<latexit sha1_base64="Q07TjtbmaUB2B1osmd0oDXdmKio=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWMF+wFtKJvtpl262cTdiVhC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e03TJxqxusslrFuBdRwKRSvo0DJW4nmNAokbwbD64nffOTaiFjd4yjhfkT7SoSCUbRSq3PDJVLy1C2V3Yo7BVkkXk7KkKPWLX11ejFLI66QSWpM23MT9DOqUTDJx8VOanhC2ZD2edtSRSNu/Gx675gcW6VHwljbUkim6u+JjEbGjKLAdkYUB2bem4j/ee0Uw0s/EypJkSs2WxSmkmBMJs+TntCcoRxZQpkW9lbCBlRThjaiog3Bm395kTROK955xbs7K1ev8jgKcAhHcAIeXEAVbqEGdWAg4Rle4c15cF6cd+dj1rrk5DMH8AfO5w+XfY+u</latexit>

�x
<latexit sha1_base64="qx0p1mJmxAT+p//zUtlcvQlWNZo=">AAACKHicbVDLSsNAFJ34tr6qLt0MFsFVSUTUjSjqwmUFawtJKJPpTTs4eTBzIy0hn+PGX3Ejoki3fonTGvB5YOBwzj3cuSdIpdBo2yNranpmdm5+YbGytLyyulZd37jRSaY4NHkiE9UOmAYpYmiiQAntVAGLAgmt4PZ87LfuQGmRxNc4TMGPWC8WoeAMjdSpnngXIJHRkB5T6kkI0fVCxXjupUyhYJKGxRcfFNRTotdHv4wNOtWaXbcnoH+JU5IaKdHoVJ+9bsKzCGLkkmntOnaKfj5ewCUUFS/TkDJ+y3rgGhqzCLSfTw4t6I5RujRMlHkx0on6PZGzSOthFJjJiGFf//bG4n+em2F45OciTjOEmH8uCjNJMaHj1mhXKOAoh4YwroT5K+V9ZnpC023FlOD8PvkvudmrOwd152q/dnpW1rFAtsg22SUOOSSn5JI0SJNwck8eyQt5tR6sJ+vNGn2OTlllZpP8gPX+AZ4tpl8=</latexit>

�f =


@f

@x

�
�x

<latexit sha1_base64="8yaoKCskarkczxuKjVJDmOoaVJQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRiyhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD6DGNAg==</latexit>x

Vector Derivatives: 

scalar functions

vector functions

<latexit sha1_base64="pPvKUAQ30cze3g1V+qLz50qHa6w=">AAACEXicbVC7TsMwFHXKq5RXgJHFokLqVCUIAWKqYGEsiD6kJlSO67RWbSeyHVAV9RdY+BUWBhBiZWPjb3DaDKXlSFc6Oude3XtPEDOqtOP8WIWl5ZXVteJ6aWNza3vH3t1rqiiRmDRwxCLZDpAijArS0FQz0o4lQTxgpBUMrzK/9UCkopG406OY+Bz1BQ0pRtpIXbsSXkCPIz0IgvR2fC+gJ2l/oJGU0eOswbt22ak6E8BF4uakDHLUu/a314twwonQmCGlOq4Taz9FUlPMyLjkJYrECA9Rn3QMFYgT5aeTj8bwyCg9GEbSlNBwos5OpIgrNeKB6cxuVPNeJv7ndRIdnvspFXGiicDTRWHCoI5gFg/sUUmwZiNDEJbU3ArxAEmEtQmxZEJw519eJM3jqntadW9OyrXLPI4iOACHoAJccAZq4BrUQQNg8ARewBt4t56tV+vD+py2Fqx8Zh/8gfX1C8oOnaU=</latexit>

f : Rn ! Rm

<latexit sha1_base64="lKOcC77Z1wiiOyXyVq2kpY/TFzk="></latexit>2

64

@f1
@x1

· · · @f1
@xn

...
...

@fm
@x1

· · · @fm
@xn

3

75

<latexit sha1_base64="Zi4PTC055HwPPiyLOeXqkZn3VNM=">AAACKXicbVDLSsNAFJ34rPVVdelmsAiuSiKiLou6cFnBVqEpYTK5qYOTSZi5KS2hv+PGX3GjoKhbf8RpreLrwMDhnHuYe0+YSWHQdV+cqemZ2bn50kJ5cWl5ZbWytt4yaa45NHkqU30ZMgNSKGiiQAmXmQaWhBIuwuvjkX/RA21Eqs5xkEEnYV0lYsEZWimo1P0QukIVYcJQi/6Q+icgkdF+4FHfp34vStGM2aeuqA8q+goElapbc8egf4k3IVUyQSOoPPhRyvMEFHLJjGl7boadgmkUXMKw7OcGMsavWRfaliqWgOkU40uHdNsqEY1TbZ9COla/JwqWGDNIQjtp97syv72R+J/XzjE+7BRCZTmC4h8fxbmkmNJRbTQSGjjKgSWMa2F3pfyKacbRllu2JXi/T/5LWrs1b7/mne1V60eTOkpkk2yRHeKRA1Inp6RBmoSTG3JHHsmTc+vcO8/O68folDPJbJAfcN7eAZUPptg=</latexit>2

64
�x1
...

�xn

3

75
<latexit sha1_base64="qx0p1mJmxAT+p//zUtlcvQlWNZo=">AAACKHicbVDLSsNAFJ34tr6qLt0MFsFVSUTUjSjqwmUFawtJKJPpTTs4eTBzIy0hn+PGX3Ejoki3fonTGvB5YOBwzj3cuSdIpdBo2yNranpmdm5+YbGytLyyulZd37jRSaY4NHkiE9UOmAYpYmiiQAntVAGLAgmt4PZ87LfuQGmRxNc4TMGPWC8WoeAMjdSpnngXIJHRkB5T6kkI0fVCxXjupUyhYJKGxRcfFNRTotdHv4wNOtWaXbcnoH+JU5IaKdHoVJ+9bsKzCGLkkmntOnaKfj5ewCUUFS/TkDJ+y3rgGhqzCLSfTw4t6I5RujRMlHkx0on6PZGzSOthFJjJiGFf//bG4n+em2F45OciTjOEmH8uCjNJMaHj1mhXKOAoh4YwroT5K+V9ZnpC023FlOD8PvkvudmrOwd152q/dnpW1rFAtsg22SUOOSSn5JI0SJNwck8eyQt5tR6sJ+vNGn2OTlllZpP8gPX+AZ4tpl8=</latexit>

�f =


@f

@x

�
�x

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

<latexit sha1_base64="vUakt+7dOmVfeFDnAPPAkP4hsn4=">AAACC3icbVDLSsNAFL3xWeMr6tLN0CK4KomIuiy6cVnBPqANYTKdtEMnD2YmYgnZu/FX3LhQxK0/4M6/cdIG1NYDA2fOuffO3OMnnEll21/G0vLK6tp6ZcPc3Nre2bX29tsyTgWhLRLzWHR9LClnEW0ppjjtJoLi0Oe044+vCr9zR4VkcXSrJgl1QzyMWMAIVlryrKrZV4HAJOsnWCiGOQo8B+U/1/vcs2p23Z4CLRKnJDUo0fSsz/4gJmlII0U4lrLn2Ilys2Ig4TQ3+6mkCSZjPKQ9TSMcUulm011ydKSVAQpioU+k0FT93ZHhUMpJ6OvKEKuRnPcK8T+vl6rgws1YlKSKRmT2UJBypGJUBIMGTFCi+EQTTATTf0VkhHU0Ssdn6hCc+ZUXSfuk7pzVnZvTWuOyjKMCh1CFY3DgHBpwDU1oAYEHeIIXeDUejWfjzXiflS4ZZc8B/IHx8Q2enprL</latexit>

@f1
@x

<latexit sha1_base64="cLszzfBfnsYzJDQXX0PMrtUd7tw=">AAACC3icbVDLSsNAFL3xWeMr6tLN0CK4KomIuiy6cVnBPqANYTKdtEMnD2YmYgnZu/FX3LhQxK0/4M6/cdIG1NYDA2fOuffO3OMnnEll21/G0vLK6tp6ZcPc3Nre2bX29tsyTgWhLRLzWHR9LClnEW0ppjjtJoLi0Oe044+vCr9zR4VkcXSrJgl1QzyMWMAIVlryrKrZV4HAJOsnWCiGOQpQ/nO595zcs2p23Z4CLRKnJDUo0fSsz/4gJmlII0U4lrLn2Ilys2Ik4TQ3+6mkCSZjPKQ9TSMcUulm011ydKSVAQpioU+k0FT93ZHhUMpJ6OvKEKuRnPcK8T+vl6rgws1YlKSKRmT2UJBypGJUBIMGTFCi+EQTTATTf0VkhHU0Ssdn6hCc+ZUXSfuk7pzVnZvTWuOyjKMCh1CFY3DgHBpwDU1oAYEHeIIXeDUejWfjzXiflS4ZZc8B/IHx8Q2hQJrL</latexit>

@f
@x1

<latexit sha1_base64="yDADg8xcrbnOBlUoMnZmjZlaZVA="></latexit>2

4
|
@f
@x1

|

3

5

<latexit sha1_base64="QhZfBrYCQaBUKI+OT9k1YpD2L8o="></latexit>2

4
|
@f
@xn

|

3

5
<latexit sha1_base64="GSRoJusrJZSwIAkJvKB54VqtoCI=">AAAB/3icbVDLSsNAFJ34rPEVFdy4GSyCUCiJiLos6sJlBfuAJoTJZNIOnTyYuRFL7cJfceNCEbf+hjv/xmmbhbYeuHA4517uvSfIBFdg29/GwuLS8spqac1c39jc2rZ2dpsqzSVlDZqKVLYDopjgCWsAB8HamWQkDgRrBf2rsd+6Z1LxNLmDQca8mHQTHnFKQEu+tW+610wAwQ++gyvYpWEKCld8q2xX7QnwPHEKUkYF6r715YYpzWOWABVEqY5jZ+ANiQROBRuZbq5YRmifdFlH04TETHnDyf0jfKSVEEep1JUAnqi/J4YkVmoQB7ozJtBTs95Y/M/r5BBdeEOeZDmwhE4XRbnAkOJxGDjkklEQA00IlVzfimmPSEJBR2bqEJzZl+dJ86TqnFWd29Ny7bKIo4QO0CE6Rg46RzV0g+qogSh6RM/oFb0ZT8aL8W58TFsXjGJmD/2B8fkDDnqUNA==</latexit>

�x1 + · · ·+
<latexit sha1_base64="TwY7xWG2khpjY5iYN4KkWFo3YLc=">AAAB8nicbVBNS8NAEN3Urxq/qh69LBbBU0lE1GNRDx4r2A9IQ9lsN+3SzW7YnYgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5USq4Ac/7dkorq2vrG+VNd2t7Z3evsn/QMirTlDWpEkp3ImKY4JI1gYNgnVQzkkSCtaPRzdRvPzJtuJIPME5ZmJCB5DGnBKwUuN1bJoDgp57sVapezZsBLxO/IFVUoNGrfHX7imYJk0AFMSbwvRTCnGjgVLCJ280MSwkdkQELLJUkYSbMZydP8IlV+jhW2pYEPFN/T+QkMWacRLYzITA0i95U/M8LMoivwpzLNAMm6XxRnAkMCk//x32uGQUxtoRQze2tmA6JJhRsSq4NwV98eZm0zmr+Rc2/P6/Wr4s4yugIHaNT5KNLVEd3qIGaiCKFntErenPAeXHenY95a8kpZg7RHzifP1LSkKM=</latexit>

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

<latexit sha1_base64="7hvq+0SKO/BcFe0/vtMX3UHcDOA="></latexit>2

64

@f1
@x �x

...
@f1
@x �x

3

75
<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=



Linearization

…around Equilibrium: 

Dynamics
<latexit sha1_base64="5CjdKSMk8YI6cDTfaiwo+qTWuQ8=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAYhXsKuiHoRgl48RjAPSEKYncwmQ2YfzPRK4pIv8eJBEa9+ijf/xkmyB00saCiqume6y4ul0Og439bK6tr6xmZuK7+9s7tXsPcP6jpKFOM1FslINT2quRQhr6FAyZux4jTwJG94w9up33jkSosofMBxzDsB7YfCF4yikbp2od2LMB1NyDXxS6NT0rWLTtmZgSwTNyNFyFDt2l/mBZYEPEQmqdYt14mxk1KFgkk+ybcTzWPKhrTPW4aGNOC6k84Wn5ATo/SIHylTIZKZ+nsipYHW48AznQHFgV70puJ/XitB/6qTijBOkIds/pGfSIIRmaZAekJxhnJsCGVKmF0JG1BFGZqs8iYEd/HkZVI/K7sXZff+vFi5yeLIwREcQwlcuIQK3EEVasAggWd4hTfryXqx3q2PeeuKlc0cwh9Ynz85F5Im</latexit>

ẋ = f(x)

<latexit sha1_base64="Xlf5hjTVaC9pghaF2Ffi6ra0MdI=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyKqBch6MVjBPOAJITZyWwyZHZ2nekVw5Kf8OJBEa/+jjf/xkmyB00saCiquunu8mMpDLrut7O0vLK6tp7byG9ube/sFvb26yZKNOM1FslIN31quBSK11Cg5M1Ycxr6kjf84c3EbzxybUSk7nEU805I+0oEglG0UjMoPZ2QK+J2C0W37E5BFomXkSJkqHYLX+1exJKQK2SSGtPy3Bg7KdUomOTjfDsxPKZsSPu8ZamiITeddHrvmBxbpUeCSNtSSKbq74mUhsaMQt92hhQHZt6biP95rQSDy04qVJwgV2y2KEgkwYhMnic9oTlDObKEMi3srYQNqKYMbUR5G4I3//IiqZ+WvfOyd3dWrFxnceTgEI6gBB5cQAVuoQo1YCDhGV7hzXlwXpx352PWuuRkMwfwB87nDw4Tjqw=</latexit>

f(x) = 0

<latexit sha1_base64="mQ+b53vqlLJhse5/dN522lqI37U=">AAACD3icbVDLSgMxFM3UV62vUZdugkWpFMqMiLoRirpwWcE+oC0lk2ba0MyD5I60DPMHbvwVNy4UcevWnX9j2o6grQdCTs65N8k9Tii4Asv6MjILi0vLK9nV3Nr6xuaWub1TU0EkKavSQASy4RDFBPdZFTgI1gglI54jWN0ZXI39+j2Tigf+HYxC1vZIz+cupwS01DEPW90A4mFSnOytayaA4GGCL7BbGBZ/zkcdM2+VrAnwPLFTkkcpKh3zU19II4/5QAVRqmlbIbRjIoFTwZJcK1IsJHRAeqypqU88ptrxZJ4EH2ili91A6uUDnqi/O2LiKTXyHF3pEeirWW8s/uc1I3DP2zH3wwiYT6cPuZHAEOBxOLjLJaMgRpoQKrn+K6Z9IgkFHWFOh2DPjjxPascl+7Rk357ky5dpHFm0h/ZRAdnoDJXRDaqgKqLoAT2hF/RqPBrPxpvxPi3NGGnPLvoD4+MbaQybmQ==</latexit>

ẋ+ �̇x = f(x+�x)
<latexit sha1_base64="BIH5FSB6ZxIcDITc9WyNoRUPyhg="></latexit>

ẋ+ �̇x = f(x) +


@f

@x

�
�x

0
<latexit sha1_base64="bw1u7P7Zp7OOD1ais8YxPCkTkGI="></latexit>

�̇x =


@f

@x

�
�x

<latexit sha1_base64="8yaoKCskarkczxuKjVJDmOoaVJQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRiyhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD6DGNAg==</latexit>x

<latexit sha1_base64="8yaoKCskarkczxuKjVJDmOoaVJQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRiyhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD6DGNAg==</latexit>x

<latexit sha1_base64="v8dC06wjwKjPioExaKBN1kFzl04=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KomIuiy6cVnFPqCJZTKdtEMnkzAzkZaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY86Utu1va2V1bX1js7RV3t7Z3duvHFTbKkokoS0S8Uh2fawoZ4K2NNOcdmNJcehz2vHHN7nfeaJSsUg86GlMvRAPBQsYwdpI/Up1glwmkBtiPfL99D57NGLNrtszoGXiFKQGBZr9ypc7iEgSUqEJx0r1HDvWXoqlZoTTrOwmisaYjPGQ9gwVOKTKS2fZM3RilAEKImme0Gim/t5IcajUNPTNZJ5RLXq5+J/XS3Rw5aVMxImmgswPBQlHOkJ5EWjAJCWaTw3BRDKTFZERlphoU1fZlOAsfnmZtM/qzkXduTuvNa6LOkpwBMdwCg5cQgNuoQktIDCBZ3iFNyuzXqx362M+umIVO4fwB9bnD6G9lDA=</latexit>

x 2 Rn

…around Trajectory

<latexit sha1_base64="1UhKOah8U4+2/Qbqq5oirJ4NMOI=">AAACIXicbVDLSgMxFM3UV62vqks3wSK0FMqMiHYjFHXhsoJ9QGcomTTThmYeJHekZeivuPFX3LhQpDvxZ8y0XWjrgcC559yb5B43ElyBaX4ZmbX1jc2t7HZuZ3dv/yB/eNRUYSwpa9BQhLLtEsUED1gDOAjWjiQjvitYyx3epn7riUnFw+ARxhFzfNIPuMcpAS1181W7F0IymhShhMt4Vth3TACZ4FGq4Wvs2S7vF0e4PDfwKK1L3XzBrJgz4FViLUgBLVDv5qf6dhr7LAAqiFIdy4zASYgETgWb5OxYsYjQIemzjqYB8ZlyktmGE3ymlR72QqlPAHim/p5IiK/U2Hd1p09goJa9VPzP68TgVZ2EB1EMLKDzh7xYYAhxGhfucckoiLEmhEqu/4rpgEhCQYea0yFYyyuvkuZ5xbqsWA8XhdrNIo4sOkGnqIgsdIVq6B7VUQNR9Ixe0Tv6MF6MN+PTmM5bM8Zi5hj9gfH9A9mpoXM=</latexit>

ẋ(t) + �̇x(t) = f
�
x+�x

�

0

<latexit sha1_base64="udbIWCyqgcGdm5N6jTM8ULt+Dmc="></latexit>

ẋ(t) + �̇x(t) = f
�
x
�
+


@f

@x

�

x(t)

�x(t)

<latexit sha1_base64="t6AeKrXbkze51oruUHfYfcrsJbQ="></latexit>

�̇x(t) =


@f

@x

�

x(t)

�x(t)

<latexit sha1_base64="9KnHSHIoOGgp+ngm5C8tPQT5MQY=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEIFaEkIuqxqAePFewHtKFstpt26WYTdifSGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMPD8WXIPjfFu5ldW19Y38ZmFre2e3aO/tN3SUKMrqNBKRavlEM8ElqwMHwVqxYiT0BWv6w5up33xkSvNIPsA4Zl5I+pIHnBIwUtcujvAp7twyAQSPynDStUtOxZkBLxM3IyWUoda1vzq9iCYhk0AF0brtOjF4KVHAqWCTQifRLCZ0SPqsbagkIdNeOjt8go+N0sNBpExJwDP190RKQq3HoW86QwIDvehNxf+8dgLBlZdyGSfAJJ0vChKBIcLTFHCPK0ZBjA0hVHFzK6YDoggFk1XBhOAuvrxMGmcV96Li3p+XqtdZHHl0iI5QGbnoElXRHaqhOqIoQc/oFb1ZT9aL9W59zFtzVjZzgP7A+vwBqciRzQ==</latexit>

x+�x(t)

<latexit sha1_base64="DX3gS+Nph20zMKU09/C5mSbAKR8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEVDwVvXisYj+gDWWz3bRLN5uwOxFL6D/w4kERr/4jb/4bt20OWn0w8Hhvhpl5QSKFQdf9cgpLyyura8X10sbm1vZOeXevaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsYXU/91gPXRsTqHscJ9yM6UCIUjKKV7h4ve+WKW3VnIH+Jl5MK5Kj3yp/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5tdOiFHVumTMNa2FJKZ+nMio5Ex4yiwnRHFoVn0puJ/XifF8MLPhEpS5IrNF4WpJBiT6dukLzRnKMeWUKaFvZWwIdWUoQ2nZEPwFl/+S5onVe+s6t2eVmpXeRxFOIBDOAYPzqEGN1CHBjAI4Qle4NUZOc/Om/M+by04+cw+/ILz8Q1lhI1G</latexit>x :

Perturbed state

Equilibrium:
<latexit sha1_base64="Q07TjtbmaUB2B1osmd0oDXdmKio=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWMF+wFtKJvtpl262cTdiVhC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e03TJxqxusslrFuBdRwKRSvo0DJW4nmNAokbwbD64nffOTaiFjd4yjhfkT7SoSCUbRSq3PDJVLy1C2V3Yo7BVkkXk7KkKPWLX11ejFLI66QSWpM23MT9DOqUTDJx8VOanhC2ZD2edtSRSNu/Gx675gcW6VHwljbUkim6u+JjEbGjKLAdkYUB2bem4j/ee0Uw0s/EypJkSs2WxSmkmBMJs+TntCcoRxZQpkW9lbCBlRThjaiog3Bm395kTROK955xbs7K1ev8jgKcAhHcAIeXEAVbqEGdWAg4Rle4c15cF6cd+dj1rrk5DMH8AfO5w+XfY+u</latexit>

�x

<latexit sha1_base64="PT7XCWfZbLqwWqWGNIrtfe61+Fs=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0lE1GPRi8cK9gPaUDbbTbt0Nwm7E7GU/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUkS8gQIlbyeaUxVI3gpGt5nfeuTaiDh6wHHCfUUHkQgFo5hJTxU865XKbtWdgSwTLydlyFHvlb66/ZilikfIJDWm47kJ+hOqUTDJp8VuanhC2YgOeMfSiCpu/Mns1ik5tUqfhLG2FSGZqb8nJlQZM1aB7VQUh2bRy8T/vE6K4bU/EVGSIo/YfFGYSoIxyR4nfaE5Qzm2hDIt7K2EDammDG08RRuCt/jyMmmeV73Lqnd/Ua7d5HEU4BhOoAIeXEEN7qAODWAwhGd4hTdHOS/Ou/Mxb11x8pkj+APn8weDwY3l</latexit>

x(t)

<latexit sha1_base64="6mGd8KgDS6lh92uVce+XbVKdXWU=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQL2VXRD0W9eCxgv2A7VKyabYNzSZLMiuWpT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMCxPBDbjut1NYWV1b3yhulra2d3b3yvsHLaNSTVmTKqF0JySGCS5ZEzgI1kk0I3EoWDsc3Uz99iPThiv5AOOEBTEZSB5xSsBKfveWCSD4qQqnvXLFrbkz4GXi5aSCcjR65a9uX9E0ZhKoIMb4nptAkBENnAo2KXVTwxJCR2TAfEsliZkJstnJE3xilT6OlLYlAc/U3xMZiY0Zx6HtjAkMzaI3Ff/z/BSiqyDjMkmBSTpfFKUCg8LT/3Gfa0ZBjC0hVHN7K6ZDogkFm1LJhuAtvrxMWmc176Lm3Z9X6td5HEV0hI5RFXnoEtXRHWqgJqJIoWf0it4ccF6cd+dj3lpw8plD9AfO5w86aZCR</latexit>

�x(t)
Nominal Trajectory:

Perturbed Trajectory:

<latexit sha1_base64="9A4uqvmd8j8yfldkXw7rZndR5Cc=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvQbsqMiIogFN24rGAf0A4lk2ba0MyD5I60DN258VfcuFDErb/gzr8x085CW08InJxzb5J73EhwBZb1beSWlldW1/LrhY3Nre0dc3evocJYUlanoQhlyyWKCR6wOnAQrBVJRnxXsKY7vEn95gOTiofBPYwj5vikH3CPUwJa6pqHoxKUL3EnXb0QktFEn/EV9kqpUe6aRatiTYEXiZ2RIspQ65pf+hoa+ywAKohSbduKwEmIBE4FmxQ6sWIRoUPSZ21NA+Iz5STTOSb4WCs97IVS7wDwVP3dkRBfqbHv6kqfwEDNe6n4n9eOwbtwEh5EMbCAzh7yYoEhxGkouMcloyDGmhAquf4rpgMiCQUdXUGHYM+PvEgaJxX7rGLfnRar11kceXSAjlAJ2egcVdEtqqE6ougRPaNX9GY8GS/Gu/ExK80ZWc8++gPj8wfI6Za1</latexit>

x(t) : ẋ(t) = f(x(t))

<latexit sha1_base64="SmcT49bEOj6eOuuChBd5GAA6Rgk=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARKkJJRNRlURcuK9gLtKFMppN26GQSZk6KJfRN3LhQxK1v4s63cdJmoa0/DHz85xzOmd+PBdfgON9WYWV1bX2juFna2t7Z3bP3D5o6ShRlDRqJSLV9opngkjWAg2DtWDES+oK1/NFtVm+NmdI8ko8wiZkXkoHkAacEjNWz7acKnJ5175gAgjPu2WWn6syEl8HNoYxy1Xv2V7cf0SRkEqggWndcJwYvJQo4FWxa6iaaxYSOyIB1DEoSMu2ls8un+MQ4fRxEyjwJeOb+nkhJqPUk9E1nSGCoF2uZ+V+tk0Bw7aVcxgkwSeeLgkRgiHAWA+5zxSiIiQFCFTe3YjokilAwYZVMCO7il5eheV51L6vuw0W5dpPHUURH6BhVkIuuUA3dozpqIIrG6Bm9ojcrtV6sd+tj3lqw8plD9EfW5w+f15Jc</latexit>

x(t) +�x(t)
<latexit sha1_base64="3uY5LHYiRwimo3iGa10Sbzf8RJk=">AAAB/HicbVDLSgMxFM3UV62v0S7dBItQEcqMiLos6sJlBfuAdiiZNNOGZh4kN8Iw1F9x40IRt36IO//GtJ2Fth64cHLOveTe4yeCK3Ccb6uwsrq2vlHcLG1t7+zu2fsHLRVrSVmTxiKWHZ8oJnjEmsBBsE4iGQl9wdr++Gbqtx+ZVDyOHiBNmBeSYcQDTgkYqW+XdRVO8Cnu3TIBBGtsnn274tScGfAycXNSQTkaffurN4ipDlkEVBCluq6TgJcRCZwKNin1tGIJoWMyZF1DIxIy5WWz5Sf42CgDHMTSVAR4pv6eyEioVBr6pjMkMFKL3lT8z+tqCK68jEeJBhbR+UeBFhhiPE0CD7hkFERqCKGSm10xHRFJKJi8SiYEd/HkZdI6q7kXNff+vFK/zuMookN0hKrIRZeoju5QAzURRSl6Rq/ozXqyXqx362PeWrDymTL6A+vzB6IAktQ=</latexit>

u(t) +�u(t)

<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="nzeHdTc6GYXSIa1Z9qZXpeJssHk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeqx68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVb3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5Srt3kcBTiGEzgDD66gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDlNWMyw==</latexit>

A
<latexit sha1_base64="nzeHdTc6GYXSIa1Z9qZXpeJssHk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeqx68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVb3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5Srt3kcBTiGEzgDD66gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDlNWMyw==</latexit>

A
<latexit sha1_base64="nzeHdTc6GYXSIa1Z9qZXpeJssHk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeqx68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVb3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5Srt3kcBTiGEzgDD66gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDlNWMyw==</latexit>

A



<latexit sha1_base64="GPC39IgkBbIJ3R04UtGX6kHx55Y=">AAAB/XicbVDLSgMxFL3js9bX+Ni5CRahBSkzIuqy1I3LCvYB7VAyaaYNzWSGJCPWUvwVNy4Ucet/uPNvzLSz0NYDCSfn3Mu9OX7MmdKO820tLa+srq3nNvKbW9s7u/befkNFiSS0TiIeyZaPFeVM0LpmmtNWLCkOfU6b/vA69Zv3VCoWiTs9iqkX4r5gASNYG6lrHwadKusXH4q6dJqYK32VunbBKTtToEXiZqQAGWpd+6vTi0gSUqEJx0q1XSfW3hhLzQink3wnUTTGZIj7tG2owCFV3ni6/QSdGKWHgkiaIzSaqr87xjhUahT6pjLEeqDmvVT8z2snOrjyxkzEiaaCzAYFCUc6QmkUqMckJZqPDMFEMrMrIgMsMdEmsLwJwZ3/8iJpnJXdi7J7e16oVLM4cnAEx1AEFy6hAjdQgzoQeIRneIU368l6sd6tj1npkpX1HMAfWJ8/EIGTrw==</latexit>

f
⇣
x(t), u(t)

⌘
<latexit sha1_base64="udbIWCyqgcGdm5N6jTM8ULt+Dmc="></latexit>

ẋ(t) + �̇x(t) = f
�
x
�
+


@f

@x

�

x(t)

�x(t)

Linearization - with control

…around Equilibrium: 

Dynamics

<latexit sha1_base64="Q07TjtbmaUB2B1osmd0oDXdmKio=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWMF+wFtKJvtpl262cTdiVhC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e03TJxqxusslrFuBdRwKRSvo0DJW4nmNAokbwbD64nffOTaiFjd4yjhfkT7SoSCUbRSq3PDJVLy1C2V3Yo7BVkkXk7KkKPWLX11ejFLI66QSWpM23MT9DOqUTDJx8VOanhC2ZD2edtSRSNu/Gx675gcW6VHwljbUkim6u+JjEbGjKLAdkYUB2bem4j/ee0Uw0s/EypJkSs2WxSmkmBMJs+TntCcoRxZQpkW9lbCBlRThjaiog3Bm395kTROK955xbs7K1ev8jgKcAhHcAIeXEAVbqEGdWAg4Rle4c15cF6cd+dj1rrk5DMH8AfO5w+XfY+u</latexit>

�x

<latexit sha1_base64="mQ+b53vqlLJhse5/dN522lqI37U=">AAACD3icbVDLSgMxFM3UV62vUZdugkWpFMqMiLoRirpwWcE+oC0lk2ba0MyD5I60DPMHbvwVNy4UcevWnX9j2o6grQdCTs65N8k9Tii4Asv6MjILi0vLK9nV3Nr6xuaWub1TU0EkKavSQASy4RDFBPdZFTgI1gglI54jWN0ZXI39+j2Tigf+HYxC1vZIz+cupwS01DEPW90A4mFSnOytayaA4GGCL7BbGBZ/zkcdM2+VrAnwPLFTkkcpKh3zU19II4/5QAVRqmlbIbRjIoFTwZJcK1IsJHRAeqypqU88ptrxZJ4EH2ili91A6uUDnqi/O2LiKTXyHF3pEeirWW8s/uc1I3DP2zH3wwiYT6cPuZHAEOBxOLjLJaMgRpoQKrn+K6Z9IgkFHWFOh2DPjjxPascl+7Rk357ky5dpHFm0h/ZRAdnoDJXRDaqgKqLoAT2hF/RqPBrPxpvxPi3NGGnPLvoD4+MbaQybmQ==</latexit>

ẋ+ �̇x = f(x+�x)
<latexit sha1_base64="BIH5FSB6ZxIcDITc9WyNoRUPyhg="></latexit>

ẋ+ �̇x = f(x) +


@f

@x

�
�x

0
<latexit sha1_base64="bw1u7P7Zp7OOD1ais8YxPCkTkGI="></latexit>

�̇x =


@f

@x

�
�x

<latexit sha1_base64="8yaoKCskarkczxuKjVJDmOoaVJQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRiyhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD6DGNAg==</latexit>x

<latexit sha1_base64="8yaoKCskarkczxuKjVJDmOoaVJQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRiyhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD6DGNAg==</latexit>x

<latexit sha1_base64="v8dC06wjwKjPioExaKBN1kFzl04=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KomIuiy6cVnFPqCJZTKdtEMnkzAzkZaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY86Utu1va2V1bX1js7RV3t7Z3duvHFTbKkokoS0S8Uh2fawoZ4K2NNOcdmNJcehz2vHHN7nfeaJSsUg86GlMvRAPBQsYwdpI/Up1glwmkBtiPfL99D57NGLNrtszoGXiFKQGBZr9ypc7iEgSUqEJx0r1HDvWXoqlZoTTrOwmisaYjPGQ9gwVOKTKS2fZM3RilAEKImme0Gim/t5IcajUNPTNZJ5RLXq5+J/XS3Rw5aVMxImmgswPBQlHOkJ5EWjAJCWaTw3BRDKTFZERlphoU1fZlOAsfnmZtM/qzkXduTuvNa6LOkpwBMdwCg5cQgNuoQktIDCBZ3iFNyuzXqx362M+umIVO4fwB9bnD6G9lDA=</latexit>

x 2 Rn

…around Trajectory

Nominal Trajectory:

Perturbed Trajectory:

<latexit sha1_base64="9A4uqvmd8j8yfldkXw7rZndR5Cc=">AAACB3icbVDLSgMxFM3UV62vUZeCBIvQbsqMiIogFN24rGAf0A4lk2ba0MyD5I60DN258VfcuFDErb/gzr8x085CW08InJxzb5J73EhwBZb1beSWlldW1/LrhY3Nre0dc3evocJYUlanoQhlyyWKCR6wOnAQrBVJRnxXsKY7vEn95gOTiofBPYwj5vikH3CPUwJa6pqHoxKUL3EnXb0QktFEn/EV9kqpUe6aRatiTYEXiZ2RIspQ65pf+hoa+ywAKohSbduKwEmIBE4FmxQ6sWIRoUPSZ21NA+Iz5STTOSb4WCs97IVS7wDwVP3dkRBfqbHv6kqfwEDNe6n4n9eOwbtwEh5EMbCAzh7yYoEhxGkouMcloyDGmhAquf4rpgMiCQUdXUGHYM+PvEgaJxX7rGLfnRar11kceXSAjlAJ2egcVdEtqqE6ougRPaNX9GY8GS/Gu/ExK80ZWc8++gPj8wfI6Za1</latexit>

x(t) : ẋ(t) = f(x(t))

<latexit sha1_base64="SmcT49bEOj6eOuuChBd5GAA6Rgk=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARKkJJRNRlURcuK9gLtKFMppN26GQSZk6KJfRN3LhQxK1v4s63cdJmoa0/DHz85xzOmd+PBdfgON9WYWV1bX2juFna2t7Z3bP3D5o6ShRlDRqJSLV9opngkjWAg2DtWDES+oK1/NFtVm+NmdI8ko8wiZkXkoHkAacEjNWz7acKnJ5175gAgjPu2WWn6syEl8HNoYxy1Xv2V7cf0SRkEqggWndcJwYvJQo4FWxa6iaaxYSOyIB1DEoSMu2ls8un+MQ4fRxEyjwJeOb+nkhJqPUk9E1nSGCoF2uZ+V+tk0Bw7aVcxgkwSeeLgkRgiHAWA+5zxSiIiQFCFTe3YjokilAwYZVMCO7il5eheV51L6vuw0W5dpPHUURH6BhVkIuuUA3dozpqIIrG6Bm9ojcrtV6sd+tj3lqw8plD9EfW5w+f15Jc</latexit>

x(t) +�x(t)

<latexit sha1_base64="1UhKOah8U4+2/Qbqq5oirJ4NMOI=">AAACIXicbVDLSgMxFM3UV62vqks3wSK0FMqMiHYjFHXhsoJ9QGcomTTThmYeJHekZeivuPFX3LhQpDvxZ8y0XWjrgcC559yb5B43ElyBaX4ZmbX1jc2t7HZuZ3dv/yB/eNRUYSwpa9BQhLLtEsUED1gDOAjWjiQjvitYyx3epn7riUnFw+ARxhFzfNIPuMcpAS1181W7F0IymhShhMt4Vth3TACZ4FGq4Wvs2S7vF0e4PDfwKK1L3XzBrJgz4FViLUgBLVDv5qf6dhr7LAAqiFIdy4zASYgETgWb5OxYsYjQIemzjqYB8ZlyktmGE3ymlR72QqlPAHim/p5IiK/U2Hd1p09goJa9VPzP68TgVZ2EB1EMLKDzh7xYYAhxGhfucckoiLEmhEqu/4rpgEhCQYea0yFYyyuvkuZ5xbqsWA8XhdrNIo4sOkGnqIgsdIVq6B7VUQNR9Ixe0Tv6MF6MN+PTmM5bM8Zi5hj9gfH9A9mpoXM=</latexit>

ẋ(t) + �̇x(t) = f
�
x+�x

�
0

<latexit sha1_base64="udbIWCyqgcGdm5N6jTM8ULt+Dmc="></latexit>

ẋ(t) + �̇x(t) = f
�
x
�
+


@f

@x

�

x(t)

�x(t)

<latexit sha1_base64="t6AeKrXbkze51oruUHfYfcrsJbQ="></latexit>

�̇x(t) =


@f

@x

�

x(t)

�x(t)

Perturbed state & control

<latexit sha1_base64="9KnHSHIoOGgp+ngm5C8tPQT5MQY=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEIFaEkIuqxqAePFewHtKFstpt26WYTdifSGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMPD8WXIPjfFu5ldW19Y38ZmFre2e3aO/tN3SUKMrqNBKRavlEM8ElqwMHwVqxYiT0BWv6w5up33xkSvNIPsA4Zl5I+pIHnBIwUtcujvAp7twyAQSPynDStUtOxZkBLxM3IyWUoda1vzq9iCYhk0AF0brtOjF4KVHAqWCTQifRLCZ0SPqsbagkIdNeOjt8go+N0sNBpExJwDP190RKQq3HoW86QwIDvehNxf+8dgLBlZdyGSfAJJ0vChKBIcLTFHCPK0ZBjA0hVHFzK6YDoggFk1XBhOAuvrxMGmcV96Li3p+XqtdZHHl0iI5QGbnoElXRHaqhOqIoQc/oFb1ZT9aL9W59zFtzVjZzgP7A+vwBqciRzQ==</latexit>

x+�x(t)

Equilibrium:

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

ẋ = f(x, u)
<latexit sha1_base64="MsOLpYsYp77Y6La+6O3WHmEkkUo=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlE1GXRjcsq9gFNLJPptB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DMniDlT2nG+rdLK6tr6RnmzsrW9s7tn71fbKkokoS0S8Uh2A6woZ4K2NNOcdmNJcRhw2gkm17nfeaRSsUjc62lM/RCPBBsygrWR+nY1QR4TyAuxHgdBepc9hH275tSdGdAycQtSgwLNvv3lDSKShFRowrFSPdeJtZ9iqRnhNKt4iaIxJhM8oj1DBQ6p8tNZ9gwdG2WAhpE0T2g0U39vpDhUahoGZjLPqBa9XPzP6yV6eOmnTMSJpoLMDw0TjnSE8iLQgElKNJ8agolkJisiYywx0aauiinBXfzyMmmf1t3zunt7VmtcFXWU4RCO4ARcuIAG3EATWkDgCZ7hFd6szHqx3q2P+WjJKnYO4A+szx+bepQs</latexit>

u 2 Rm

<latexit sha1_base64="0LnMtUqEaBnk4McI3obTYTPwZiI=">AAAB+XicbVBNSwMxEM36WevXqkcvwSJUhLIroh6LevBYwX5Au5Rsmm1Ds9klmRTK0n/ixYMiXv0n3vw3pu0etPXBwOO9GWbmhangGjzv21lZXVvf2CxsFbd3dvf23YPDhk6MoqxOE5GoVkg0E1yyOnAQrJUqRuJQsGY4vJv6zRFTmifyCcYpC2LSlzzilICVuq5r8Dnu3DMBBBtchrOuW/Iq3gx4mfg5KaEcta771ekl1MRMAhVE67bvpRBkRAGngk2KHaNZSuiQ9FnbUklipoNsdvkEn1qlh6NE2ZKAZ+rviYzEWo/j0HbGBAZ60ZuK/3ltA9FNkHGZGmCSzhdFRmBI8DQG3OOKURBjSwhV3N6K6YAoQsGGVbQh+IsvL5PGRcW/qviPl6XqbR5HAR2jE1RGPrpGVfSAaqiOKBqhZ/SK3pzMeXHenY9564qTzxyhP3A+fwD6N5Hx</latexit>

u+�u(t)

<latexit sha1_base64="iQBBMKr5A+lp5ldHcTeCo/7MiZw=">AAAB/HicbZDLSgMxFIbP1Futt9Eu3QSLUEHKjIiKIBTduKxgL9AOJZNm2tBMZkgyYhnqq7hxoYhbH8Sdb2PazkJbTwh8/P855OT3Y86UdpxvK7e0vLK6ll8vbGxube/Yu3sNFSWS0DqJeCRbPlaUM0HrmmlOW7GkOPQ5bfrDm4nffKBSsUjc61FMvRD3BQsYwdpIXbv4eJxcoo45QdngEbpCTtcuORVnWmgR3AxKkFWta391ehFJQio04ViptuvE2kux1IxwOi50EkVjTIa4T9sGBQ6p8tLp8mN0aJQeCiJprtBoqv6eSHGo1Cj0TWeI9UDNexPxP6+d6ODCS5mIE00FmT0UJBzpCE2SQD0mKdF8ZAATycyuiAywxESbvAomBHf+y4vQOKm4ZxX37rRUvc7iyMM+HEAZXDiHKtxCDepAYATP8Apv1pP1Yr1bH7PWnJXNFOFPWZ8/5DGSVw==</latexit>

x, u : f(x, u) = 0

<latexit sha1_base64="17YPVym2JA9ikXVfVG7XzZacEV0=">AAACAXicbZDLSgMxFIbP1Futt1E3gptgESpKmRFRl0VduKxgL9AOJZNmamgmMyQZaSl146u4caGIW9/CnW9j2o6grT8EPv5zDifn92POlHacLyszN7+wuJRdzq2srq1v2JtbVRUlktAKiXgk6z5WlDNBK5ppTuuxpDj0Oa353ctRvXZPpWKRuNX9mHoh7ggWMIK1sVr2TlDoHTavKNcY9Y6SH0wOWnbeKTpjoVlwU8hDqnLL/my2I5KEVGjCsVIN14m1N8BSM8LpMNdMFI0x6eIObRgUOKTKG4wvGKJ947RREEnzhEZj9/fEAIdK9UPfdIZY36np2sj8r9ZIdHDuDZiIE00FmSwKEo50hEZxoDaTlGjeN4CJZOaviNxhiYk2oeVMCO70ybNQPS66p0X35iRfukjjyMIu7EEBXDiDElxDGSpA4AGe4AVerUfr2Xqz3ietGSud2YY/sj6+AUePlYA=</latexit>

f(x+�x, u+�u)
<latexit sha1_base64="orSfGLXTVHERHmYWJCN2WgHOPik=">AAACJHicbZDJSgNBEIZ73I1b1KOXxiAIQpgRUcFLUA8eFcwCmSH0dGqSxp6F7hohDPMwXnwVLx5c8ODFZ7EnGXAtaPj4/yqq6/cTKTTa9rs1NT0zOze/sFhZWl5ZXauub7R0nCoOTR7LWHV8pkGKCJooUEInUcBCX0Lbvzkr/PYtKC3i6BpHCXghG0QiEJyhkXrVkz3qSgiwS13qBorxzE2YQsEkDfIvTvPCV2IwRI+65yCR0bRXrdl1e1z0Lzgl1EhZl73qi9uPeRpChFwyrbuOnaCXFTu4hLziphoSxm/YALoGIxaC9rLxkTndMUqfBrEyL0I6Vr9PZCzUehT6pjNkONS/vUL8z+umGBx7mYiSFCHik0VBKinGtEiM9oUCjnJkgHElzF8pHzITFZpcKyYE5/fJf6G1X3cO687VQa1xWsaxQLbINtklDjkiDXJBLkmTcHJHHsgTebburUfr1XqbtE5Z5cwm+VHWxyfGJqRL</latexit>

+


@f

@u

�
�u

<latexit sha1_base64="k9OxXNv9uJlv+1nWW3d/WChKjbo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB46WM/w==</latexit>u
<latexit sha1_base64="orSfGLXTVHERHmYWJCN2WgHOPik=">AAACJHicbZDJSgNBEIZ73I1b1KOXxiAIQpgRUcFLUA8eFcwCmSH0dGqSxp6F7hohDPMwXnwVLx5c8ODFZ7EnGXAtaPj4/yqq6/cTKTTa9rs1NT0zOze/sFhZWl5ZXauub7R0nCoOTR7LWHV8pkGKCJooUEInUcBCX0Lbvzkr/PYtKC3i6BpHCXghG0QiEJyhkXrVkz3qSgiwS13qBorxzE2YQsEkDfIvTvPCV2IwRI+65yCR0bRXrdl1e1z0Lzgl1EhZl73qi9uPeRpChFwyrbuOnaCXFTu4hLziphoSxm/YALoGIxaC9rLxkTndMUqfBrEyL0I6Vr9PZCzUehT6pjNkONS/vUL8z+umGBx7mYiSFCHik0VBKinGtEiM9oUCjnJkgHElzF8pHzITFZpcKyYE5/fJf6G1X3cO687VQa1xWsaxQLbINtklDjkiDXJBLkmTcHJHHsgTebburUfr1XqbtE5Z5cwm+VHWxyfGJqRL</latexit>

+


@f

@u

�
�u

<latexit sha1_base64="k9OxXNv9uJlv+1nWW3d/WChKjbo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB46WM/w==</latexit>u

<latexit sha1_base64="FPRtlMdLvRmBWZr2oCgvKEiSlsk=">AAACLnicbVDLSsNAFJ34rPVVdelmsAiKUBIRdVl8gEsFq4UklMn0ph2cPJi5EUrIF7nxV3QhqIhbP8NJLajVAwPnnnMvd+4JUik02vazNTE5NT0zW5mrzi8sLi3XVlavdJIpDi2eyES1A6ZBihhaKFBCO1XAokDCdXBzXPrXt6C0SOJLHKTgR6wXi1Bwhkbq1E53qCchRJd61AsV47mXMoWCSRoW3zwrSl+JXh/9Tp5t4bYRTkAio2XRqdXthj0E/UucEamTEc47tUevm/Asghi5ZFq7jp2in5fbuISi6mUaUsZvWA9cQ2MWgfbz4bkF3TRKl4aJMi9GOlR/TuQs0noQBaYzYtjX414p/ue5GYaHfi7iNEOI+deiMJMUE1pmR7tCAUc5MIRxJcxfKe8zExqahKsmBGf85L/karfh7Deci71682gUR4Wskw2yRRxyQJrkjJyTFuHkjjyQF/Jq3VtP1pv1/tU6YY1m1sgvWB+fM5+oBQ==</latexit>

+


@f

@u

�

u(t)

�u(t)

<latexit sha1_base64="FPRtlMdLvRmBWZr2oCgvKEiSlsk=">AAACLnicbVDLSsNAFJ34rPVVdelmsAiKUBIRdVl8gEsFq4UklMn0ph2cPJi5EUrIF7nxV3QhqIhbP8NJLajVAwPnnnMvd+4JUik02vazNTE5NT0zW5mrzi8sLi3XVlavdJIpDi2eyES1A6ZBihhaKFBCO1XAokDCdXBzXPrXt6C0SOJLHKTgR6wXi1Bwhkbq1E53qCchRJd61AsV47mXMoWCSRoW3zwrSl+JXh/9Tp5t4bYRTkAio2XRqdXthj0E/UucEamTEc47tUevm/Asghi5ZFq7jp2in5fbuISi6mUaUsZvWA9cQ2MWgfbz4bkF3TRKl4aJMi9GOlR/TuQs0noQBaYzYtjX414p/ue5GYaHfi7iNEOI+deiMJMUE1pmR7tCAUc5MIRxJcxfKe8zExqahKsmBGf85L/karfh7Deci71682gUR4Wskw2yRRxyQJrkjJyTFuHkjjyQF/Jq3VtP1pv1/tU6YY1m1sgvWB+fM5+oBQ==</latexit>

+


@f

@u

�

u(t)

�u(t)

<latexit sha1_base64="udbIWCyqgcGdm5N6jTM8ULt+Dmc="></latexit>

ẋ(t) + �̇x(t) = f
�
x
�
+


@f

@x

�

x(t)

�x(t)

<latexit sha1_base64="pqC2ZLX/RtzRDltX8b7rbU+JiGs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuqx6MVjBfsB7VKyabaNzSZLkhXL0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDP1W49UaSbFvRnH1I/wQLCQEWys1AzLT2fJaa9YcivuDGiZeBkpQYZ6r/jV7UuSRFQYwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsFTii2k9n107QiVX6KJTKljBopv6eSHGk9TgKbGeEzVAvelPxP6+TmPDKT5mIE0MFmS8KE46MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQAUbgrf48jJpViveRcW7Oy/VrrM48nAEx1AGDy6hBrdQhwYQeIBneIU3RzovzrvzMW/NOdnMIfyB8/kDrxmOjA==</latexit>

f(x, u)

<latexit sha1_base64="vcBRlSgJNw62z45QSc4ZMz1GMsg=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQqZRERF2W6sJlBfuAJpTJdNIOnUzCzERaQvdu/BU3LhRx6w+482+ctFlo64ELZ865l7n3eBGjUlnWt5FbWV1b38hvFra2d3b3zP2DlgxjgUkThywUHQ9JwignTUUVI51IEBR4jLS90XXqtx+IkDTk92oSETdAA059ipHSUs8s+k6dDsrjinNDmEJwfBrDCsweceqd9MySVbVmgMvEzkgJZGj0zC+nH+I4IFxhhqTs2lak3AQJRTEj04ITSxIhPEID0tWUo4BIN5ndMoXHWulDPxS6uIIz9fdEggIpJ4GnOwOkhnLRS8X/vG6s/Cs3oTyKFeF4/pEfM6hCmAYD+1QQrNhEE4QF1btCPEQCYaXjK+gQ7MWTl0nrrGpfVO2781KtnsWRB0egCMrABpegBm5BAzQBBo/gGbyCN+PJeDHejY95a87IZg7BHxifP87+mQA=</latexit>

f
⇣
x+�x, u+�u

⌘

<latexit sha1_base64="3uY5LHYiRwimo3iGa10Sbzf8RJk=">AAAB/HicbVDLSgMxFM3UV62v0S7dBItQEcqMiLos6sJlBfuAdiiZNNOGZh4kN8Iw1F9x40IRt36IO//GtJ2Fth64cHLOveTe4yeCK3Ccb6uwsrq2vlHcLG1t7+zu2fsHLRVrSVmTxiKWHZ8oJnjEmsBBsE4iGQl9wdr++Gbqtx+ZVDyOHiBNmBeSYcQDTgkYqW+XdRVO8Cnu3TIBBGtsnn274tScGfAycXNSQTkaffurN4ipDlkEVBCluq6TgJcRCZwKNin1tGIJoWMyZF1DIxIy5WWz5Sf42CgDHMTSVAR4pv6eyEioVBr6pjMkMFKL3lT8z+tqCK68jEeJBhbR+UeBFhhiPE0CD7hkFERqCKGSm10xHRFJKJi8SiYEd/HkZdI6q7kXNff+vFK/zuMookN0hKrIRZeoju5QAzURRSl6Rq/ozXqyXqx362PeWrDymTL6A+vzB6IAktQ=</latexit>

u(t) +�u(t)

<latexit sha1_base64="PT7XCWfZbLqwWqWGNIrtfe61+Fs=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0lE1GPRi8cK9gPaUDbbTbt0Nwm7E7GU/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUkS8gQIlbyeaUxVI3gpGt5nfeuTaiDh6wHHCfUUHkQgFo5hJTxU865XKbtWdgSwTLydlyFHvlb66/ZilikfIJDWm47kJ+hOqUTDJp8VuanhC2YgOeMfSiCpu/Mns1ik5tUqfhLG2FSGZqb8nJlQZM1aB7VQUh2bRy8T/vE6K4bU/EVGSIo/YfFGYSoIxyR4nfaE5Qzm2hDIt7K2EDammDG08RRuCt/jyMmmeV73Lqnd/Ua7d5HEU4BhOoAIeXEEN7qAODWAwhGd4hTdHOS/Ou/Mxb11x8pkj+APn8weDwY3l</latexit>

x(t)

<latexit sha1_base64="6mGd8KgDS6lh92uVce+XbVKdXWU=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQL2VXRD0W9eCxgv2A7VKyabYNzSZLMiuWpT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMCxPBDbjut1NYWV1b3yhulra2d3b3yvsHLaNSTVmTKqF0JySGCS5ZEzgI1kk0I3EoWDsc3Uz99iPThiv5AOOEBTEZSB5xSsBKfveWCSD4qQqnvXLFrbkz4GXi5aSCcjR65a9uX9E0ZhKoIMb4nptAkBENnAo2KXVTwxJCR2TAfEsliZkJstnJE3xilT6OlLYlAc/U3xMZiY0Zx6HtjAkMzaI3Ff/z/BSiqyDjMkmBSTpfFKUCg8LT/3Gfa0ZBjC0hVHN7K6ZDogkFm1LJhuAtvrxMWmc176Lm3Z9X6td5HEV0hI5RFXnoEtXRHWqgJqJIoWf0it4ccF6cd+dj3lpw8plD9AfO5w86aZCR</latexit>

�x(t)
<latexit sha1_base64="YHPZUJMB4b50JZ4UR6Ta0zMnQVk=">AAACAnicbVDLSgMxFM3UV62vUVfiJliEFqTMiKgboejGZQX7gLaUTJppQzOZIbkjLUNx46+4caGIW7/CnX9j2s5CWw8kHM659yb3eJHgGhzn28osLa+srmXXcxubW9s79u5eTYexoqxKQxGqhkc0E1yyKnAQrBEpRgJPsLo3uJn49QemNA/lPYwi1g5IT3KfUwJG6tgHrW4IyXBcgCK+wn5haMhJbK5ix847JWcKvEjclORRikrH/jKzaBwwCVQQrZuuE0E7IQo4FWyca8WaRYQOSI81DZUkYLqdTFcY42OjdLEfKnMk4Kn6uyMhgdajwDOVAYG+nvcm4n9eMwb/sp1wGcXAJJ095McCQ4gneeAuV4yCGBlCqOLmr5j2iSIUTGo5E4I7v/IiqZ2W3POSe3eWL1+ncWTRITpCBeSiC1RGt6iCqoiiR/SMXtGb9WS9WO/Wx6w0Y6U9++gPrM8fL1WVWg==</latexit>

ẋ(t) = f(x(t), u(t))

<latexit sha1_base64="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> ( <latexit sha1_base64="nzeHdTc6GYXSIa1Z9qZXpeJssHk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeqx68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVb3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5Srt3kcBTiGEzgDD66gCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDlNWMyw==</latexit>

A
<latexit sha1_base64="b8QZDZSQDhw92RsMLhLLy1qbxSE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeiz14rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq1Pqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDWz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LivedcVrXJWrtTyOApzCGVyABzdQhXuoQxMYIDzDK7w5j86L8+58LFrXnHzmBP7A+fwBllmMzA==</latexit>

B

<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="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

<latexit sha1_base64="MQBxpxKG96ZDfbO/ApkMdzZP+Rc=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0lE1GPVi8cK9gPaUDbbTbt0swm7E6GU/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGd5nfeuLaiFg94jjhfkQHSoSCUcykmwqe9Uplt+rOQJaJl5My5Kj3Sl/dfszSiCtkkhrT8dwE/QnVKJjk02I3NTyhbEQHvGOpohE3/mR265ScWqVPwljbUkhm6u+JCY2MGUeB7YwoDs2il4n/eZ0Uw2t/IlSSIldsvihMJcGYZI+TvtCcoRxbQpkW9lbChlRThjaeog3BW3x5mTTPq95l1Xu4KNdu8zgKcAwnUAEPrqAG91CHBjAYwjO8wpsTOS/Ou/Mxb11x8pkj+APn8wcvwI2u</latexit>

A(t)
<latexit sha1_base64="5BfzQ11YLdvN/CZE3Yc1F5xdqyY=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0lE1GOpF48V7Ae0oWy2m3bpbhJ2J0Ip/QtePCji1T/kzX/jps1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpYh4EwVK3kk0pyqQvB2M7zK//cS1EXH0iJOE+4oOIxEKRjGT6hW86JfKbtWdg6wSLydlyNHol756g5ilikfIJDWm67kJ+lOqUTDJZ8VeanhC2ZgOedfSiCpu/On81hk5t8qAhLG2FSGZq78nplQZM1GB7VQUR2bZy8T/vG6K4a0/FVGSIo/YYlGYSoIxyR4nA6E5QzmxhDIt7K2EjaimDG08RRuCt/zyKmldVr3rqvdwVa7V8zgKcApnUAEPbqAG99CAJjAYwTO8wpujnBfn3flYtK45+cwJ/IHz+QMxR42v</latexit>

B(t)



Linearization - Example

…around Equilibrium: 

Dynamics <latexit sha1_base64="v8dC06wjwKjPioExaKBN1kFzl04=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KomIuiy6cVnFPqCJZTKdtEMnkzAzkZaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY86Utu1va2V1bX1js7RV3t7Z3duvHFTbKkokoS0S8Uh2fawoZ4K2NNOcdmNJcehz2vHHN7nfeaJSsUg86GlMvRAPBQsYwdpI/Up1glwmkBtiPfL99D57NGLNrtszoGXiFKQGBZr9ypc7iEgSUqEJx0r1HDvWXoqlZoTTrOwmisaYjPGQ9gwVOKTKS2fZM3RilAEKImme0Gim/t5IcajUNPTNZJ5RLXq5+J/XS3Rw5aVMxImmgswPBQlHOkJ5EWjAJCWaTw3BRDKTFZERlphoU1fZlOAsfnmZtM/qzkXduTuvNa6LOkpwBMdwCg5cQgNuoQktIDCBZ3iFNyuzXqx362M+umIVO4fwB9bnD6G9lDA=</latexit>

x 2 Rn

Perturbed state & control

Equilibrium:

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

ẋ = f(x, u)
<latexit sha1_base64="MsOLpYsYp77Y6La+6O3WHmEkkUo=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlE1GXRjcsq9gFNLJPptB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DMniDlT2nG+rdLK6tr6RnmzsrW9s7tn71fbKkokoS0S8Uh2A6woZ4K2NNOcdmNJcRhw2gkm17nfeaRSsUjc62lM/RCPBBsygrWR+nY1QR4TyAuxHgdBepc9hH275tSdGdAycQtSgwLNvv3lDSKShFRowrFSPdeJtZ9iqRnhNKt4iaIxJhM8oj1DBQ6p8tNZ9gwdG2WAhpE0T2g0U39vpDhUahoGZjLPqBa9XPzP6yV6eOmnTMSJpoLMDw0TjnSE8iLQgElKNJ8agolkJisiYywx0aauiinBXfzyMmmf1t3zunt7VmtcFXWU4RCO4ARcuIAG3EATWkDgCZ7hFd6szHqx3q2P+WjJKnYO4A+szx+bepQs</latexit>

u 2 Rm

<latexit sha1_base64="iQBBMKr5A+lp5ldHcTeCo/7MiZw=">AAAB/HicbZDLSgMxFIbP1Futt9Eu3QSLUEHKjIiKIBTduKxgL9AOJZNm2tBMZkgyYhnqq7hxoYhbH8Sdb2PazkJbTwh8/P855OT3Y86UdpxvK7e0vLK6ll8vbGxube/Yu3sNFSWS0DqJeCRbPlaUM0HrmmlOW7GkOPQ5bfrDm4nffKBSsUjc61FMvRD3BQsYwdpIXbv4eJxcoo45QdngEbpCTtcuORVnWmgR3AxKkFWta391ehFJQio04ViptuvE2kux1IxwOi50EkVjTIa4T9sGBQ6p8tLp8mN0aJQeCiJprtBoqv6eSHGo1Cj0TWeI9UDNexPxP6+d6ODCS5mIE00FmT0UJBzpCE2SQD0mKdF8ZAATycyuiAywxESbvAomBHf+y4vQOKm4ZxX37rRUvc7iyMM+HEAZXDiHKtxCDepAYATP8Apv1pP1Yr1bH7PWnJXNFOFPWZ8/5DGSVw==</latexit>

x, u : f(x, u) = 0

<latexit sha1_base64="udbIWCyqgcGdm5N6jTM8ULt+Dmc="></latexit>

ẋ(t) + �̇x(t) = f
�
x
�
+


@f

@x

�

x(t)

�x(t)

<latexit sha1_base64="mQ+b53vqlLJhse5/dN522lqI37U=">AAACD3icbVDLSgMxFM3UV62vUZdugkWpFMqMiLoRirpwWcE+oC0lk2ba0MyD5I60DPMHbvwVNy4UcevWnX9j2o6grQdCTs65N8k9Tii4Asv6MjILi0vLK9nV3Nr6xuaWub1TU0EkKavSQASy4RDFBPdZFTgI1gglI54jWN0ZXI39+j2Tigf+HYxC1vZIz+cupwS01DEPW90A4mFSnOytayaA4GGCL7BbGBZ/zkcdM2+VrAnwPLFTkkcpKh3zU19II4/5QAVRqmlbIbRjIoFTwZJcK1IsJHRAeqypqU88ptrxZJ4EH2ili91A6uUDnqi/O2LiKTXyHF3pEeirWW8s/uc1I3DP2zH3wwiYT6cPuZHAEOBxOLjLJaMgRpoQKrn+K6Z9IgkFHWFOh2DPjjxPascl+7Rk357ky5dpHFm0h/ZRAdnoDJXRDaqgKqLoAT2hF/RqPBrPxpvxPi3NGGnPLvoD4+MbaQybmQ==</latexit>

ẋ+ �̇x = f(x+�x)
<latexit sha1_base64="BIH5FSB6ZxIcDITc9WyNoRUPyhg="></latexit>

ẋ+ �̇x = f(x) +


@f

@x

�
�x

0
<latexit sha1_base64="bw1u7P7Zp7OOD1ais8YxPCkTkGI="></latexit>

�̇x =


@f

@x

�
�x

<latexit sha1_base64="8yaoKCskarkczxuKjVJDmOoaVJQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRiyhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD6DGNAg==</latexit>x

<latexit sha1_base64="8yaoKCskarkczxuKjVJDmOoaVJQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRiyhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD6DGNAg==</latexit>x

0

<latexit sha1_base64="9KnHSHIoOGgp+ngm5C8tPQT5MQY=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEIFaEkIuqxqAePFewHtKFstpt26WYTdifSGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMPD8WXIPjfFu5ldW19Y38ZmFre2e3aO/tN3SUKMrqNBKRavlEM8ElqwMHwVqxYiT0BWv6w5up33xkSvNIPsA4Zl5I+pIHnBIwUtcujvAp7twyAQSPynDStUtOxZkBLxM3IyWUoda1vzq9iCYhk0AF0brtOjF4KVHAqWCTQifRLCZ0SPqsbagkIdNeOjt8go+N0sNBpExJwDP190RKQq3HoW86QwIDvehNxf+8dgLBlZdyGSfAJJ0vChKBIcLTFHCPK0ZBjA0hVHFzK6YDoggFk1XBhOAuvrxMGmcV96Li3p+XqtdZHHl0iI5QGbnoElXRHaqhOqIoQc/oFb1ZT9aL9W59zFtzVjZzgP7A+vwBqciRzQ==</latexit>

x+�x(t)
<latexit sha1_base64="0LnMtUqEaBnk4McI3obTYTPwZiI=">AAAB+XicbVBNSwMxEM36WevXqkcvwSJUhLIroh6LevBYwX5Au5Rsmm1Ds9klmRTK0n/ixYMiXv0n3vw3pu0etPXBwOO9GWbmhangGjzv21lZXVvf2CxsFbd3dvf23YPDhk6MoqxOE5GoVkg0E1yyOnAQrJUqRuJQsGY4vJv6zRFTmifyCcYpC2LSlzzilICVuq5r8Dnu3DMBBBtchrOuW/Iq3gx4mfg5KaEcta771ekl1MRMAhVE67bvpRBkRAGngk2KHaNZSuiQ9FnbUklipoNsdvkEn1qlh6NE2ZKAZ+rviYzEWo/j0HbGBAZ60ZuK/3ltA9FNkHGZGmCSzhdFRmBI8DQG3OOKURBjSwhV3N6K6YAoQsGGVbQh+IsvL5PGRcW/qviPl6XqbR5HAR2jE1RGPrpGVfSAaqiOKBqhZ/SK3pzMeXHenY9564qTzxyhP3A+fwD6N5Hx</latexit>

u+�u(t)

<latexit sha1_base64="17YPVym2JA9ikXVfVG7XzZacEV0=">AAACAXicbZDLSgMxFIbP1Futt1E3gptgESpKmRFRl0VduKxgL9AOJZNmamgmMyQZaSl146u4caGIW9/CnW9j2o6grT8EPv5zDifn92POlHacLyszN7+wuJRdzq2srq1v2JtbVRUlktAKiXgk6z5WlDNBK5ppTuuxpDj0Oa353ctRvXZPpWKRuNX9mHoh7ggWMIK1sVr2TlDoHTavKNcY9Y6SH0wOWnbeKTpjoVlwU8hDqnLL/my2I5KEVGjCsVIN14m1N8BSM8LpMNdMFI0x6eIObRgUOKTKG4wvGKJ947RREEnzhEZj9/fEAIdK9UPfdIZY36np2sj8r9ZIdHDuDZiIE00FmSwKEo50hEZxoDaTlGjeN4CJZOaviNxhiYk2oeVMCO70ybNQPS66p0X35iRfukjjyMIu7EEBXDiDElxDGSpA4AGe4AVerUfr2Xqz3ietGSud2YY/sj6+AUePlYA=</latexit>

f(x+�x, u+�u)
<latexit sha1_base64="orSfGLXTVHERHmYWJCN2WgHOPik=">AAACJHicbZDJSgNBEIZ73I1b1KOXxiAIQpgRUcFLUA8eFcwCmSH0dGqSxp6F7hohDPMwXnwVLx5c8ODFZ7EnGXAtaPj4/yqq6/cTKTTa9rs1NT0zOze/sFhZWl5ZXauub7R0nCoOTR7LWHV8pkGKCJooUEInUcBCX0Lbvzkr/PYtKC3i6BpHCXghG0QiEJyhkXrVkz3qSgiwS13qBorxzE2YQsEkDfIvTvPCV2IwRI+65yCR0bRXrdl1e1z0Lzgl1EhZl73qi9uPeRpChFwyrbuOnaCXFTu4hLziphoSxm/YALoGIxaC9rLxkTndMUqfBrEyL0I6Vr9PZCzUehT6pjNkONS/vUL8z+umGBx7mYiSFCHik0VBKinGtEiM9oUCjnJkgHElzF8pHzITFZpcKyYE5/fJf6G1X3cO687VQa1xWsaxQLbINtklDjkiDXJBLkmTcHJHHsgTebburUfr1XqbtE5Z5cwm+VHWxyfGJqRL</latexit>

+


@f

@u

�
�u

<latexit sha1_base64="k9OxXNv9uJlv+1nWW3d/WChKjbo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB46WM/w==</latexit>u
<latexit sha1_base64="orSfGLXTVHERHmYWJCN2WgHOPik=">AAACJHicbZDJSgNBEIZ73I1b1KOXxiAIQpgRUcFLUA8eFcwCmSH0dGqSxp6F7hohDPMwXnwVLx5c8ODFZ7EnGXAtaPj4/yqq6/cTKTTa9rs1NT0zOze/sFhZWl5ZXauub7R0nCoOTR7LWHV8pkGKCJooUEInUcBCX0Lbvzkr/PYtKC3i6BpHCXghG0QiEJyhkXrVkz3qSgiwS13qBorxzE2YQsEkDfIvTvPCV2IwRI+65yCR0bRXrdl1e1z0Lzgl1EhZl73qi9uPeRpChFwyrbuOnaCXFTu4hLziphoSxm/YALoGIxaC9rLxkTndMUqfBrEyL0I6Vr9PZCzUehT6pjNkONS/vUL8z+umGBx7mYiSFCHik0VBKinGtEiM9oUCjnJkgHElzF8pHzITFZpcKyYE5/fJf6G1X3cO687VQa1xWsaxQLbINtklDjkiDXJBLkmTcHJHHsgTebburUfr1XqbtE5Z5cwm+VHWxyfGJqRL</latexit>

+


@f

@u

�
�u

<latexit sha1_base64="k9OxXNv9uJlv+1nWW3d/WChKjbo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB46WM/w==</latexit>u

<latexit sha1_base64="pqC2ZLX/RtzRDltX8b7rbU+JiGs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuqx6MVjBfsB7VKyabaNzSZLkhXL0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDP1W49UaSbFvRnH1I/wQLCQEWys1AzLT2fJaa9YcivuDGiZeBkpQYZ6r/jV7UuSRFQYwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsFTii2k9n107QiVX6KJTKljBopv6eSHGk9TgKbGeEzVAvelPxP6+TmPDKT5mIE0MFmS8KE46MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQAUbgrf48jJpViveRcW7Oy/VrrM48nAEx1AGDy6hBrdQhwYQeIBneIU3RzovzrvzMW/NOdnMIfyB8/kDrxmOjA==</latexit>

f(x, u)

<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="Q07TjtbmaUB2B1osmd0oDXdmKio=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWMF+wFtKJvtpl262cTdiVhC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e03TJxqxusslrFuBdRwKRSvo0DJW4nmNAokbwbD64nffOTaiFjd4yjhfkT7SoSCUbRSq3PDJVLy1C2V3Yo7BVkkXk7KkKPWLX11ejFLI66QSWpM23MT9DOqUTDJx8VOanhC2ZD2edtSRSNu/Gx675gcW6VHwljbUkim6u+JjEbGjKLAdkYUB2bem4j/ee0Uw0s/EypJkSs2WxSmkmBMJs+TntCcoRxZQpkW9lbCBlRThjaiog3Bm395kTROK955xbs7K1ev8jgKcAhHcAIeXEAVbqEGdWAg4Rle4c15cF6cd+dj1rrk5DMH8AfO5w+XfY+u</latexit>

�x

Free Body Diagrams

<latexit sha1_base64="XKeW0ayLm7LV7UayuyRAufU9g1Y=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUS9CURCPFewHtEvJptk2bJJdk6xYlv4JLx4U8erf8ea/MW33oK0PBh7vzTAzL0g408Z1v53C0vLK6lpxvbSxubW9U97da+o4VYQ2SMxj1Q6wppxJ2jDMcNpOFMUi4LQVRNcTv/VIlWaxvDejhPoCDyQLGcHGSu2bXoQuUfTUK1fcqjsFWiReTiqQo94rf3X7MUkFlYZwrHXHcxPjZ1gZRjgdl7qppgkmER7QjqUSC6r9bHrvGB1ZpY/CWNmSBk3V3xMZFlqPRGA7BTZDPe9NxP+8TmrCCz9jMkkNlWS2KEw5MjGaPI/6TFFi+MgSTBSztyIyxAoTYyMq2RC8+ZcXSfOk6p1VvbvTSu0qj6MIB3AIx+DBOdTgFurQAAIcnuEV3pwH58V5dz5mrQUnn9mHP3A+fwDu0I9A</latexit>

Fk = kx
<latexit sha1_base64="DcSLeTw9fOIqvLC2WWhRcSe8MJA=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9SIEBfEYwTwgWcPs7GwyZPbBTK8alvyHFw+KePVfvPk3TpI9aGLBQFHVRfeUl0ih0ba/rYXFpeWV1cJacX1jc2u7tLPb0HGqGK+zWMaq5VHNpYh4HQVK3koUp6EnedMbXI395gNXWsTRHQ4T7oa0F4lAMIpGur/u+uSC+B0/xuxp1C2V7Yo9AZknTk7KkKPWLX2ZJEtDHiGTVOu2YyfoZlShYJKPip1U84SyAe3xtqERDbl2s8nVI3JoFJ8EsTIvQjJRfycyGmo9DD0zGVLs61lvLP7ntVMMzt1MREmKPGLTRUEqCcZkXAHxheIM5dAQypQwtxLWp4oyNEUVTQnO7JfnSeO44pxWnNuTcvUyr6MA+3AAR+DAGVThBmpQBwYKnuEV3qxH68V6tz6mowtWntmDP7A+fwC+jZIJ</latexit>

Fd = dẋ

<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="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="p0xNW86LSSNl+5eaBt4B1p/el+M=">AAACG3icbVDLSgMxFM34rPVVdekmWARBLDNF1I1QFMRlBfuAzjBkMmkbmskMyR1pGfofbvwVNy4UcSW48G9MHwttPZDL4dxzubknSATXYNvf1sLi0vLKam4tv76xubVd2Nmt6zhVlNVoLGLVDIhmgktWAw6CNRPFSBQI1gh616N+44EpzWN5D4OEeRHpSN7mlICR/EI5wm4YxpD1h/gS3/gOPjY1wa7mErvQZUDwCe71TQndic8vFO2SPQaeJ86UFNEUVb/waSZpGjEJVBCtW46dgJcRBZwKNsy7qWYJoT3SYS1DJYmY9rLxbUN8aJQQt2NlngQ8Vn9PZCTSehAFxhkR6OrZ3kj8r9dKoX3hZVwmKTBJJ4vaqcAQ41FQOOSKURADQwhV3PwV0y5RhIKJM29CcGZPnif1csk5Kzl3p8XK1TSOHNpHB+gIOegcVdAtqqIaougRPaNX9GY9WS/Wu/UxsS5Y05k99AfW1w8nXJ8I</latexit>

mẍ = F1 + Fp sin ✓ � kx� dẋ
<latexit sha1_base64="PP3Z77Z9tarQVDsZvZMLQUU8g1I=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68SJUsB/YhrLZbNulm03YnYgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJ74zUeujYjVPY4S7ke0r0RPMIpWerglnTCMMXsad0tlt+JOQRaJl5My5Kh1S1+dMGZpxBUySY1pe26CfkY1Cib5uNhJDU8oG9I+b1uqaMSNn00vHpNjq4SkF2tbCslU/T2R0ciYURTYzojiwMx7E/E/r51i79LPhEpS5IrNFvVSSTAmk/dJKDRnKEeWUKaFvZWwAdWUoQ2paEPw5l9eJI3Tinde8e7OytWrPI4CHMIRnIAHF1CFG6hBHRgoeIZXeHOM8+K8Ox+z1iUnnzmAP3A+fwBzoZDI</latexit>

Mẍ

<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="Jsi4dzOG2Sm55XN49S06et1hp+E=">AAACOnicbVDLSgMxFM34rPVVdekmWARBLDNF1GXRjcsWbCt0asmktzaYyQzJHbEM/S43foU7F25cKOLWDzBtR3weCJyce+5N7gliKQy67oMzNT0zOzefW8gvLi2vrBbW1hsmSjSHOo9kpM8DZkAKBXUUKOE81sDCQEIzuDoZ1ZvXoI2I1BkOYmiH7FKJnuAMrdQp1ELqd7sRpjdDuks/Lz72AdmQ+iAl9Xlk6EShe2PLl+OinHmMUJmnUyi6JXcM+pd4GSmSDNVO4d5O5EkICrlkxrQ8N8Z2yjQKLmGY9xMDMeNX7BJalioWgmmn49WHdNsqXdqLtD0K6Vj93pGy0JhBGFhnyLBvftdG4n+1VoK9o3YqVJwgKD55qJdIihEd5Ui7QgNHObCEcS3sXynvM8042rTzNgTv98p/SaNc8g5KXm2/WDnO4siRTbJFdohHDkmFnJIqqRNObskjeSYvzp3z5Lw6bxPrlJP1bJAfcN4/AASBrPw=</latexit>

mẍ+m✓̈` cos ✓ �m✓̇2` sin ✓
<latexit sha1_base64="7a3YZKTVQ2JLE2MiTaS0Ry4KtXw=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCG0siom6EoiAuK9gHNCFMptN26GQSZm6EGoq/4saFIm79D3f+jdM2C209cOFwzr3ce0+YCK7Bcb6twsLi0vJKcbW0tr6xuWVv7zR0nCrK6jQWsWqFRDPBJasDB8FaiWIkCgVrhoPrsd98YErzWN7DMGF+RHqSdzklYKTA3jvGN0GCPc0l9qDPgOBLHNhlp+JMgOeJm5MyylEL7C+vE9M0YhKoIFq3XScBPyMKOBVsVPJSzRJCB6TH2oZKEjHtZ5PrR/jQKB3cjZUpCXii/p7ISKT1MApNZ0Sgr2e9sfif106he+FnXCYpMEmni7qpwBDjcRS4wxWjIIaGEKq4uRXTPlGEggmsZEJwZ1+eJ42TintWce9Oy9WrPI4i2kcH6Ai56BxV0S2qoTqi6BE9o1f0Zj1ZL9a79TFtLVj5zC76A+vzBw9jk7A=</latexit>

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

<latexit sha1_base64="QtP787QrrEy8GB7uCRdbP2CDrmk=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ3lhkRdSMUBXFZwT6gM5RMJm1Dk8mQ3BHK0A9w46+4caGIWz/AnX9j2s5CWw8kHM45l+SeMBHcgOt+OwuLS8srq4W14vrG5tZ2aWe3YVSqKatTJZRuhcQwwWNWBw6CtRLNiAwFa4aD67HffGDacBXfwzBhgSS9mHc5JWClTqks/ShSkA1HnQRf4ht7+1QZ7EOfAcHHWPawTbkVdwI8T7yclFGOWqf05UeKppLFQAUxpu25CQQZ0cCpYKOinxqWEDogPda2NCaSmSCbLDPCh1aJcFdpe2LAE/X3REakMUMZ2qQk0Dez3lj8z2un0L0IMh4nKbCYTh/qpgKDwuNmcMQ1oyCGlhCquf0rpn2iCQXbX9GW4M2uPE8aJxXvrOLdnZarV3kdBbSPDtAR8tA5qqJbVEN1RNEjekav6M15cl6cd+djGl1w8pk99AfO5w+ZIJoJ</latexit>

mÿp = Fp cos ✓ �mg
<latexit sha1_base64="xySbTQ2jy2JRwz8E04CIg2MGA90=">AAACMHicbVBNSwMxFMz6WevXqkcvwSIIQtkVUS9C0YMeFawK3bVk01cbzGaX5K1Qlv4kL/4UvSgo4tVfYdouqK0DgWFmXpI3USqFQc97dSYmp6ZnZktz5fmFxaVld2X10iSZ5lDniUz0dcQMSKGgjgIlXKcaWBxJuIrujvv+1T1oIxJ1gd0UwpjdKtEWnKGVmu7JIY1p0GolmAfYAWQ9GoCUNDBC0aFC6fYg8xO52SlCPDFFqOlWvKo3AB0nfkEqpMBZ032yN/IsBoVcMmMavpdimDONgkvolYPMQMr4HbuFhqWKxWDCfLBwj25apUXbibZHIR2ovydyFhvTjSObjBl2zKjXF//zGhm2D8JcqDRDUHz4UDuTFBPab4+2hAaOsmsJ41rYv1LeYZpxtB2XbQn+6Mrj5HKn6u9V/fPdSu2oqKNE1skG2SI+2Sc1ckrOSJ1w8kCeyRt5dx6dF+fD+RxGJ5xiZo38gfP1DW5pqKQ=</latexit>

= m✓̈` sin ✓ +m✓̇2` cos ✓ <latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

Pendulum kinematics:
<latexit sha1_base64="B65hDJzIjd9jdmIEBDa7k9iPGnw=">AAACA3icbVDLSgNBEJz1GeMr6k0vg0EQhLArol6EoBePEcwDsiHMTjrJkNnZZaZXEkLAi7/ixYMiXv0Jb/6Nk2QPmljQUFR1090VxFIYdN1vZ2FxaXllNbOWXd/Y3NrO7exWTJRoDmUeyUjXAmZACgVlFCihFmtgYSChGvRuxn71AbQRkbrHQQyNkHWUaAvO0ErN3H6/GdMr2qcn1AcpqW+Eoj52AVkzl3cL7gR0nngpyZMUpWbuy29FPAlBIZfMmLrnxtgYMo2CSxhl/cRAzHiPdaBuqWIhmMZw8sOIHlmlRduRtqWQTtTfE0MWGjMIA9sZMuyaWW8s/ufVE2xfNoZCxQmC4tNF7URSjOg4ENoSGjjKgSWMa2FvpbzLNONoY8vaELzZl+dJ5bTgnRe8u7N88TqNI0MOyCE5Jh65IEVyS0qkTDh5JM/klbw5T86L8+58TFsXnHRmj/yB8/kDs9+WTQ==</latexit>

xp = x+ ` sin ✓
<latexit sha1_base64="EsqTsYIbKO6gGsQ9eDr5FLkFiOI=">AAACHHicbZDLSgMxFIYz9VbrbdSlm2ARBKHMqKgboejGZQV7gU4pmfS0Dc1cSM6IZeiDuPFV3LhQxI0LwbcxbWehrT8EPv5zTpLz+7EUGh3n28otLC4tr+RXC2vrG5tb9vZOTUeJ4lDlkYxUw2capAihigIlNGIFLPAl1P3B9bhevwelRRTe4TCGVsB6oegKztBYbfvE60SYPozaMb2kGdOjKXnYB2Qj6oGU1OORplOnbRedkjMRnQc3gyLJVGnbn+Y+ngQQIpdM66brxNhKmULBJYwKXqIhZnzAetA0GLIAdCudLDeiB8bp0G6kzAmRTtzfEykLtB4GvukMGPb1bG1s/ldrJti9aKUijBOEkE8f6iaSYkTHSdGOUMBRDg0wroT5K+V9phhHk2fBhODOrjwPteOSe1Zyb0+L5assjjzZI/vkkLjknJTJDamQKuHkkTyTV/JmPVkv1rv1MW3NWdnMLvkj6+sHh1ahpQ==</latexit>

ẋp = ẋ+ ✓̇` cos ✓
<latexit sha1_base64="hg/Fzt04NZ/kubNG6BBmTEqyAng="></latexit>

ẍp = ẍ+ ✓̈` cos ✓ � ✓̇2` sin ✓

<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 ✓

solving for  
<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

and getting expressions for 
<latexit sha1_base64="QNlSbRWe9LBNb5Ieg5YhETgICnY=">AAACAHicbZDLSsNAFIYn9VbrLerChZvBIriQkoioy6IblxXsBZpQJpNpO3QyCTMnYgnZ+CpuXCji1sdw59s4bbPQ1h8GPv5zDmfOHySCa3Ccb6u0tLyyulZer2xsbm3v2Lt7LR2nirImjUWsOgHRTHDJmsBBsE6iGIkCwdrB6GZSbz8wpXks72GcMD8iA8n7nBIwVs8+8MIwhuwxP8Uz8mDIgOQ9u+rUnKnwIrgFVFGhRs/+8sKYphGTQAXRuus6CfgZUcCpYHnFSzVLCB2RAesalCRi2s+mB+T42Dgh7sfKPAl46v6eyEik9TgKTGdEYKjnaxPzv1o3hf6Vn3GZpMAknS3qpwJDjCdp4JArRkGMDRCquPkrpkOiCAWTWcWE4M6fvAits5p7UXPvzqv16yKOMjpER+gEuegS1dEtaqAmoihHz+gVvVlP1ov1bn3MWktWMbOP/sj6/AEvhZbL</latexit>

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

2
<latexit sha1_base64="K5DU5BFpwHEbK9XYUqOu3osQiOU=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cK9gOaUDbbTbt0k427k0Ip/R1ePCji1R/jzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYMCrTjNeZkkq3Qmq4FAmvo0DJW6nmNA4lb4aDu6nfHHJthEoecZTyIKa9RESCUbRScE58pgzxsc+Rdkplt+LOQJaJl5My5Kh1Sl9+V7Es5gkySY1pe26KwZhqFEzySdHPDE8pG9Aeb1ua0JibYDw7ekJOrdIlkdK2EiQz9ffEmMbGjOLQdsYU+2bRm4r/ee0Mo5tgLJI0Q56w+aIokwQVmSZAukJzhnJkCWVa2FsJ61NNGdqcijYEb/HlZdK4qHhXFe/hsly9zeMowDGcwBl4cA1VuIca1IHBEzzDK7w5Q+fFeXc+5q0rTj5zBH/gfP4A1NuRgA==</latexit>

+cos ✓

<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="Jsi4dzOG2Sm55XN49S06et1hp+E=">AAACOnicbVDLSgMxFM34rPVVdekmWARBLDNF1GXRjcsWbCt0asmktzaYyQzJHbEM/S43foU7F25cKOLWDzBtR3weCJyce+5N7gliKQy67oMzNT0zOzefW8gvLi2vrBbW1hsmSjSHOo9kpM8DZkAKBXUUKOE81sDCQEIzuDoZ1ZvXoI2I1BkOYmiH7FKJnuAMrdQp1ELqd7sRpjdDuks/Lz72AdmQ+iAl9Xlk6EShe2PLl+OinHmMUJmnUyi6JXcM+pd4GSmSDNVO4d5O5EkICrlkxrQ8N8Z2yjQKLmGY9xMDMeNX7BJalioWgmmn49WHdNsqXdqLtD0K6Vj93pGy0JhBGFhnyLBvftdG4n+1VoK9o3YqVJwgKD55qJdIihEd5Ui7QgNHObCEcS3sXynvM8042rTzNgTv98p/SaNc8g5KXm2/WDnO4siRTbJFdohHDkmFnJIqqRNObskjeSYvzp3z5Lw6bxPrlJP1bJAfcN4/AASBrPw=</latexit>

mẍ+m✓̈` cos ✓ �m✓̇2` sin ✓
<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

<latexit sha1_base64="oAl5iTjq2wGXSUATTd11hK5iYq4=">AAAB/XicbVDLSgMxFM34rPU1PnZugkVwY5kRUZdFQVxWsA9ohyGTZtrQTGZI7kjrUPwVNy4Ucet/uPNvTNtZaOuBhMM595CbEySCa3Ccb2thcWl5ZbWwVlzf2Nzatnd26zpOFWU1GotYNQOimeCS1YCDYM1EMRIFgjWC/vXYbzwwpXks72GYMC8iXclDTgkYybf3b3wXn+D+wFwd3O7EkA1Gvl1yys4EeJ64OSmhHFXf/jJJmkZMAhVE65brJOBlRAGngo2K7VSzhNA+6bKWoZJETHvZZPsRPjJKB4exMkcCnqi/ExmJtB5GgZmMCPT0rDcW//NaKYSXXsZlkgKTdPpQmAoMMR5XgTtcMQpiaAihiptdMe0RRSiYwoqmBHf2y/Okflp2z8vu3VmpcpXXUUAH6BAdIxddoAq6RVVUQxQ9omf0it6sJ+vFerc+pqMLVp7ZQ39gff4A8raTow==</latexit>

F1 � kx� dẋ<latexit sha1_base64="FKDrazhmjsDeW2GZxAujw8NgnfQ=">AAAB8nicbVBNS8NAEN34WetX1aOXxSIIQklE1GPRixehgv2ANJTNZtMu3eyG3YlYQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZF6aCG3Ddb2dpeWV1bb20Ud7c2t7Zreztt4zKNGVNqoTSnZAYJrhkTeAgWCfVjCShYO1weDPx249MG67kA4xSFiSkL3nMKQEr+Xe4G0UK8qfxaa9SdWvuFHiReAWpogKNXuWrGymaJUwCFcQY33NTCHKigVPBxuVuZlhK6JD0mW+pJAkzQT49eYyPrRLhWGlbEvBU/T2Rk8SYURLazoTAwMx7E/E/z88gvgpyLtMMmKSzRXEmMCg8+R9HXDMKYmQJoZrbWzEdEE0o2JTKNgRv/uVF0jqreRc17/68Wr8u4iihQ3SETpCHLlEd3aIGaiKKFHpGr+jNAefFeXc+Zq1LTjFzgP7A+fwB3aeQ/Q==</latexit>

Mẍ+

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=
<latexit sha1_base64="9mO9pU4b2CwRnwoXp1ov5TvdZDE=">AAACVnicbZFLSwMxFIUz47u+Rl26CRZBEMuMiLoU3bhUsCp0asmktzaYZIbkjliG/knd6E9xI6bTDj4vBA7nfDePmySTwmIYvnn+1PTM7Nz8Qm1xaXllNVhbv7Zpbjg0eSpTc5swC1JoaKJACbeZAaYSCTfJw9kov3kEY0Wqr3CQQVuxey16gjN0VidQisbdborF05DGPLU0xj4go7u0CsaGS0HKErnbr6C9EvpiRklFVUxsha407QT1sBGWRf+KaCLqZFIXneDZ7c9zBRq5ZNa2ojDDdsEMCi5hWItzCxnjD+weWk5qpsC2i3IsQ7rtnC7tpcYtjbR0v3cUTFk7UIkjFcO+/Z2NzP+yVo6943YhdJYjaD4+qJdLiikdzZh2hQGOcuAE40a4u1LeZ4ZxdD9Rc0OIfj/5r7jeb0SHjejyoH5yOhnHPNkkW2SHROSInJBzckGahJMX8u753pT36n34M/7cGPW9Sc8G+VF+8AmVt7KP</latexit>

mẍ cos ✓ +m✓̈` cos2 ✓ �m✓̇2` cos ✓ sin ✓
<latexit sha1_base64="FdJ+ascJoPu+/MiS34t7rk1s6BI=">AAACBXicbZDLSsNAFIYnXmu9RV3qYrAIbiyJiLosCuKygr1AE8JkOmmHTiZh5kQooRs3voobF4q49R3c+TZO2yy09YeBj/+cw5nzh6ngGhzn21pYXFpeWS2tldc3Nre27Z3dpk4yRVmDJiJR7ZBoJrhkDeAgWDtVjMShYK1wcD2utx6Y0jyR9zBMmR+TnuQRpwSMFdgHJzdBij2aaOxBnwHBnuay4MCuOFVnIjwPbgEVVKge2F9eN6FZzCRQQbTuuE4Kfk4UcCrYqOxlmqWEDkiPdQxKEjPt55MrRvjIOF0cJco8CXji/p7ISaz1MA5NZ0ygr2drY/O/WieD6NLPuUwzYJJOF0WZwJDgcSS4yxWjIIYGCFXc/BXTPlGEggmubEJwZ0+eh+Zp1T2vundnldpVEUcJ7aNDdIxcdIFq6BbVUQNR9Iie0St6s56sF+vd+pi2LljFzB76I+vzBx5Kl7Y=</latexit>

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

<latexit sha1_base64="4dZrK8h4eiIBc4ogS6sS5S3L1Q0=">AAACFXicbZDLSsNAFIYnXmu9RV26GSyCCy2JiLosCuKygr1AE8JkOmmHTiZh5kQopS/hxldx40IRt4I738ZpG6G2/jDw8Z9zOHP+MBVcg+N8WwuLS8srq4W14vrG5ta2vbNb10mmKKvRRCSqGRLNBJesBhwEa6aKkTgUrBH2rkf1xgNTmifyHvop82PSkTzilICxAvv4JkixRxONPegyINjTXP7yCY4700Zgl5yyMxaeBzeHEspVDewvr53QLGYSqCBat1wnBX9AFHAq2LDoZZqlhPZIh7UMShIz7Q/GVw3xoXHaOEqUeRLw2J2eGJBY634cms6YQFfP1kbmf7VWBtGlP+AyzYBJOlkUZQJDgkcR4TZXjILoGyBUcfNXTLtEEQomyKIJwZ09eR7qp2X3vOzenZUqV3kcBbSPDtARctEFqqBbVEU1RNEjekav6M16sl6sd+tj0rpg5TN76I+szx9y/53C</latexit>

Fp cos ✓ sin ✓ �mg sin ✓
<latexit sha1_base64="oW0Rv1Ru69HVLyraBKH3uqU3PpE=">AAACO3icbVBNSwMxFMz6bf2qevQSLIIglF0R9Sh68VjFfkC3lmz6aoPZ7JK8FcrS/+XFP+HNixcPinj1brZdUVsHAsPMvCRvglgKg6775ExNz8zOzS8sFpaWV1bXiusbNRMlmkOVRzLSjYAZkEJBFQVKaMQaWBhIqAe3Z5lfvwNtRKSusB9DK2Q3SnQFZ2ildvEypH6nE2HqYw+QDagPUlLfCHW9T0ca3aNZ6CeTOcMUj8x3JpvIebtYcsvuEHSSeDkpkRyVdvHR3s6TEBRyyYxpem6MrZRpFFzCoOAnBmLGb9kNNC1VLATTSoe7D+iOVTq0G2l7FNKh+nsiZaEx/TCwyZBhz4x7mfif10ywe9xKhYoTBMVHD3UTSTGiWZG0IzRwlH1LGNfC/pXyHtOMo627YEvwxleeJLX9sndY9i4OSieneR0LZItsk13ikSNyQs5JhVQJJ/fkmbySN+fBeXHenY9RdMrJZzbJHzifXwWIrX0=</latexit>

m✓̈` sin2 ✓ +m✓̇2` cos ✓ sin ✓

<latexit sha1_base64="c6ldukGLC3XHBKdkhPIpEok4TT8="></latexit>

m`✓̈ +mẍ cos ✓ = �mg sin ✓

Block dynamics

Pendulum dynamics

<latexit sha1_base64="Yehs34o9+0i5p8PKpbTRzf95LmE="></latexit>
M +m m` cos ✓
m` cos ✓ m`2

�
<latexit sha1_base64="mSaBvVd7gWnM98q0P5fQaKuUMrc=">AAACIHicbVBNS8NAEN3U7/oV9ehlsQieSiKiHkUvHivYKjSlbDaTdulmE3YnYgn9KV78K148KKI3/TVu2yB+PVh4vDczO/PCTAqDnvfuVGZm5+YXFpeqyyura+vuxmbLpLnm0OSpTPV1yAxIoaCJAiVcZxpYEkq4CgdnY//qBrQRqbrEYQadhPWUiAVnaKWuexSE0BOqCBOGWtyOqkEUpVjcjmgQ0CkPsA/IrAMq+qrrujWv7k1A/xK/JDVSotF134Io5XkCCrlkxrR9L8NOwTQKLsFOzw1kjA9YD9qWKpaA6RSTA0d01yoRjVNtn0I6Ub93FCwxZpiEttLu1ze/vbH4n9fOMT7uFEJlOYLi04/iXFJM6TgtGgkNHOXQEsa1sLtS3meacbSZVm0I/u+T/5LWft0/rPsXB7WT0zKORbJNdsge8ckROSHnpEGahJM78kCeyLNz7zw6L87rtLTilD1b5Aecj0/MKqSd</latexit>
ẍ
✓̈

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

<latexit sha1_base64="O8Z07L2OFQhSqcoZT1L1skjMfBw="></latexit>
m✓̇2` sin ✓ + F1 � kx� dẋ

�mg sin ✓

�

<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="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="JIuH92v8f6Syraw1zPhv35p9Gi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOpF48V7Ac0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvTKUw6LpfTmltfWNzq7xd2dnd2z+oHh51TJJpxtsskYnuhdRwKRRvo0DJe6nmNA4l74aT27nffeTaiEQ94DTlQUxHSkSCUbRS12+K0cjPB9WaW3cXIH+JV5AaFGgNqp/+MGFZzBUySY3pe26KQU41Cib5rOJnhqeUTeiI9y1VNOYmyBfnzsiZVYYkSrQthWSh/pzIaWzMNA5tZ0xxbFa9ufif188wuglyodIMuWLLRVEmCSZk/jsZCs0ZyqkllGlhbyVsTDVlaBOq2BC81Zf/ks5F3buqe/eXtUaziKMMJ3AK5+DBNTTgDlrQBgYTeIIXeHVS59l5c96XrSWnmDmGX3A+vgEkN49y</latexit> (

…explicitly
<latexit sha1_base64="M3MSJND+/IddiCQHQOGFtZjRFps="></latexit>

m`2 �m` cos ✓
�m` cos ✓ M +m

�<latexit sha1_base64="mSaBvVd7gWnM98q0P5fQaKuUMrc=">AAACIHicbVBNS8NAEN3U7/oV9ehlsQieSiKiHkUvHivYKjSlbDaTdulmE3YnYgn9KV78K148KKI3/TVu2yB+PVh4vDczO/PCTAqDnvfuVGZm5+YXFpeqyyura+vuxmbLpLnm0OSpTPV1yAxIoaCJAiVcZxpYEkq4CgdnY//qBrQRqbrEYQadhPWUiAVnaKWuexSE0BOqCBOGWtyOqkEUpVjcjmgQ0CkPsA/IrAMq+qrrujWv7k1A/xK/JDVSotF134Io5XkCCrlkxrR9L8NOwTQKLsFOzw1kjA9YD9qWKpaA6RSTA0d01yoRjVNtn0I6Ub93FCwxZpiEttLu1ze/vbH4n9fOMT7uFEJlOYLi04/iXFJM6TgtGgkNHOXQEsa1sLtS3meacbSZVm0I/u+T/5LWft0/rPsXB7WT0zKORbJNdsge8ckROSHnpEGahJM78kCeyLNz7zw6L87rtLTilD1b5Aecj0/MKqSd</latexit>
ẍ
✓̈

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

<latexit sha1_base64="O8Z07L2OFQhSqcoZT1L1skjMfBw="></latexit>
m✓̇2` sin ✓ + F1 � kx� dẋ

�mg sin ✓

�
<latexit sha1_base64="UZ5sRyjggF3ZN0QvfjJN+PccPKU=">AAACFHicbZBNSwMxEIazflu/Vj16CRZBEcpuEfVY9OJFULAqdNuSTWdtMMkuyaxQlv4IL/4VLx4U8erBm//GtPag1RcCD+/MMJk3zqSwGASf3sTk1PTM7Nx8aWFxaXnFX127tGluONR5KlNzHTMLUmioo0AJ15kBpmIJV/Ht8aB+dQfGilRfYC+DpmI3WiSCM3RW29+NEsN4EfaLUxWBlK0q3aXbig6YRlZoGmEXkO20qv22Xw4qwVD0L4QjKJORztr+R9RJea5AI5fM2kYYZNgsmEHBJfRLUW4hY/yW3UDDoWYKbLMYHtWnW87p0CQ17mmkQ/fnRMGUtT0Vu07FsGvHawPzv1ojx+SwWQid5Qiafy9KckkxpYOEaEcY4Ch7Dhg3wv2V8i5zKaHLseRCCMdP/guX1Uq4XwnP98q1o1Ecc2SDbJJtEpIDUiMn5IzUCSf35JE8kxfvwXvyXr2379YJbzSzTn7Je/8CY3GdJQ==</latexit>

1

Mm`2 + (m` sin ✓)2



Linearization - Example

…around Equilibrium: 

Dynamics <latexit sha1_base64="v8dC06wjwKjPioExaKBN1kFzl04=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KomIuiy6cVnFPqCJZTKdtEMnkzAzkZaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY86Utu1va2V1bX1js7RV3t7Z3duvHFTbKkokoS0S8Uh2fawoZ4K2NNOcdmNJcehz2vHHN7nfeaJSsUg86GlMvRAPBQsYwdpI/Up1glwmkBtiPfL99D57NGLNrtszoGXiFKQGBZr9ypc7iEgSUqEJx0r1HDvWXoqlZoTTrOwmisaYjPGQ9gwVOKTKS2fZM3RilAEKImme0Gim/t5IcajUNPTNZJ5RLXq5+J/XS3Rw5aVMxImmgswPBQlHOkJ5EWjAJCWaTw3BRDKTFZERlphoU1fZlOAsfnmZtM/qzkXduTuvNa6LOkpwBMdwCg5cQgNuoQktIDCBZ3iFNyuzXqx362M+umIVO4fwB9bnD6G9lDA=</latexit>

x 2 Rn

Perturbed state & control

Equilibrium:

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

ẋ = f(x, u)
<latexit sha1_base64="MsOLpYsYp77Y6La+6O3WHmEkkUo=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlE1GXRjcsq9gFNLJPptB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DMniDlT2nG+rdLK6tr6RnmzsrW9s7tn71fbKkokoS0S8Uh2A6woZ4K2NNOcdmNJcRhw2gkm17nfeaRSsUjc62lM/RCPBBsygrWR+nY1QR4TyAuxHgdBepc9hH275tSdGdAycQtSgwLNvv3lDSKShFRowrFSPdeJtZ9iqRnhNKt4iaIxJhM8oj1DBQ6p8tNZ9gwdG2WAhpE0T2g0U39vpDhUahoGZjLPqBa9XPzP6yV6eOmnTMSJpoLMDw0TjnSE8iLQgElKNJ8agolkJisiYywx0aauiinBXfzyMmmf1t3zunt7VmtcFXWU4RCO4ARcuIAG3EATWkDgCZ7hFd6szHqx3q2P+WjJKnYO4A+szx+bepQs</latexit>

u 2 Rm

<latexit sha1_base64="iQBBMKr5A+lp5ldHcTeCo/7MiZw=">AAAB/HicbZDLSgMxFIbP1Futt9Eu3QSLUEHKjIiKIBTduKxgL9AOJZNm2tBMZkgyYhnqq7hxoYhbH8Sdb2PazkJbTwh8/P855OT3Y86UdpxvK7e0vLK6ll8vbGxube/Yu3sNFSWS0DqJeCRbPlaUM0HrmmlOW7GkOPQ5bfrDm4nffKBSsUjc61FMvRD3BQsYwdpIXbv4eJxcoo45QdngEbpCTtcuORVnWmgR3AxKkFWta391ehFJQio04ViptuvE2kux1IxwOi50EkVjTIa4T9sGBQ6p8tLp8mN0aJQeCiJprtBoqv6eSHGo1Cj0TWeI9UDNexPxP6+d6ODCS5mIE00FmT0UJBzpCE2SQD0mKdF8ZAATycyuiAywxESbvAomBHf+y4vQOKm4ZxX37rRUvc7iyMM+HEAZXDiHKtxCDepAYATP8Apv1pP1Yr1bH7PWnJXNFOFPWZ8/5DGSVw==</latexit>

x, u : f(x, u) = 0

<latexit sha1_base64="udbIWCyqgcGdm5N6jTM8ULt+Dmc="></latexit>

ẋ(t) + �̇x(t) = f
�
x
�
+


@f

@x

�

x(t)

�x(t)

<latexit sha1_base64="mQ+b53vqlLJhse5/dN522lqI37U=">AAACD3icbVDLSgMxFM3UV62vUZdugkWpFMqMiLoRirpwWcE+oC0lk2ba0MyD5I60DPMHbvwVNy4UcevWnX9j2o6grQdCTs65N8k9Tii4Asv6MjILi0vLK9nV3Nr6xuaWub1TU0EkKavSQASy4RDFBPdZFTgI1gglI54jWN0ZXI39+j2Tigf+HYxC1vZIz+cupwS01DEPW90A4mFSnOytayaA4GGCL7BbGBZ/zkcdM2+VrAnwPLFTkkcpKh3zU19II4/5QAVRqmlbIbRjIoFTwZJcK1IsJHRAeqypqU88ptrxZJ4EH2ili91A6uUDnqi/O2LiKTXyHF3pEeirWW8s/uc1I3DP2zH3wwiYT6cPuZHAEOBxOLjLJaMgRpoQKrn+K6Z9IgkFHWFOh2DPjjxPascl+7Rk357ky5dpHFm0h/ZRAdnoDJXRDaqgKqLoAT2hF/RqPBrPxpvxPi3NGGnPLvoD4+MbaQybmQ==</latexit>

ẋ+ �̇x = f(x+�x)
<latexit sha1_base64="BIH5FSB6ZxIcDITc9WyNoRUPyhg="></latexit>

ẋ+ �̇x = f(x) +


@f

@x

�
�x

0
<latexit sha1_base64="bw1u7P7Zp7OOD1ais8YxPCkTkGI="></latexit>

�̇x =


@f

@x

�
�x

<latexit sha1_base64="8yaoKCskarkczxuKjVJDmOoaVJQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRiyhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD6DGNAg==</latexit>x

<latexit sha1_base64="8yaoKCskarkczxuKjVJDmOoaVJQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRiyhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD6DGNAg==</latexit>x

0

<latexit sha1_base64="9KnHSHIoOGgp+ngm5C8tPQT5MQY=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEIFaEkIuqxqAePFewHtKFstpt26WYTdifSGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMPD8WXIPjfFu5ldW19Y38ZmFre2e3aO/tN3SUKMrqNBKRavlEM8ElqwMHwVqxYiT0BWv6w5up33xkSvNIPsA4Zl5I+pIHnBIwUtcujvAp7twyAQSPynDStUtOxZkBLxM3IyWUoda1vzq9iCYhk0AF0brtOjF4KVHAqWCTQifRLCZ0SPqsbagkIdNeOjt8go+N0sNBpExJwDP190RKQq3HoW86QwIDvehNxf+8dgLBlZdyGSfAJJ0vChKBIcLTFHCPK0ZBjA0hVHFzK6YDoggFk1XBhOAuvrxMGmcV96Li3p+XqtdZHHl0iI5QGbnoElXRHaqhOqIoQc/oFb1ZT9aL9W59zFtzVjZzgP7A+vwBqciRzQ==</latexit>

x+�x(t)
<latexit sha1_base64="0LnMtUqEaBnk4McI3obTYTPwZiI=">AAAB+XicbVBNSwMxEM36WevXqkcvwSJUhLIroh6LevBYwX5Au5Rsmm1Ds9klmRTK0n/ixYMiXv0n3vw3pu0etPXBwOO9GWbmhangGjzv21lZXVvf2CxsFbd3dvf23YPDhk6MoqxOE5GoVkg0E1yyOnAQrJUqRuJQsGY4vJv6zRFTmifyCcYpC2LSlzzilICVuq5r8Dnu3DMBBBtchrOuW/Iq3gx4mfg5KaEcta771ekl1MRMAhVE67bvpRBkRAGngk2KHaNZSuiQ9FnbUklipoNsdvkEn1qlh6NE2ZKAZ+rviYzEWo/j0HbGBAZ60ZuK/3ltA9FNkHGZGmCSzhdFRmBI8DQG3OOKURBjSwhV3N6K6YAoQsGGVbQh+IsvL5PGRcW/qviPl6XqbR5HAR2jE1RGPrpGVfSAaqiOKBqhZ/SK3pzMeXHenY9564qTzxyhP3A+fwD6N5Hx</latexit>

u+�u(t)

<latexit sha1_base64="17YPVym2JA9ikXVfVG7XzZacEV0=">AAACAXicbZDLSgMxFIbP1Futt1E3gptgESpKmRFRl0VduKxgL9AOJZNmamgmMyQZaSl146u4caGIW9/CnW9j2o6grT8EPv5zDifn92POlHacLyszN7+wuJRdzq2srq1v2JtbVRUlktAKiXgk6z5WlDNBK5ppTuuxpDj0Oa353ctRvXZPpWKRuNX9mHoh7ggWMIK1sVr2TlDoHTavKNcY9Y6SH0wOWnbeKTpjoVlwU8hDqnLL/my2I5KEVGjCsVIN14m1N8BSM8LpMNdMFI0x6eIObRgUOKTKG4wvGKJ947RREEnzhEZj9/fEAIdK9UPfdIZY36np2sj8r9ZIdHDuDZiIE00FmSwKEo50hEZxoDaTlGjeN4CJZOaviNxhiYk2oeVMCO70ybNQPS66p0X35iRfukjjyMIu7EEBXDiDElxDGSpA4AGe4AVerUfr2Xqz3ietGSud2YY/sj6+AUePlYA=</latexit>

f(x+�x, u+�u)
<latexit sha1_base64="orSfGLXTVHERHmYWJCN2WgHOPik=">AAACJHicbZDJSgNBEIZ73I1b1KOXxiAIQpgRUcFLUA8eFcwCmSH0dGqSxp6F7hohDPMwXnwVLx5c8ODFZ7EnGXAtaPj4/yqq6/cTKTTa9rs1NT0zOze/sFhZWl5ZXauub7R0nCoOTR7LWHV8pkGKCJooUEInUcBCX0Lbvzkr/PYtKC3i6BpHCXghG0QiEJyhkXrVkz3qSgiwS13qBorxzE2YQsEkDfIvTvPCV2IwRI+65yCR0bRXrdl1e1z0Lzgl1EhZl73qi9uPeRpChFwyrbuOnaCXFTu4hLziphoSxm/YALoGIxaC9rLxkTndMUqfBrEyL0I6Vr9PZCzUehT6pjNkONS/vUL8z+umGBx7mYiSFCHik0VBKinGtEiM9oUCjnJkgHElzF8pHzITFZpcKyYE5/fJf6G1X3cO687VQa1xWsaxQLbINtklDjkiDXJBLkmTcHJHHsgTebburUfr1XqbtE5Z5cwm+VHWxyfGJqRL</latexit>

+


@f

@u

�
�u

<latexit sha1_base64="k9OxXNv9uJlv+1nWW3d/WChKjbo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB46WM/w==</latexit>u
<latexit sha1_base64="orSfGLXTVHERHmYWJCN2WgHOPik=">AAACJHicbZDJSgNBEIZ73I1b1KOXxiAIQpgRUcFLUA8eFcwCmSH0dGqSxp6F7hohDPMwXnwVLx5c8ODFZ7EnGXAtaPj4/yqq6/cTKTTa9rs1NT0zOze/sFhZWl5ZXauub7R0nCoOTR7LWHV8pkGKCJooUEInUcBCX0Lbvzkr/PYtKC3i6BpHCXghG0QiEJyhkXrVkz3qSgiwS13qBorxzE2YQsEkDfIvTvPCV2IwRI+65yCR0bRXrdl1e1z0Lzgl1EhZl73qi9uPeRpChFwyrbuOnaCXFTu4hLziphoSxm/YALoGIxaC9rLxkTndMUqfBrEyL0I6Vr9PZCzUehT6pjNkONS/vUL8z+umGBx7mYiSFCHik0VBKinGtEiM9oUCjnJkgHElzF8pHzITFZpcKyYE5/fJf6G1X3cO687VQa1xWsaxQLbINtklDjkiDXJBLkmTcHJHHsgTebburUfr1XqbtE5Z5cwm+VHWxyfGJqRL</latexit>

+


@f

@u

�
�u

<latexit sha1_base64="k9OxXNv9uJlv+1nWW3d/WChKjbo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB46WM/w==</latexit>u

<latexit sha1_base64="pqC2ZLX/RtzRDltX8b7rbU+JiGs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuqx6MVjBfsB7VKyabaNzSZLkhXL0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDP1W49UaSbFvRnH1I/wQLCQEWys1AzLT2fJaa9YcivuDGiZeBkpQYZ6r/jV7UuSRFQYwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsFTii2k9n107QiVX6KJTKljBopv6eSHGk9TgKbGeEzVAvelPxP6+TmPDKT5mIE0MFmS8KE46MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQAUbgrf48jJpViveRcW7Oy/VrrM48nAEx1AGDy6hBrdQhwYQeIBneIU3RzovzrvzMW/NOdnMIfyB8/kDrxmOjA==</latexit>

f(x, u)

<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="Q07TjtbmaUB2B1osmd0oDXdmKio=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWMF+wFtKJvtpl262cTdiVhC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e03TJxqxusslrFuBdRwKRSvo0DJW4nmNAokbwbD64nffOTaiFjd4yjhfkT7SoSCUbRSq3PDJVLy1C2V3Yo7BVkkXk7KkKPWLX11ejFLI66QSWpM23MT9DOqUTDJx8VOanhC2ZD2edtSRSNu/Gx675gcW6VHwljbUkim6u+JjEbGjKLAdkYUB2bem4j/ee0Uw0s/EypJkSs2WxSmkmBMJs+TntCcoRxZQpkW9lbCBlRThjaiog3Bm395kTROK955xbs7K1ev8jgKcAhHcAIeXEAVbqEGdWAg4Rle4c15cF6cd+dj1rrk5DMH8AfO5w+XfY+u</latexit>

�x

Free Body Diagrams

<latexit sha1_base64="XKeW0ayLm7LV7UayuyRAufU9g1Y=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUS9CURCPFewHtEvJptk2bJJdk6xYlv4JLx4U8erf8ea/MW33oK0PBh7vzTAzL0g408Z1v53C0vLK6lpxvbSxubW9U97da+o4VYQ2SMxj1Q6wppxJ2jDMcNpOFMUi4LQVRNcTv/VIlWaxvDejhPoCDyQLGcHGSu2bXoQuUfTUK1fcqjsFWiReTiqQo94rf3X7MUkFlYZwrHXHcxPjZ1gZRjgdl7qppgkmER7QjqUSC6r9bHrvGB1ZpY/CWNmSBk3V3xMZFlqPRGA7BTZDPe9NxP+8TmrCCz9jMkkNlWS2KEw5MjGaPI/6TFFi+MgSTBSztyIyxAoTYyMq2RC8+ZcXSfOk6p1VvbvTSu0qj6MIB3AIx+DBOdTgFurQAAIcnuEV3pwH58V5dz5mrQUnn9mHP3A+fwDu0I9A</latexit>

Fk = kx
<latexit sha1_base64="DcSLeTw9fOIqvLC2WWhRcSe8MJA=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9SIEBfEYwTwgWcPs7GwyZPbBTK8alvyHFw+KePVfvPk3TpI9aGLBQFHVRfeUl0ih0ba/rYXFpeWV1cJacX1jc2u7tLPb0HGqGK+zWMaq5VHNpYh4HQVK3koUp6EnedMbXI395gNXWsTRHQ4T7oa0F4lAMIpGur/u+uSC+B0/xuxp1C2V7Yo9AZknTk7KkKPWLX2ZJEtDHiGTVOu2YyfoZlShYJKPip1U84SyAe3xtqERDbl2s8nVI3JoFJ8EsTIvQjJRfycyGmo9DD0zGVLs61lvLP7ntVMMzt1MREmKPGLTRUEqCcZkXAHxheIM5dAQypQwtxLWp4oyNEUVTQnO7JfnSeO44pxWnNuTcvUyr6MA+3AAR+DAGVThBmpQBwYKnuEV3qxH68V6tz6mowtWntmDP7A+fwC+jZIJ</latexit>

Fd = dẋ

<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="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="p0xNW86LSSNl+5eaBt4B1p/el+M=">AAACG3icbVDLSgMxFM34rPVVdekmWARBLDNF1I1QFMRlBfuAzjBkMmkbmskMyR1pGfofbvwVNy4UcSW48G9MHwttPZDL4dxzubknSATXYNvf1sLi0vLKam4tv76xubVd2Nmt6zhVlNVoLGLVDIhmgktWAw6CNRPFSBQI1gh616N+44EpzWN5D4OEeRHpSN7mlICR/EI5wm4YxpD1h/gS3/gOPjY1wa7mErvQZUDwCe71TQndic8vFO2SPQaeJ86UFNEUVb/waSZpGjEJVBCtW46dgJcRBZwKNsy7qWYJoT3SYS1DJYmY9rLxbUN8aJQQt2NlngQ8Vn9PZCTSehAFxhkR6OrZ3kj8r9dKoX3hZVwmKTBJJ4vaqcAQ41FQOOSKURADQwhV3PwV0y5RhIKJM29CcGZPnif1csk5Kzl3p8XK1TSOHNpHB+gIOegcVdAtqqIaougRPaNX9GY9WS/Wu/UxsS5Y05k99AfW1w8nXJ8I</latexit>

mẍ = F1 + Fp sin ✓ � kx� dẋ
<latexit sha1_base64="PP3Z77Z9tarQVDsZvZMLQUU8g1I=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68SJUsB/YhrLZbNulm03YnYgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJ74zUeujYjVPY4S7ke0r0RPMIpWerglnTCMMXsad0tlt+JOQRaJl5My5Kh1S1+dMGZpxBUySY1pe26CfkY1Cib5uNhJDU8oG9I+b1uqaMSNn00vHpNjq4SkF2tbCslU/T2R0ciYURTYzojiwMx7E/E/r51i79LPhEpS5IrNFvVSSTAmk/dJKDRnKEeWUKaFvZWwAdWUoQ2paEPw5l9eJI3Tinde8e7OytWrPI4CHMIRnIAHF1CFG6hBHRgoeIZXeHOM8+K8Ox+z1iUnnzmAP3A+fwBzoZDI</latexit>

Mẍ

<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="Jsi4dzOG2Sm55XN49S06et1hp+E=">AAACOnicbVDLSgMxFM34rPVVdekmWARBLDNF1GXRjcsWbCt0asmktzaYyQzJHbEM/S43foU7F25cKOLWDzBtR3weCJyce+5N7gliKQy67oMzNT0zOzefW8gvLi2vrBbW1hsmSjSHOo9kpM8DZkAKBXUUKOE81sDCQEIzuDoZ1ZvXoI2I1BkOYmiH7FKJnuAMrdQp1ELqd7sRpjdDuks/Lz72AdmQ+iAl9Xlk6EShe2PLl+OinHmMUJmnUyi6JXcM+pd4GSmSDNVO4d5O5EkICrlkxrQ8N8Z2yjQKLmGY9xMDMeNX7BJalioWgmmn49WHdNsqXdqLtD0K6Vj93pGy0JhBGFhnyLBvftdG4n+1VoK9o3YqVJwgKD55qJdIihEd5Ui7QgNHObCEcS3sXynvM8042rTzNgTv98p/SaNc8g5KXm2/WDnO4siRTbJFdohHDkmFnJIqqRNObskjeSYvzp3z5Lw6bxPrlJP1bJAfcN4/AASBrPw=</latexit>

mẍ+m✓̈` cos ✓ �m✓̇2` sin ✓
<latexit sha1_base64="7a3YZKTVQ2JLE2MiTaS0Ry4KtXw=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCG0siom6EoiAuK9gHNCFMptN26GQSZm6EGoq/4saFIm79D3f+jdM2C209cOFwzr3ce0+YCK7Bcb6twsLi0vJKcbW0tr6xuWVv7zR0nCrK6jQWsWqFRDPBJasDB8FaiWIkCgVrhoPrsd98YErzWN7DMGF+RHqSdzklYKTA3jvGN0GCPc0l9qDPgOBLHNhlp+JMgOeJm5MyylEL7C+vE9M0YhKoIFq3XScBPyMKOBVsVPJSzRJCB6TH2oZKEjHtZ5PrR/jQKB3cjZUpCXii/p7ISKT1MApNZ0Sgr2e9sfif106he+FnXCYpMEmni7qpwBDjcRS4wxWjIIaGEKq4uRXTPlGEggmsZEJwZ1+eJ42TintWce9Oy9WrPI4i2kcH6Ai56BxV0S2qoTqi6BE9o1f0Zj1ZL9a79TFtLVj5zC76A+vzBw9jk7A=</latexit>

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

<latexit sha1_base64="QtP787QrrEy8GB7uCRdbP2CDrmk=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ3lhkRdSMUBXFZwT6gM5RMJm1Dk8mQ3BHK0A9w46+4caGIWz/AnX9j2s5CWw8kHM45l+SeMBHcgOt+OwuLS8srq4W14vrG5tZ2aWe3YVSqKatTJZRuhcQwwWNWBw6CtRLNiAwFa4aD67HffGDacBXfwzBhgSS9mHc5JWClTqks/ShSkA1HnQRf4ht7+1QZ7EOfAcHHWPawTbkVdwI8T7yclFGOWqf05UeKppLFQAUxpu25CQQZ0cCpYKOinxqWEDogPda2NCaSmSCbLDPCh1aJcFdpe2LAE/X3REakMUMZ2qQk0Dez3lj8z2un0L0IMh4nKbCYTh/qpgKDwuNmcMQ1oyCGlhCquf0rpn2iCQXbX9GW4M2uPE8aJxXvrOLdnZarV3kdBbSPDtAR8tA5qqJbVEN1RNEjekav6M15cl6cd+djGl1w8pk99AfO5w+ZIJoJ</latexit>

mÿp = Fp cos ✓ �mg
<latexit sha1_base64="xySbTQ2jy2JRwz8E04CIg2MGA90=">AAACMHicbVBNSwMxFMz6WevXqkcvwSIIQtkVUS9C0YMeFawK3bVk01cbzGaX5K1Qlv4kL/4UvSgo4tVfYdouqK0DgWFmXpI3USqFQc97dSYmp6ZnZktz5fmFxaVld2X10iSZ5lDniUz0dcQMSKGgjgIlXKcaWBxJuIrujvv+1T1oIxJ1gd0UwpjdKtEWnKGVmu7JIY1p0GolmAfYAWQ9GoCUNDBC0aFC6fYg8xO52SlCPDFFqOlWvKo3AB0nfkEqpMBZ032yN/IsBoVcMmMavpdimDONgkvolYPMQMr4HbuFhqWKxWDCfLBwj25apUXbibZHIR2ovydyFhvTjSObjBl2zKjXF//zGhm2D8JcqDRDUHz4UDuTFBPab4+2hAaOsmsJ41rYv1LeYZpxtB2XbQn+6Mrj5HKn6u9V/fPdSu2oqKNE1skG2SI+2Sc1ckrOSJ1w8kCeyRt5dx6dF+fD+RxGJ5xiZo38gfP1DW5pqKQ=</latexit>

= m✓̈` sin ✓ +m✓̇2` cos ✓ <latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

Pendulum kinematics:
<latexit sha1_base64="B65hDJzIjd9jdmIEBDa7k9iPGnw=">AAACA3icbVDLSgNBEJz1GeMr6k0vg0EQhLArol6EoBePEcwDsiHMTjrJkNnZZaZXEkLAi7/ixYMiXv0Jb/6Nk2QPmljQUFR1090VxFIYdN1vZ2FxaXllNbOWXd/Y3NrO7exWTJRoDmUeyUjXAmZACgVlFCihFmtgYSChGvRuxn71AbQRkbrHQQyNkHWUaAvO0ErN3H6/GdMr2qcn1AcpqW+Eoj52AVkzl3cL7gR0nngpyZMUpWbuy29FPAlBIZfMmLrnxtgYMo2CSxhl/cRAzHiPdaBuqWIhmMZw8sOIHlmlRduRtqWQTtTfE0MWGjMIA9sZMuyaWW8s/ufVE2xfNoZCxQmC4tNF7URSjOg4ENoSGjjKgSWMa2FvpbzLNONoY8vaELzZl+dJ5bTgnRe8u7N88TqNI0MOyCE5Jh65IEVyS0qkTDh5JM/klbw5T86L8+58TFsXnHRmj/yB8/kDs9+WTQ==</latexit>

xp = x+ ` sin ✓
<latexit sha1_base64="EsqTsYIbKO6gGsQ9eDr5FLkFiOI=">AAACHHicbZDLSgMxFIYz9VbrbdSlm2ARBKHMqKgboejGZQV7gU4pmfS0Dc1cSM6IZeiDuPFV3LhQxI0LwbcxbWehrT8EPv5zTpLz+7EUGh3n28otLC4tr+RXC2vrG5tb9vZOTUeJ4lDlkYxUw2capAihigIlNGIFLPAl1P3B9bhevwelRRTe4TCGVsB6oegKztBYbfvE60SYPozaMb2kGdOjKXnYB2Qj6oGU1OORplOnbRedkjMRnQc3gyLJVGnbn+Y+ngQQIpdM66brxNhKmULBJYwKXqIhZnzAetA0GLIAdCudLDeiB8bp0G6kzAmRTtzfEykLtB4GvukMGPb1bG1s/ldrJti9aKUijBOEkE8f6iaSYkTHSdGOUMBRDg0wroT5K+V9phhHk2fBhODOrjwPteOSe1Zyb0+L5assjjzZI/vkkLjknJTJDamQKuHkkTyTV/JmPVkv1rv1MW3NWdnMLvkj6+sHh1ahpQ==</latexit>

ẋp = ẋ+ ✓̇` cos ✓
<latexit sha1_base64="hg/Fzt04NZ/kubNG6BBmTEqyAng="></latexit>

ẍp = ẍ+ ✓̈` cos ✓ � ✓̇2` sin ✓

<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 ✓

Full State Space Model  - 2nd Order

<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

Block dynamics

Pendulum dynamics

<latexit sha1_base64="M3MSJND+/IddiCQHQOGFtZjRFps="></latexit>
m`2 �m` cos ✓

�m` cos ✓ M +m

�
<latexit sha1_base64="O8Z07L2OFQhSqcoZT1L1skjMfBw="></latexit>
m✓̇2` sin ✓ + F1 � kx� dẋ

�mg sin ✓

�<latexit sha1_base64="UZ5sRyjggF3ZN0QvfjJN+PccPKU=">AAACFHicbZBNSwMxEIazflu/Vj16CRZBEcpuEfVY9OJFULAqdNuSTWdtMMkuyaxQlv4IL/4VLx4U8erBm//GtPag1RcCD+/MMJk3zqSwGASf3sTk1PTM7Nx8aWFxaXnFX127tGluONR5KlNzHTMLUmioo0AJ15kBpmIJV/Ht8aB+dQfGilRfYC+DpmI3WiSCM3RW29+NEsN4EfaLUxWBlK0q3aXbig6YRlZoGmEXkO20qv22Xw4qwVD0L4QjKJORztr+R9RJea5AI5fM2kYYZNgsmEHBJfRLUW4hY/yW3UDDoWYKbLMYHtWnW87p0CQ17mmkQ/fnRMGUtT0Vu07FsGvHawPzv1ojx+SwWQid5Qiafy9KckkxpYOEaEcY4Ch7Dhg3wv2V8i5zKaHLseRCCMdP/guX1Uq4XwnP98q1o1Ecc2SDbJJtEpIDUiMn5IzUCSf35JE8kxfvwXvyXr2379YJbzSzTn7Je/8CY3GdJQ==</latexit>

1

Mm`2 + (m` sin ✓)2

<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="Js4VCSHcWG628qL/5VRGPKidJso=">AAACO3icbVA9T8MwEHX4LOWrwMhiUSExVQlCwFjBwlgQbZGaqHKca2vhOJF9QVRR/xcLf4KNhYUBhFjZcdsI8XWS5ef37nx3L0ylMOi6j87M7Nz8wmJpqby8srq2XtnYbJkk0xyaPJGJvgqZASkUNFGghKtUA4tDCe3w+nSst29AG5GoSxymEMSsr0RPcIaW6lYu/BD6QuVhzFCL2xH1owTz8e1PoY8DQFa8v2s/RFDR1xfdStWtuZOgf4FXgCopotGtPNhOPItBIZfMmI7nphjkTKPgEkZlPzOQMn7N+tCxULEYTJBPdh/RXctEtJdoexTSCfu9ImexMcM4tJl2voH5rY3J/7ROhr3jIBcqzRAUnzbqZZJiQsdG0kho4CiHFjCuhZ2V8gHTjKO1u2xN8H6v/Be09mveYc07P6jWTwo7SmSb7JA94pEjUidnpEGahJM78kReyKtz7zw7b877NHXGKWq2yI9wPj4BCJyv5w==</latexit>2

664

ẋ
✓̇
ẍ
✓̈

3

775
<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

✓̇

�

Linearization
Option 1: from explicit formula…(expand out, take partial derivatives)

Option 2: using matrix forms…(more general)

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

ż =

<latexit sha1_base64="mHDFkds760jfd7pGEB57BX8pu/M=">AAAB+XicbVDJSgNBEK1xjXEb9eilMQgRJMyIqBch6MVjBLNAMoSeTk/SpGehuyaQDPkTLx4U8eqfePNv7CwHTXxQ8Hivqrvq+YkUGh3n21pZXVvf2Mxt5bd3dvf27YPDmo5TxXiVxTJWDZ9qLkXEqyhQ8kaiOA19yet+/37i1wdcaRFHTzhMuBfSbiQCwSgaqW3brU6M2WhMbklQHJ2nZ2274JScKcgyceekAHNU2vaXeYKlIY+QSap103US9DKqUDDJx/lWqnlCWZ92edPQiIZce9l08zE5NUqHBLEyFSGZqr8nMhpqPQx90xlS7OlFbyL+5zVTDG68TERJijxis4+CVBKMySQG0hGKM5RDQyhTwuxKWI8qytCElTchuIsnL5PaRcm9KrmPl4Xy3TyOHBzDCRTBhWsowwNUoAoMBvAMr/BmZdaL9W59zFpXrPnMEfyB9fkDLS2StQ==</latexit>

ż = f(z, u)

<latexit sha1_base64="qZlt3bVD6fA8khY0VoNrtSwhSKo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cq9gOaUDbbbbt0kw27E6WE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo14w2mpNLtkBouRcwbKFDydqI5jULJW+HoZuq3Hrk2QsUPOE54ENFBLPqCUbSS79+LwRCp1uqJdMsVt+rOQJaJl5MK5Kh3y19+T7E04jEySY3peG6CQUY1Cib5pOSnhieUjeiAdyyNacRNkM1unpATq/RIX2lbMZKZ+nsio5Ex4yi0nRHFoVn0puJ/XifF/lWQiThJkcdsvqifSoKKTAMgPaE5Qzm2hDIt7K2EDammDG1MJRuCt/jyMmmeVb2Lqnd3Xqld53EU4QiO4RQ8uIQa3EIdGsAggWd4hTcndV6cd+dj3lpw8plD+APn8wftEJGd</latexit>)

<latexit sha1_base64="SFgrURkYWPYU6Z0P3JdWvrtmS/Y=">AAACEnicbVDLSsNAFL2pr1pfUZduBougm5KIqBuh6MZlBfuAJpTJdNIOnTyYmQg15Bvc+CtuXCji1pU7/8ZJG1BbDwwczrn3zr3HizmTyrK+jNLC4tLySnm1sra+sbllbu+0ZJQIQpsk4pHoeFhSzkLaVExx2okFxYHHadsbXeV++44KyaLwVo1j6gZ4EDKfEay01DOPHF9gkjoxFophjpwAq6HnpzjLfsT7DF2gnlm1atYEaJ7YBalCgUbP/HT6EUkCGirCsZRd24qVm+YzCadZxUkkjTEZ4QHtahrigEo3nZyUoQOt9JEfCf1ChSbq744UB1KOA09X5hvLWS8X//O6ifLP3ZSFcaJoSKYf+QlHKkJ5PqjPBCWKjzXBRDC9KyJDrDNSOsWKDsGePXmetI5r9mnNvjmp1i+LOMqwB/twCDacQR2uoQFNIPAAT/ACr8aj8Wy8Ge/T0pJR9OzCHxgf38UrniM=</latexit>

@a

@z
=

<latexit sha1_base64="svz8FJS294fDcU+MIroBbS5gEGw=">AAACBnicbZDLSsNAFIZPvNZ6i7oUYbAIbiyJiLoRim50IVSwF2hjmUwn7dDJhZmJUEJWbnwVNy4UceszuPNtnLQBtfWHgY//nMOc87sRZ1JZ1pcxMzs3v7BYWCour6yurZsbm3UZxoLQGgl5KJoulpSzgNYUU5w2I0Gx73LacAcXWb1xT4VkYXCrhhF1fNwLmMcIVtrqmDttH6u+6yXX6Q/dJQd2is7QVccsWWVrJDQNdg4lyFXtmJ/tbkhinwaKcCxly7Yi5SRYKEY4TYvtWNIIkwHu0ZbGAPtUOsnojBTtaaeLvFDoFyg0cn9PJNiXcui7ujNbVU7WMvO/WitW3qmTsCCKFQ3I+CMv5kiFKMsEdZmgRPGhBkwE07si0scCE6WTK+oQ7MmTp6F+WLaPy/bNUalynsdRgG3YhX2w4QQqcAlVqAGBB3iCF3g1Ho1n4814H7fOGPnMFvyR8fENdLmYcw==</latexit>

MM�1 = INote:
<latexit sha1_base64="qZlt3bVD6fA8khY0VoNrtSwhSKo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cq9gOaUDbbbbt0kw27E6WE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo14w2mpNLtkBouRcwbKFDydqI5jULJW+HoZuq3Hrk2QsUPOE54ENFBLPqCUbSS79+LwRCp1uqJdMsVt+rOQJaJl5MK5Kh3y19+T7E04jEySY3peG6CQUY1Cib5pOSnhieUjeiAdyyNacRNkM1unpATq/RIX2lbMZKZ+nsio5Ex4yi0nRHFoVn0puJ/XifF/lWQiThJkcdsvqifSoKKTAMgPaE5Qzm2hDIt7K2EDammDG1MJRuCt/jyMmmeVb2Lqnd3Xqld53EU4QiO4RQ8uIQa3EIdGsAggWd4hTcndV6cd+dj3lpw8plD+APn8wftEJGd</latexit>)

<latexit sha1_base64="QkSoWMuZrR9UuLdAT4gAVlaR/7w=">AAACGHicbVDLSgMxFM3UV62vUZdugkVoQeuMiLoRioK4ESrYB7S1ZNJMG5rJDElGqMN8hht/xY0LRdx259+Yaaeg1gOBk3Pu5d57nIBRqSzry8jMzS8sLmWXcyura+sb5uZWTfqhwKSKfeaLhoMkYZSTqqKKkUYgCPIcRurO4DLx6w9ESOrzOzUMSNtDPU5dipHSUsc8bHlI9R03QjE8h3D6u4kLj8X76MCOp8qVVvbDYsfMWyVrDDhL7JTkQYpKxxy1uj4OPcIVZkjKpm0Fqh0hoShmJM61QkkChAeoR5qacuQR2Y7Gh8VwTytd6PpCP67gWP3ZESFPyqHn6MpkTfnXS8T/vGao3LN2RHkQKsLxZJAbMqh8mKQEu1QQrNhQE4QF1btC3EcCYaWzzOkQ7L8nz5LaUck+Kdm3x/nyRRpHFuyAXVAANjgFZXANKqAKMHgCL+ANvBvPxqvxYXxOSjNG2rMNfsEYfQNYm59V</latexit>

a = M(z)�1F(z, u)

<latexit sha1_base64="VoTT1e3lyiZORdOgImx1WN7/xms="></latexit>2

4
| |

M(z)�1 @M
@z1

M(z)�1F · · · M(z)�1 @M
@zn

M(z)�1F
| |

3

5

<latexit sha1_base64="zME07SMlgVXA1ulf7zQOM12cPFc=">AAACXnicdVFdS8MwFE2rzrk5V/VF8CU4BEEcrYj6Igx98UWY4NxgrSXN0i0s/SBJhVn6J30TX/wppl1huumFwOGce09uTryYUSFN80PT19Y3KpvVrVp9u7HTNHb3nkWUcEx6OGIRH3hIEEZD0pNUMjKIOUGBx0jfm97lev+VcEGj8EnOYuIEaBxSn2IkFeUaie1zhFM7RlxSxKAdIDnx/PQhyxbkmzvNFsJLemZl8HRBwH89itYlI3gDTddomW2zKLgKrBK0QFld13i3RxFOAhJKzJAQQ8uMpZPmtpiRrGYngsQIT9GYDBUMUUCEkxbxZPBYMSPoR1ydUMKC/TmRokCIWeCpznxzsazl5F/aMJH+tZPSME4kCfH8Ij9hUEYwzxqOKCdYspkCCHOqdoV4glRWUv1ITYVgLT95FTyft63LtvV40erclnFUwSE4AifAAlegA+5BF/QABp+aptW0uvalV/SG3py36lo5sw9+lX7wDf4vtxI=</latexit>

@M

@zk
M�1 +M

@M�1

@zk
= 0

<latexit sha1_base64="68qGgmiSIsFbh6XgbsQdjOhg8ys=">AAACY3icdVFdS8MwFE2rzrmpq9M3EYJD8GWjFVFfhKEvvggT3AesdaRZuoWlHySpsJX+Sd9888X/YboV1E4vBA7n3JN7c+JGjAppmu+avrG5Vdou71Squ3v7NeOg3hNhzDHp4pCFfOAiQRgNSFdSycgg4gT5LiN9d3af6f1XwgUNg2c5j4jjo0lAPYqRVNTIWEDb4wgndoS4pIhB20dy6nrJY/qSNK00/VYWo1kKb2Gz2PLvBQVvwQZHRsNsmcuC68DKQQPk1RkZb/Y4xLFPAokZEmJomZF0kmwEZiSt2LEgEcIzNCFDBQPkE+Eky4xSeKaYMfRCrk4g4ZL96UiQL8Tcd1Vntqcoahn5lzaMpXfjJDSIYkkCvBrkxQzKEGaBwzHlBEs2VwBhTtWuEE+Rikyqb6moEKzik9dB76JlXbWsp8tG+y6PowyOwSk4Bxa4Bm3wADqgCzD40EpaTTO0T72q1/WjVauu5Z5D8Kv0ky/GP7jq</latexit>

@M�1

@zk
= �M�1 @M

@zk
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

Option 1: from explicit formula…(expand out, take partial derivatives)

Option 2: using matrix forms…(more general)

…conceptually simpler…more chances for arithmetic errors

…conceptually harder…less chances for arithmetic errors



Linearization - Example

…around Equilibrium: 

Dynamics <latexit sha1_base64="v8dC06wjwKjPioExaKBN1kFzl04=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KomIuiy6cVnFPqCJZTKdtEMnkzAzkZaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY86Utu1va2V1bX1js7RV3t7Z3duvHFTbKkokoS0S8Uh2fawoZ4K2NNOcdmNJcehz2vHHN7nfeaJSsUg86GlMvRAPBQsYwdpI/Up1glwmkBtiPfL99D57NGLNrtszoGXiFKQGBZr9ypc7iEgSUqEJx0r1HDvWXoqlZoTTrOwmisaYjPGQ9gwVOKTKS2fZM3RilAEKImme0Gim/t5IcajUNPTNZJ5RLXq5+J/XS3Rw5aVMxImmgswPBQlHOkJ5EWjAJCWaTw3BRDKTFZERlphoU1fZlOAsfnmZtM/qzkXduTuvNa6LOkpwBMdwCg5cQgNuoQktIDCBZ3iFNyuzXqx362M+umIVO4fwB9bnD6G9lDA=</latexit>

x 2 Rn

Perturbed state & control

Equilibrium:

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

ẋ = f(x, u)
<latexit sha1_base64="MsOLpYsYp77Y6La+6O3WHmEkkUo=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlE1GXRjcsq9gFNLJPptB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DMniDlT2nG+rdLK6tr6RnmzsrW9s7tn71fbKkokoS0S8Uh2A6woZ4K2NNOcdmNJcRhw2gkm17nfeaRSsUjc62lM/RCPBBsygrWR+nY1QR4TyAuxHgdBepc9hH275tSdGdAycQtSgwLNvv3lDSKShFRowrFSPdeJtZ9iqRnhNKt4iaIxJhM8oj1DBQ6p8tNZ9gwdG2WAhpE0T2g0U39vpDhUahoGZjLPqBa9XPzP6yV6eOmnTMSJpoLMDw0TjnSE8iLQgElKNJ8agolkJisiYywx0aauiinBXfzyMmmf1t3zunt7VmtcFXWU4RCO4ARcuIAG3EATWkDgCZ7hFd6szHqx3q2P+WjJKnYO4A+szx+bepQs</latexit>

u 2 Rm

<latexit sha1_base64="iQBBMKr5A+lp5ldHcTeCo/7MiZw=">AAAB/HicbZDLSgMxFIbP1Futt9Eu3QSLUEHKjIiKIBTduKxgL9AOJZNm2tBMZkgyYhnqq7hxoYhbH8Sdb2PazkJbTwh8/P855OT3Y86UdpxvK7e0vLK6ll8vbGxube/Yu3sNFSWS0DqJeCRbPlaUM0HrmmlOW7GkOPQ5bfrDm4nffKBSsUjc61FMvRD3BQsYwdpIXbv4eJxcoo45QdngEbpCTtcuORVnWmgR3AxKkFWta391ehFJQio04ViptuvE2kux1IxwOi50EkVjTIa4T9sGBQ6p8tLp8mN0aJQeCiJprtBoqv6eSHGo1Cj0TWeI9UDNexPxP6+d6ODCS5mIE00FmT0UJBzpCE2SQD0mKdF8ZAATycyuiAywxESbvAomBHf+y4vQOKm4ZxX37rRUvc7iyMM+HEAZXDiHKtxCDepAYATP8Apv1pP1Yr1bH7PWnJXNFOFPWZ8/5DGSVw==</latexit>

x, u : f(x, u) = 0

<latexit sha1_base64="udbIWCyqgcGdm5N6jTM8ULt+Dmc="></latexit>

ẋ(t) + �̇x(t) = f
�
x
�
+


@f

@x

�

x(t)

�x(t)

<latexit sha1_base64="mQ+b53vqlLJhse5/dN522lqI37U=">AAACD3icbVDLSgMxFM3UV62vUZdugkWpFMqMiLoRirpwWcE+oC0lk2ba0MyD5I60DPMHbvwVNy4UcevWnX9j2o6grQdCTs65N8k9Tii4Asv6MjILi0vLK9nV3Nr6xuaWub1TU0EkKavSQASy4RDFBPdZFTgI1gglI54jWN0ZXI39+j2Tigf+HYxC1vZIz+cupwS01DEPW90A4mFSnOytayaA4GGCL7BbGBZ/zkcdM2+VrAnwPLFTkkcpKh3zU19II4/5QAVRqmlbIbRjIoFTwZJcK1IsJHRAeqypqU88ptrxZJ4EH2ili91A6uUDnqi/O2LiKTXyHF3pEeirWW8s/uc1I3DP2zH3wwiYT6cPuZHAEOBxOLjLJaMgRpoQKrn+K6Z9IgkFHWFOh2DPjjxPascl+7Rk357ky5dpHFm0h/ZRAdnoDJXRDaqgKqLoAT2hF/RqPBrPxpvxPi3NGGnPLvoD4+MbaQybmQ==</latexit>

ẋ+ �̇x = f(x+�x)
<latexit sha1_base64="BIH5FSB6ZxIcDITc9WyNoRUPyhg="></latexit>

ẋ+ �̇x = f(x) +


@f

@x

�
�x

0
<latexit sha1_base64="bw1u7P7Zp7OOD1ais8YxPCkTkGI="></latexit>

�̇x =


@f

@x

�
�x

<latexit sha1_base64="8yaoKCskarkczxuKjVJDmOoaVJQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRiyhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD6DGNAg==</latexit>x

<latexit sha1_base64="8yaoKCskarkczxuKjVJDmOoaVJQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRiyhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD6DGNAg==</latexit>x

0

<latexit sha1_base64="9KnHSHIoOGgp+ngm5C8tPQT5MQY=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEIFaEkIuqxqAePFewHtKFstpt26WYTdifSGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMPD8WXIPjfFu5ldW19Y38ZmFre2e3aO/tN3SUKMrqNBKRavlEM8ElqwMHwVqxYiT0BWv6w5up33xkSvNIPsA4Zl5I+pIHnBIwUtcujvAp7twyAQSPynDStUtOxZkBLxM3IyWUoda1vzq9iCYhk0AF0brtOjF4KVHAqWCTQifRLCZ0SPqsbagkIdNeOjt8go+N0sNBpExJwDP190RKQq3HoW86QwIDvehNxf+8dgLBlZdyGSfAJJ0vChKBIcLTFHCPK0ZBjA0hVHFzK6YDoggFk1XBhOAuvrxMGmcV96Li3p+XqtdZHHl0iI5QGbnoElXRHaqhOqIoQc/oFb1ZT9aL9W59zFtzVjZzgP7A+vwBqciRzQ==</latexit>

x+�x(t)
<latexit sha1_base64="0LnMtUqEaBnk4McI3obTYTPwZiI=">AAAB+XicbVBNSwMxEM36WevXqkcvwSJUhLIroh6LevBYwX5Au5Rsmm1Ds9klmRTK0n/ixYMiXv0n3vw3pu0etPXBwOO9GWbmhangGjzv21lZXVvf2CxsFbd3dvf23YPDhk6MoqxOE5GoVkg0E1yyOnAQrJUqRuJQsGY4vJv6zRFTmifyCcYpC2LSlzzilICVuq5r8Dnu3DMBBBtchrOuW/Iq3gx4mfg5KaEcta771ekl1MRMAhVE67bvpRBkRAGngk2KHaNZSuiQ9FnbUklipoNsdvkEn1qlh6NE2ZKAZ+rviYzEWo/j0HbGBAZ60ZuK/3ltA9FNkHGZGmCSzhdFRmBI8DQG3OOKURBjSwhV3N6K6YAoQsGGVbQh+IsvL5PGRcW/qviPl6XqbR5HAR2jE1RGPrpGVfSAaqiOKBqhZ/SK3pzMeXHenY9564qTzxyhP3A+fwD6N5Hx</latexit>

u+�u(t)

<latexit sha1_base64="17YPVym2JA9ikXVfVG7XzZacEV0=">AAACAXicbZDLSgMxFIbP1Futt1E3gptgESpKmRFRl0VduKxgL9AOJZNmamgmMyQZaSl146u4caGIW9/CnW9j2o6grT8EPv5zDifn92POlHacLyszN7+wuJRdzq2srq1v2JtbVRUlktAKiXgk6z5WlDNBK5ppTuuxpDj0Oa353ctRvXZPpWKRuNX9mHoh7ggWMIK1sVr2TlDoHTavKNcY9Y6SH0wOWnbeKTpjoVlwU8hDqnLL/my2I5KEVGjCsVIN14m1N8BSM8LpMNdMFI0x6eIObRgUOKTKG4wvGKJ947RREEnzhEZj9/fEAIdK9UPfdIZY36np2sj8r9ZIdHDuDZiIE00FmSwKEo50hEZxoDaTlGjeN4CJZOaviNxhiYk2oeVMCO70ybNQPS66p0X35iRfukjjyMIu7EEBXDiDElxDGSpA4AGe4AVerUfr2Xqz3ietGSud2YY/sj6+AUePlYA=</latexit>

f(x+�x, u+�u)
<latexit sha1_base64="orSfGLXTVHERHmYWJCN2WgHOPik=">AAACJHicbZDJSgNBEIZ73I1b1KOXxiAIQpgRUcFLUA8eFcwCmSH0dGqSxp6F7hohDPMwXnwVLx5c8ODFZ7EnGXAtaPj4/yqq6/cTKTTa9rs1NT0zOze/sFhZWl5ZXauub7R0nCoOTR7LWHV8pkGKCJooUEInUcBCX0Lbvzkr/PYtKC3i6BpHCXghG0QiEJyhkXrVkz3qSgiwS13qBorxzE2YQsEkDfIvTvPCV2IwRI+65yCR0bRXrdl1e1z0Lzgl1EhZl73qi9uPeRpChFwyrbuOnaCXFTu4hLziphoSxm/YALoGIxaC9rLxkTndMUqfBrEyL0I6Vr9PZCzUehT6pjNkONS/vUL8z+umGBx7mYiSFCHik0VBKinGtEiM9oUCjnJkgHElzF8pHzITFZpcKyYE5/fJf6G1X3cO687VQa1xWsaxQLbINtklDjkiDXJBLkmTcHJHHsgTebburUfr1XqbtE5Z5cwm+VHWxyfGJqRL</latexit>

+


@f

@u

�
�u

<latexit sha1_base64="k9OxXNv9uJlv+1nWW3d/WChKjbo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB46WM/w==</latexit>u
<latexit sha1_base64="orSfGLXTVHERHmYWJCN2WgHOPik=">AAACJHicbZDJSgNBEIZ73I1b1KOXxiAIQpgRUcFLUA8eFcwCmSH0dGqSxp6F7hohDPMwXnwVLx5c8ODFZ7EnGXAtaPj4/yqq6/cTKTTa9rs1NT0zOze/sFhZWl5ZXauub7R0nCoOTR7LWHV8pkGKCJooUEInUcBCX0Lbvzkr/PYtKC3i6BpHCXghG0QiEJyhkXrVkz3qSgiwS13qBorxzE2YQsEkDfIvTvPCV2IwRI+65yCR0bRXrdl1e1z0Lzgl1EhZl73qi9uPeRpChFwyrbuOnaCXFTu4hLziphoSxm/YALoGIxaC9rLxkTndMUqfBrEyL0I6Vr9PZCzUehT6pjNkONS/vUL8z+umGBx7mYiSFCHik0VBKinGtEiM9oUCjnJkgHElzF8pHzITFZpcKyYE5/fJf6G1X3cO687VQa1xWsaxQLbINtklDjkiDXJBLkmTcHJHHsgTebburUfr1XqbtE5Z5cwm+VHWxyfGJqRL</latexit>

+


@f

@u

�
�u

<latexit sha1_base64="k9OxXNv9uJlv+1nWW3d/WChKjbo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB46WM/w==</latexit>u

<latexit sha1_base64="pqC2ZLX/RtzRDltX8b7rbU+JiGs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuqx6MVjBfsB7VKyabaNzSZLkhXL0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDP1W49UaSbFvRnH1I/wQLCQEWys1AzLT2fJaa9YcivuDGiZeBkpQYZ6r/jV7UuSRFQYwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsFTii2k9n107QiVX6KJTKljBopv6eSHGk9TgKbGeEzVAvelPxP6+TmPDKT5mIE0MFmS8KE46MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQAUbgrf48jJpViveRcW7Oy/VrrM48nAEx1AGDy6hBrdQhwYQeIBneIU3RzovzrvzMW/NOdnMIfyB8/kDrxmOjA==</latexit>

f(x, u)

<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="Q07TjtbmaUB2B1osmd0oDXdmKio=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWMF+wFtKJvtpl262cTdiVhC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e03TJxqxusslrFuBdRwKRSvo0DJW4nmNAokbwbD64nffOTaiFjd4yjhfkT7SoSCUbRSq3PDJVLy1C2V3Yo7BVkkXk7KkKPWLX11ejFLI66QSWpM23MT9DOqUTDJx8VOanhC2ZD2edtSRSNu/Gx675gcW6VHwljbUkim6u+JjEbGjKLAdkYUB2bem4j/ee0Uw0s/EypJkSs2WxSmkmBMJs+TntCcoRxZQpkW9lbCBlRThjaiog3Bm395kTROK955xbs7K1ev8jgKcAhHcAIeXEAVbqEGdWAg4Rle4c15cF6cd+dj1rrk5DMH8AfO5w+XfY+u</latexit>

�x

Free Body Diagrams

<latexit sha1_base64="XKeW0ayLm7LV7UayuyRAufU9g1Y=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUS9CURCPFewHtEvJptk2bJJdk6xYlv4JLx4U8erf8ea/MW33oK0PBh7vzTAzL0g408Z1v53C0vLK6lpxvbSxubW9U97da+o4VYQ2SMxj1Q6wppxJ2jDMcNpOFMUi4LQVRNcTv/VIlWaxvDejhPoCDyQLGcHGSu2bXoQuUfTUK1fcqjsFWiReTiqQo94rf3X7MUkFlYZwrHXHcxPjZ1gZRjgdl7qppgkmER7QjqUSC6r9bHrvGB1ZpY/CWNmSBk3V3xMZFlqPRGA7BTZDPe9NxP+8TmrCCz9jMkkNlWS2KEw5MjGaPI/6TFFi+MgSTBSztyIyxAoTYyMq2RC8+ZcXSfOk6p1VvbvTSu0qj6MIB3AIx+DBOdTgFurQAAIcnuEV3pwH58V5dz5mrQUnn9mHP3A+fwDu0I9A</latexit>

Fk = kx
<latexit sha1_base64="DcSLeTw9fOIqvLC2WWhRcSe8MJA=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9SIEBfEYwTwgWcPs7GwyZPbBTK8alvyHFw+KePVfvPk3TpI9aGLBQFHVRfeUl0ih0ba/rYXFpeWV1cJacX1jc2u7tLPb0HGqGK+zWMaq5VHNpYh4HQVK3koUp6EnedMbXI395gNXWsTRHQ4T7oa0F4lAMIpGur/u+uSC+B0/xuxp1C2V7Yo9AZknTk7KkKPWLX2ZJEtDHiGTVOu2YyfoZlShYJKPip1U84SyAe3xtqERDbl2s8nVI3JoFJ8EsTIvQjJRfycyGmo9DD0zGVLs61lvLP7ntVMMzt1MREmKPGLTRUEqCcZkXAHxheIM5dAQypQwtxLWp4oyNEUVTQnO7JfnSeO44pxWnNuTcvUyr6MA+3AAR+DAGVThBmpQBwYKnuEV3qxH68V6tz6mowtWntmDP7A+fwC+jZIJ</latexit>

Fd = dẋ

<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="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="p0xNW86LSSNl+5eaBt4B1p/el+M=">AAACG3icbVDLSgMxFM34rPVVdekmWARBLDNF1I1QFMRlBfuAzjBkMmkbmskMyR1pGfofbvwVNy4UcSW48G9MHwttPZDL4dxzubknSATXYNvf1sLi0vLKam4tv76xubVd2Nmt6zhVlNVoLGLVDIhmgktWAw6CNRPFSBQI1gh616N+44EpzWN5D4OEeRHpSN7mlICR/EI5wm4YxpD1h/gS3/gOPjY1wa7mErvQZUDwCe71TQndic8vFO2SPQaeJ86UFNEUVb/waSZpGjEJVBCtW46dgJcRBZwKNsy7qWYJoT3SYS1DJYmY9rLxbUN8aJQQt2NlngQ8Vn9PZCTSehAFxhkR6OrZ3kj8r9dKoX3hZVwmKTBJJ4vaqcAQ41FQOOSKURADQwhV3PwV0y5RhIKJM29CcGZPnif1csk5Kzl3p8XK1TSOHNpHB+gIOegcVdAtqqIaougRPaNX9GY9WS/Wu/UxsS5Y05k99AfW1w8nXJ8I</latexit>

mẍ = F1 + Fp sin ✓ � kx� dẋ
<latexit sha1_base64="PP3Z77Z9tarQVDsZvZMLQUU8g1I=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68SJUsB/YhrLZbNulm03YnYgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJ74zUeujYjVPY4S7ke0r0RPMIpWerglnTCMMXsad0tlt+JOQRaJl5My5Kh1S1+dMGZpxBUySY1pe26CfkY1Cib5uNhJDU8oG9I+b1uqaMSNn00vHpNjq4SkF2tbCslU/T2R0ciYURTYzojiwMx7E/E/r51i79LPhEpS5IrNFvVSSTAmk/dJKDRnKEeWUKaFvZWwAdWUoQ2paEPw5l9eJI3Tinde8e7OytWrPI4CHMIRnIAHF1CFG6hBHRgoeIZXeHOM8+K8Ox+z1iUnnzmAP3A+fwBzoZDI</latexit>

Mẍ

<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="Jsi4dzOG2Sm55XN49S06et1hp+E=">AAACOnicbVDLSgMxFM34rPVVdekmWARBLDNF1GXRjcsWbCt0asmktzaYyQzJHbEM/S43foU7F25cKOLWDzBtR3weCJyce+5N7gliKQy67oMzNT0zOzefW8gvLi2vrBbW1hsmSjSHOo9kpM8DZkAKBXUUKOE81sDCQEIzuDoZ1ZvXoI2I1BkOYmiH7FKJnuAMrdQp1ELqd7sRpjdDuks/Lz72AdmQ+iAl9Xlk6EShe2PLl+OinHmMUJmnUyi6JXcM+pd4GSmSDNVO4d5O5EkICrlkxrQ8N8Z2yjQKLmGY9xMDMeNX7BJalioWgmmn49WHdNsqXdqLtD0K6Vj93pGy0JhBGFhnyLBvftdG4n+1VoK9o3YqVJwgKD55qJdIihEd5Ui7QgNHObCEcS3sXynvM8042rTzNgTv98p/SaNc8g5KXm2/WDnO4siRTbJFdohHDkmFnJIqqRNObskjeSYvzp3z5Lw6bxPrlJP1bJAfcN4/AASBrPw=</latexit>

mẍ+m✓̈` cos ✓ �m✓̇2` sin ✓
<latexit sha1_base64="7a3YZKTVQ2JLE2MiTaS0Ry4KtXw=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCG0siom6EoiAuK9gHNCFMptN26GQSZm6EGoq/4saFIm79D3f+jdM2C209cOFwzr3ce0+YCK7Bcb6twsLi0vJKcbW0tr6xuWVv7zR0nCrK6jQWsWqFRDPBJasDB8FaiWIkCgVrhoPrsd98YErzWN7DMGF+RHqSdzklYKTA3jvGN0GCPc0l9qDPgOBLHNhlp+JMgOeJm5MyylEL7C+vE9M0YhKoIFq3XScBPyMKOBVsVPJSzRJCB6TH2oZKEjHtZ5PrR/jQKB3cjZUpCXii/p7ISKT1MApNZ0Sgr2e9sfif106he+FnXCYpMEmni7qpwBDjcRS4wxWjIIaGEKq4uRXTPlGEggmsZEJwZ1+eJ42TintWce9Oy9WrPI4i2kcH6Ai56BxV0S2qoTqi6BE9o1f0Zj1ZL9a79TFtLVj5zC76A+vzBw9jk7A=</latexit>

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

<latexit sha1_base64="QtP787QrrEy8GB7uCRdbP2CDrmk=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ3lhkRdSMUBXFZwT6gM5RMJm1Dk8mQ3BHK0A9w46+4caGIWz/AnX9j2s5CWw8kHM45l+SeMBHcgOt+OwuLS8srq4W14vrG5tZ2aWe3YVSqKatTJZRuhcQwwWNWBw6CtRLNiAwFa4aD67HffGDacBXfwzBhgSS9mHc5JWClTqks/ShSkA1HnQRf4ht7+1QZ7EOfAcHHWPawTbkVdwI8T7yclFGOWqf05UeKppLFQAUxpu25CQQZ0cCpYKOinxqWEDogPda2NCaSmSCbLDPCh1aJcFdpe2LAE/X3REakMUMZ2qQk0Dez3lj8z2un0L0IMh4nKbCYTh/qpgKDwuNmcMQ1oyCGlhCquf0rpn2iCQXbX9GW4M2uPE8aJxXvrOLdnZarV3kdBbSPDtAR8tA5qqJbVEN1RNEjekav6M15cl6cd+djGl1w8pk99AfO5w+ZIJoJ</latexit>

mÿp = Fp cos ✓ �mg
<latexit sha1_base64="xySbTQ2jy2JRwz8E04CIg2MGA90=">AAACMHicbVBNSwMxFMz6WevXqkcvwSIIQtkVUS9C0YMeFawK3bVk01cbzGaX5K1Qlv4kL/4UvSgo4tVfYdouqK0DgWFmXpI3USqFQc97dSYmp6ZnZktz5fmFxaVld2X10iSZ5lDniUz0dcQMSKGgjgIlXKcaWBxJuIrujvv+1T1oIxJ1gd0UwpjdKtEWnKGVmu7JIY1p0GolmAfYAWQ9GoCUNDBC0aFC6fYg8xO52SlCPDFFqOlWvKo3AB0nfkEqpMBZ032yN/IsBoVcMmMavpdimDONgkvolYPMQMr4HbuFhqWKxWDCfLBwj25apUXbibZHIR2ovydyFhvTjSObjBl2zKjXF//zGhm2D8JcqDRDUHz4UDuTFBPab4+2hAaOsmsJ41rYv1LeYZpxtB2XbQn+6Mrj5HKn6u9V/fPdSu2oqKNE1skG2SI+2Sc1ckrOSJ1w8kCeyRt5dx6dF+fD+RxGJ5xiZo38gfP1DW5pqKQ=</latexit>

= m✓̈` sin ✓ +m✓̇2` cos ✓ <latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

Pendulum kinematics:
<latexit sha1_base64="B65hDJzIjd9jdmIEBDa7k9iPGnw=">AAACA3icbVDLSgNBEJz1GeMr6k0vg0EQhLArol6EoBePEcwDsiHMTjrJkNnZZaZXEkLAi7/ixYMiXv0Jb/6Nk2QPmljQUFR1090VxFIYdN1vZ2FxaXllNbOWXd/Y3NrO7exWTJRoDmUeyUjXAmZACgVlFCihFmtgYSChGvRuxn71AbQRkbrHQQyNkHWUaAvO0ErN3H6/GdMr2qcn1AcpqW+Eoj52AVkzl3cL7gR0nngpyZMUpWbuy29FPAlBIZfMmLrnxtgYMo2CSxhl/cRAzHiPdaBuqWIhmMZw8sOIHlmlRduRtqWQTtTfE0MWGjMIA9sZMuyaWW8s/ufVE2xfNoZCxQmC4tNF7URSjOg4ENoSGjjKgSWMa2FvpbzLNONoY8vaELzZl+dJ5bTgnRe8u7N88TqNI0MOyCE5Jh65IEVyS0qkTDh5JM/klbw5T86L8+58TFsXnHRmj/yB8/kDs9+WTQ==</latexit>

xp = x+ ` sin ✓
<latexit sha1_base64="EsqTsYIbKO6gGsQ9eDr5FLkFiOI=">AAACHHicbZDLSgMxFIYz9VbrbdSlm2ARBKHMqKgboejGZQV7gU4pmfS0Dc1cSM6IZeiDuPFV3LhQxI0LwbcxbWehrT8EPv5zTpLz+7EUGh3n28otLC4tr+RXC2vrG5tb9vZOTUeJ4lDlkYxUw2capAihigIlNGIFLPAl1P3B9bhevwelRRTe4TCGVsB6oegKztBYbfvE60SYPozaMb2kGdOjKXnYB2Qj6oGU1OORplOnbRedkjMRnQc3gyLJVGnbn+Y+ngQQIpdM66brxNhKmULBJYwKXqIhZnzAetA0GLIAdCudLDeiB8bp0G6kzAmRTtzfEykLtB4GvukMGPb1bG1s/ldrJti9aKUijBOEkE8f6iaSYkTHSdGOUMBRDg0wroT5K+V9phhHk2fBhODOrjwPteOSe1Zyb0+L5assjjzZI/vkkLjknJTJDamQKuHkkTyTV/JmPVkv1rv1MW3NWdnMLvkj6+sHh1ahpQ==</latexit>

ẋp = ẋ+ ✓̇` cos ✓
<latexit sha1_base64="hg/Fzt04NZ/kubNG6BBmTEqyAng="></latexit>

ẍp = ẍ+ ✓̈` cos ✓ � ✓̇2` sin ✓

<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 ✓

Full State Space Model  - 2nd Order

<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

Block dynamics

Pendulum dynamics

<latexit sha1_base64="M3MSJND+/IddiCQHQOGFtZjRFps="></latexit>
m`2 �m` cos ✓

�m` cos ✓ M +m

�
<latexit sha1_base64="O8Z07L2OFQhSqcoZT1L1skjMfBw="></latexit>
m✓̇2` sin ✓ + F1 � kx� dẋ

�mg sin ✓

�<latexit sha1_base64="UZ5sRyjggF3ZN0QvfjJN+PccPKU=">AAACFHicbZBNSwMxEIazflu/Vj16CRZBEcpuEfVY9OJFULAqdNuSTWdtMMkuyaxQlv4IL/4VLx4U8erBm//GtPag1RcCD+/MMJk3zqSwGASf3sTk1PTM7Nx8aWFxaXnFX127tGluONR5KlNzHTMLUmioo0AJ15kBpmIJV/Ht8aB+dQfGilRfYC+DpmI3WiSCM3RW29+NEsN4EfaLUxWBlK0q3aXbig6YRlZoGmEXkO20qv22Xw4qwVD0L4QjKJORztr+R9RJea5AI5fM2kYYZNgsmEHBJfRLUW4hY/yW3UDDoWYKbLMYHtWnW87p0CQ17mmkQ/fnRMGUtT0Vu07FsGvHawPzv1ojx+SwWQid5Qiafy9KckkxpYOEaEcY4Ch7Dhg3wv2V8i5zKaHLseRCCMdP/guX1Uq4XwnP98q1o1Ecc2SDbJJtEpIDUiMn5IzUCSf35JE8kxfvwXvyXr2379YJbzSzTn7Je/8CY3GdJQ==</latexit>

1

Mm`2 + (m` sin ✓)2

<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="Js4VCSHcWG628qL/5VRGPKidJso=">AAACO3icbVA9T8MwEHX4LOWrwMhiUSExVQlCwFjBwlgQbZGaqHKca2vhOJF9QVRR/xcLf4KNhYUBhFjZcdsI8XWS5ef37nx3L0ylMOi6j87M7Nz8wmJpqby8srq2XtnYbJkk0xyaPJGJvgqZASkUNFGghKtUA4tDCe3w+nSst29AG5GoSxymEMSsr0RPcIaW6lYu/BD6QuVhzFCL2xH1owTz8e1PoY8DQFa8v2s/RFDR1xfdStWtuZOgf4FXgCopotGtPNhOPItBIZfMmI7nphjkTKPgEkZlPzOQMn7N+tCxULEYTJBPdh/RXctEtJdoexTSCfu9ImexMcM4tJl2voH5rY3J/7ROhr3jIBcqzRAUnzbqZZJiQsdG0kho4CiHFjCuhZ2V8gHTjKO1u2xN8H6v/Be09mveYc07P6jWTwo7SmSb7JA94pEjUidnpEGahJM78kReyKtz7zw7b877NHXGKWq2yI9wPj4BCJyv5w==</latexit>2

664

ẋ
✓̇
ẍ
✓̈

3

775
<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

✓̇

�

Linearization
Option 1: from explicit formula…(expand out, take partial derivatives)

Option 2: using matrix forms…(more general)

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

ż =

<latexit sha1_base64="mHDFkds760jfd7pGEB57BX8pu/M=">AAAB+XicbVDJSgNBEK1xjXEb9eilMQgRJMyIqBch6MVjBLNAMoSeTk/SpGehuyaQDPkTLx4U8eqfePNv7CwHTXxQ8Hivqrvq+YkUGh3n21pZXVvf2Mxt5bd3dvf27YPDmo5TxXiVxTJWDZ9qLkXEqyhQ8kaiOA19yet+/37i1wdcaRFHTzhMuBfSbiQCwSgaqW3brU6M2WhMbklQHJ2nZ2274JScKcgyceekAHNU2vaXeYKlIY+QSap103US9DKqUDDJx/lWqnlCWZ92edPQiIZce9l08zE5NUqHBLEyFSGZqr8nMhpqPQx90xlS7OlFbyL+5zVTDG68TERJijxis4+CVBKMySQG0hGKM5RDQyhTwuxKWI8qytCElTchuIsnL5PaRcm9KrmPl4Xy3TyOHBzDCRTBhWsowwNUoAoMBvAMr/BmZdaL9W59zFpXrPnMEfyB9fkDLS2StQ==</latexit>

ż = f(z, u)

<latexit sha1_base64="qZlt3bVD6fA8khY0VoNrtSwhSKo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cq9gOaUDbbbbt0kw27E6WE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo14w2mpNLtkBouRcwbKFDydqI5jULJW+HoZuq3Hrk2QsUPOE54ENFBLPqCUbSS79+LwRCp1uqJdMsVt+rOQJaJl5MK5Kh3y19+T7E04jEySY3peG6CQUY1Cib5pOSnhieUjeiAdyyNacRNkM1unpATq/RIX2lbMZKZ+nsio5Ex4yi0nRHFoVn0puJ/XifF/lWQiThJkcdsvqifSoKKTAMgPaE5Qzm2hDIt7K2EDammDG1MJRuCt/jyMmmeVb2Lqnd3Xqld53EU4QiO4RQ8uIQa3EIdGsAggWd4hTcndV6cd+dj3lpw8plD+APn8wftEJGd</latexit>)

<latexit sha1_base64="SFgrURkYWPYU6Z0P3JdWvrtmS/Y=">AAACEnicbVDLSsNAFL2pr1pfUZduBougm5KIqBuh6MZlBfuAJpTJdNIOnTyYmQg15Bvc+CtuXCji1pU7/8ZJG1BbDwwczrn3zr3HizmTyrK+jNLC4tLySnm1sra+sbllbu+0ZJQIQpsk4pHoeFhSzkLaVExx2okFxYHHadsbXeV++44KyaLwVo1j6gZ4EDKfEay01DOPHF9gkjoxFophjpwAq6HnpzjLfsT7DF2gnlm1atYEaJ7YBalCgUbP/HT6EUkCGirCsZRd24qVm+YzCadZxUkkjTEZ4QHtahrigEo3nZyUoQOt9JEfCf1ChSbq744UB1KOA09X5hvLWS8X//O6ifLP3ZSFcaJoSKYf+QlHKkJ5PqjPBCWKjzXBRDC9KyJDrDNSOsWKDsGePXmetI5r9mnNvjmp1i+LOMqwB/twCDacQR2uoQFNIPAAT/ACr8aj8Wy8Ge/T0pJR9OzCHxgf38UrniM=</latexit>

@a

@z
=

<latexit sha1_base64="svz8FJS294fDcU+MIroBbS5gEGw=">AAACBnicbZDLSsNAFIZPvNZ6i7oUYbAIbiyJiLoRim50IVSwF2hjmUwn7dDJhZmJUEJWbnwVNy4UceszuPNtnLQBtfWHgY//nMOc87sRZ1JZ1pcxMzs3v7BYWCour6yurZsbm3UZxoLQGgl5KJoulpSzgNYUU5w2I0Gx73LacAcXWb1xT4VkYXCrhhF1fNwLmMcIVtrqmDttH6u+6yXX6Q/dJQd2is7QVccsWWVrJDQNdg4lyFXtmJ/tbkhinwaKcCxly7Yi5SRYKEY4TYvtWNIIkwHu0ZbGAPtUOsnojBTtaaeLvFDoFyg0cn9PJNiXcui7ujNbVU7WMvO/WitW3qmTsCCKFQ3I+CMv5kiFKMsEdZmgRPGhBkwE07si0scCE6WTK+oQ7MmTp6F+WLaPy/bNUalynsdRgG3YhX2w4QQqcAlVqAGBB3iCF3g1Ho1n4814H7fOGPnMFvyR8fENdLmYcw==</latexit>

MM�1 = INote:
<latexit sha1_base64="qZlt3bVD6fA8khY0VoNrtSwhSKo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cq9gOaUDbbbbt0kw27E6WE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo14w2mpNLtkBouRcwbKFDydqI5jULJW+HoZuq3Hrk2QsUPOE54ENFBLPqCUbSS79+LwRCp1uqJdMsVt+rOQJaJl5MK5Kh3y19+T7E04jEySY3peG6CQUY1Cib5pOSnhieUjeiAdyyNacRNkM1unpATq/RIX2lbMZKZ+nsio5Ex4yi0nRHFoVn0puJ/XifF/lWQiThJkcdsvqifSoKKTAMgPaE5Qzm2hDIt7K2EDammDG1MJRuCt/jyMmmeVb2Lqnd3Xqld53EU4QiO4RQ8uIQa3EIdGsAggWd4hTcndV6cd+dj3lpw8plD+APn8wftEJGd</latexit>)

<latexit sha1_base64="QkSoWMuZrR9UuLdAT4gAVlaR/7w=">AAACGHicbVDLSgMxFM3UV62vUZdugkVoQeuMiLoRioK4ESrYB7S1ZNJMG5rJDElGqMN8hht/xY0LRdx259+Yaaeg1gOBk3Pu5d57nIBRqSzry8jMzS8sLmWXcyura+sb5uZWTfqhwKSKfeaLhoMkYZSTqqKKkUYgCPIcRurO4DLx6w9ESOrzOzUMSNtDPU5dipHSUsc8bHlI9R03QjE8h3D6u4kLj8X76MCOp8qVVvbDYsfMWyVrDDhL7JTkQYpKxxy1uj4OPcIVZkjKpm0Fqh0hoShmJM61QkkChAeoR5qacuQR2Y7Gh8VwTytd6PpCP67gWP3ZESFPyqHn6MpkTfnXS8T/vGao3LN2RHkQKsLxZJAbMqh8mKQEu1QQrNhQE4QF1btC3EcCYaWzzOkQ7L8nz5LaUck+Kdm3x/nyRRpHFuyAXVAANjgFZXANKqAKMHgCL+ANvBvPxqvxYXxOSjNG2rMNfsEYfQNYm59V</latexit>

a = M(z)�1F(z, u)

<latexit sha1_base64="VoTT1e3lyiZORdOgImx1WN7/xms="></latexit>2

4
| |

M(z)�1 @M
@z1

M(z)�1F · · · M(z)�1 @M
@zn

M(z)�1F
| |

3

5

<latexit sha1_base64="zME07SMlgVXA1ulf7zQOM12cPFc=">AAACXnicdVFdS8MwFE2rzrk5V/VF8CU4BEEcrYj6Igx98UWY4NxgrSXN0i0s/SBJhVn6J30TX/wppl1huumFwOGce09uTryYUSFN80PT19Y3KpvVrVp9u7HTNHb3nkWUcEx6OGIRH3hIEEZD0pNUMjKIOUGBx0jfm97lev+VcEGj8EnOYuIEaBxSn2IkFeUaie1zhFM7RlxSxKAdIDnx/PQhyxbkmzvNFsJLemZl8HRBwH89itYlI3gDTddomW2zKLgKrBK0QFld13i3RxFOAhJKzJAQQ8uMpZPmtpiRrGYngsQIT9GYDBUMUUCEkxbxZPBYMSPoR1ydUMKC/TmRokCIWeCpznxzsazl5F/aMJH+tZPSME4kCfH8Ij9hUEYwzxqOKCdYspkCCHOqdoV4glRWUv1ITYVgLT95FTyft63LtvV40erclnFUwSE4AifAAlegA+5BF/QABp+aptW0uvalV/SG3py36lo5sw9+lX7wDf4vtxI=</latexit>

@M

@zk
M�1 +M

@M�1

@zk
= 0

<latexit sha1_base64="68qGgmiSIsFbh6XgbsQdjOhg8ys=">AAACY3icdVFdS8MwFE2rzrmpq9M3EYJD8GWjFVFfhKEvvggT3AesdaRZuoWlHySpsJX+Sd9888X/YboV1E4vBA7n3JN7c+JGjAppmu+avrG5Vdou71Squ3v7NeOg3hNhzDHp4pCFfOAiQRgNSFdSycgg4gT5LiN9d3af6f1XwgUNg2c5j4jjo0lAPYqRVNTIWEDb4wgndoS4pIhB20dy6nrJY/qSNK00/VYWo1kKb2Gz2PLvBQVvwQZHRsNsmcuC68DKQQPk1RkZb/Y4xLFPAokZEmJomZF0kmwEZiSt2LEgEcIzNCFDBQPkE+Eky4xSeKaYMfRCrk4g4ZL96UiQL8Tcd1Vntqcoahn5lzaMpXfjJDSIYkkCvBrkxQzKEGaBwzHlBEs2VwBhTtWuEE+Rikyqb6moEKzik9dB76JlXbWsp8tG+y6PowyOwSk4Bxa4Bm3wADqgCzD40EpaTTO0T72q1/WjVauu5Z5D8Kv0ky/GP7jq</latexit>

@M�1

@zk
= �M�1 @M

@zk
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



Linearization - Example

…around Equilibrium: 

Dynamics <latexit sha1_base64="v8dC06wjwKjPioExaKBN1kFzl04=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KomIuiy6cVnFPqCJZTKdtEMnkzAzkZaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY86Utu1va2V1bX1js7RV3t7Z3duvHFTbKkokoS0S8Uh2fawoZ4K2NNOcdmNJcehz2vHHN7nfeaJSsUg86GlMvRAPBQsYwdpI/Up1glwmkBtiPfL99D57NGLNrtszoGXiFKQGBZr9ypc7iEgSUqEJx0r1HDvWXoqlZoTTrOwmisaYjPGQ9gwVOKTKS2fZM3RilAEKImme0Gim/t5IcajUNPTNZJ5RLXq5+J/XS3Rw5aVMxImmgswPBQlHOkJ5EWjAJCWaTw3BRDKTFZERlphoU1fZlOAsfnmZtM/qzkXduTuvNa6LOkpwBMdwCg5cQgNuoQktIDCBZ3iFNyuzXqx362M+umIVO4fwB9bnD6G9lDA=</latexit>

x 2 Rn

Perturbed state & control

Equilibrium:

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

ẋ = f(x, u)
<latexit sha1_base64="MsOLpYsYp77Y6La+6O3WHmEkkUo=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlE1GXRjcsq9gFNLJPptB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DMniDlT2nG+rdLK6tr6RnmzsrW9s7tn71fbKkokoS0S8Uh2A6woZ4K2NNOcdmNJcRhw2gkm17nfeaRSsUjc62lM/RCPBBsygrWR+nY1QR4TyAuxHgdBepc9hH275tSdGdAycQtSgwLNvv3lDSKShFRowrFSPdeJtZ9iqRnhNKt4iaIxJhM8oj1DBQ6p8tNZ9gwdG2WAhpE0T2g0U39vpDhUahoGZjLPqBa9XPzP6yV6eOmnTMSJpoLMDw0TjnSE8iLQgElKNJ8agolkJisiYywx0aauiinBXfzyMmmf1t3zunt7VmtcFXWU4RCO4ARcuIAG3EATWkDgCZ7hFd6szHqx3q2P+WjJKnYO4A+szx+bepQs</latexit>

u 2 Rm

<latexit sha1_base64="iQBBMKr5A+lp5ldHcTeCo/7MiZw=">AAAB/HicbZDLSgMxFIbP1Futt9Eu3QSLUEHKjIiKIBTduKxgL9AOJZNm2tBMZkgyYhnqq7hxoYhbH8Sdb2PazkJbTwh8/P855OT3Y86UdpxvK7e0vLK6ll8vbGxube/Yu3sNFSWS0DqJeCRbPlaUM0HrmmlOW7GkOPQ5bfrDm4nffKBSsUjc61FMvRD3BQsYwdpIXbv4eJxcoo45QdngEbpCTtcuORVnWmgR3AxKkFWta391ehFJQio04ViptuvE2kux1IxwOi50EkVjTIa4T9sGBQ6p8tLp8mN0aJQeCiJprtBoqv6eSHGo1Cj0TWeI9UDNexPxP6+d6ODCS5mIE00FmT0UJBzpCE2SQD0mKdF8ZAATycyuiAywxESbvAomBHf+y4vQOKm4ZxX37rRUvc7iyMM+HEAZXDiHKtxCDepAYATP8Apv1pP1Yr1bH7PWnJXNFOFPWZ8/5DGSVw==</latexit>

x, u : f(x, u) = 0

<latexit sha1_base64="udbIWCyqgcGdm5N6jTM8ULt+Dmc="></latexit>

ẋ(t) + �̇x(t) = f
�
x
�
+


@f

@x

�

x(t)

�x(t)

<latexit sha1_base64="mQ+b53vqlLJhse5/dN522lqI37U=">AAACD3icbVDLSgMxFM3UV62vUZdugkWpFMqMiLoRirpwWcE+oC0lk2ba0MyD5I60DPMHbvwVNy4UcevWnX9j2o6grQdCTs65N8k9Tii4Asv6MjILi0vLK9nV3Nr6xuaWub1TU0EkKavSQASy4RDFBPdZFTgI1gglI54jWN0ZXI39+j2Tigf+HYxC1vZIz+cupwS01DEPW90A4mFSnOytayaA4GGCL7BbGBZ/zkcdM2+VrAnwPLFTkkcpKh3zU19II4/5QAVRqmlbIbRjIoFTwZJcK1IsJHRAeqypqU88ptrxZJ4EH2ili91A6uUDnqi/O2LiKTXyHF3pEeirWW8s/uc1I3DP2zH3wwiYT6cPuZHAEOBxOLjLJaMgRpoQKrn+K6Z9IgkFHWFOh2DPjjxPascl+7Rk357ky5dpHFm0h/ZRAdnoDJXRDaqgKqLoAT2hF/RqPBrPxpvxPi3NGGnPLvoD4+MbaQybmQ==</latexit>

ẋ+ �̇x = f(x+�x)
<latexit sha1_base64="BIH5FSB6ZxIcDITc9WyNoRUPyhg="></latexit>

ẋ+ �̇x = f(x) +


@f

@x

�
�x

0
<latexit sha1_base64="bw1u7P7Zp7OOD1ais8YxPCkTkGI="></latexit>

�̇x =


@f

@x

�
�x

<latexit sha1_base64="8yaoKCskarkczxuKjVJDmOoaVJQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRiyhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD6DGNAg==</latexit>x

<latexit sha1_base64="8yaoKCskarkczxuKjVJDmOoaVJQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRiyhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD6DGNAg==</latexit>x

0

<latexit sha1_base64="9KnHSHIoOGgp+ngm5C8tPQT5MQY=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEIFaEkIuqxqAePFewHtKFstpt26WYTdifSGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMPD8WXIPjfFu5ldW19Y38ZmFre2e3aO/tN3SUKMrqNBKRavlEM8ElqwMHwVqxYiT0BWv6w5up33xkSvNIPsA4Zl5I+pIHnBIwUtcujvAp7twyAQSPynDStUtOxZkBLxM3IyWUoda1vzq9iCYhk0AF0brtOjF4KVHAqWCTQifRLCZ0SPqsbagkIdNeOjt8go+N0sNBpExJwDP190RKQq3HoW86QwIDvehNxf+8dgLBlZdyGSfAJJ0vChKBIcLTFHCPK0ZBjA0hVHFzK6YDoggFk1XBhOAuvrxMGmcV96Li3p+XqtdZHHl0iI5QGbnoElXRHaqhOqIoQc/oFb1ZT9aL9W59zFtzVjZzgP7A+vwBqciRzQ==</latexit>

x+�x(t)
<latexit sha1_base64="0LnMtUqEaBnk4McI3obTYTPwZiI=">AAAB+XicbVBNSwMxEM36WevXqkcvwSJUhLIroh6LevBYwX5Au5Rsmm1Ds9klmRTK0n/ixYMiXv0n3vw3pu0etPXBwOO9GWbmhangGjzv21lZXVvf2CxsFbd3dvf23YPDhk6MoqxOE5GoVkg0E1yyOnAQrJUqRuJQsGY4vJv6zRFTmifyCcYpC2LSlzzilICVuq5r8Dnu3DMBBBtchrOuW/Iq3gx4mfg5KaEcta771ekl1MRMAhVE67bvpRBkRAGngk2KHaNZSuiQ9FnbUklipoNsdvkEn1qlh6NE2ZKAZ+rviYzEWo/j0HbGBAZ60ZuK/3ltA9FNkHGZGmCSzhdFRmBI8DQG3OOKURBjSwhV3N6K6YAoQsGGVbQh+IsvL5PGRcW/qviPl6XqbR5HAR2jE1RGPrpGVfSAaqiOKBqhZ/SK3pzMeXHenY9564qTzxyhP3A+fwD6N5Hx</latexit>

u+�u(t)

<latexit sha1_base64="17YPVym2JA9ikXVfVG7XzZacEV0=">AAACAXicbZDLSgMxFIbP1Futt1E3gptgESpKmRFRl0VduKxgL9AOJZNmamgmMyQZaSl146u4caGIW9/CnW9j2o6grT8EPv5zDifn92POlHacLyszN7+wuJRdzq2srq1v2JtbVRUlktAKiXgk6z5WlDNBK5ppTuuxpDj0Oa353ctRvXZPpWKRuNX9mHoh7ggWMIK1sVr2TlDoHTavKNcY9Y6SH0wOWnbeKTpjoVlwU8hDqnLL/my2I5KEVGjCsVIN14m1N8BSM8LpMNdMFI0x6eIObRgUOKTKG4wvGKJ947RREEnzhEZj9/fEAIdK9UPfdIZY36np2sj8r9ZIdHDuDZiIE00FmSwKEo50hEZxoDaTlGjeN4CJZOaviNxhiYk2oeVMCO70ybNQPS66p0X35iRfukjjyMIu7EEBXDiDElxDGSpA4AGe4AVerUfr2Xqz3ietGSud2YY/sj6+AUePlYA=</latexit>

f(x+�x, u+�u)
<latexit sha1_base64="orSfGLXTVHERHmYWJCN2WgHOPik=">AAACJHicbZDJSgNBEIZ73I1b1KOXxiAIQpgRUcFLUA8eFcwCmSH0dGqSxp6F7hohDPMwXnwVLx5c8ODFZ7EnGXAtaPj4/yqq6/cTKTTa9rs1NT0zOze/sFhZWl5ZXauub7R0nCoOTR7LWHV8pkGKCJooUEInUcBCX0Lbvzkr/PYtKC3i6BpHCXghG0QiEJyhkXrVkz3qSgiwS13qBorxzE2YQsEkDfIvTvPCV2IwRI+65yCR0bRXrdl1e1z0Lzgl1EhZl73qi9uPeRpChFwyrbuOnaCXFTu4hLziphoSxm/YALoGIxaC9rLxkTndMUqfBrEyL0I6Vr9PZCzUehT6pjNkONS/vUL8z+umGBx7mYiSFCHik0VBKinGtEiM9oUCjnJkgHElzF8pHzITFZpcKyYE5/fJf6G1X3cO687VQa1xWsaxQLbINtklDjkiDXJBLkmTcHJHHsgTebburUfr1XqbtE5Z5cwm+VHWxyfGJqRL</latexit>

+


@f

@u

�
�u

<latexit sha1_base64="k9OxXNv9uJlv+1nWW3d/WChKjbo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB46WM/w==</latexit>u
<latexit sha1_base64="orSfGLXTVHERHmYWJCN2WgHOPik=">AAACJHicbZDJSgNBEIZ73I1b1KOXxiAIQpgRUcFLUA8eFcwCmSH0dGqSxp6F7hohDPMwXnwVLx5c8ODFZ7EnGXAtaPj4/yqq6/cTKTTa9rs1NT0zOze/sFhZWl5ZXauub7R0nCoOTR7LWHV8pkGKCJooUEInUcBCX0Lbvzkr/PYtKC3i6BpHCXghG0QiEJyhkXrVkz3qSgiwS13qBorxzE2YQsEkDfIvTvPCV2IwRI+65yCR0bRXrdl1e1z0Lzgl1EhZl73qi9uPeRpChFwyrbuOnaCXFTu4hLziphoSxm/YALoGIxaC9rLxkTndMUqfBrEyL0I6Vr9PZCzUehT6pjNkONS/vUL8z+umGBx7mYiSFCHik0VBKinGtEiM9oUCjnJkgHElzF8pHzITFZpcKyYE5/fJf6G1X3cO687VQa1xWsaxQLbINtklDjkiDXJBLkmTcHJHHsgTebburUfr1XqbtE5Z5cwm+VHWxyfGJqRL</latexit>

+


@f

@u

�
�u

<latexit sha1_base64="k9OxXNv9uJlv+1nWW3d/WChKjbo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB46WM/w==</latexit>u

<latexit sha1_base64="pqC2ZLX/RtzRDltX8b7rbU+JiGs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuqx6MVjBfsB7VKyabaNzSZLkhXL0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDP1W49UaSbFvRnH1I/wQLCQEWys1AzLT2fJaa9YcivuDGiZeBkpQYZ6r/jV7UuSRFQYwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsFTii2k9n107QiVX6KJTKljBopv6eSHGk9TgKbGeEzVAvelPxP6+TmPDKT5mIE0MFmS8KE46MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQAUbgrf48jJpViveRcW7Oy/VrrM48nAEx1AGDy6hBrdQhwYQeIBneIU3RzovzrvzMW/NOdnMIfyB8/kDrxmOjA==</latexit>

f(x, u)

<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="Q07TjtbmaUB2B1osmd0oDXdmKio=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWMF+wFtKJvtpl262cTdiVhC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e03TJxqxusslrFuBdRwKRSvo0DJW4nmNAokbwbD64nffOTaiFjd4yjhfkT7SoSCUbRSq3PDJVLy1C2V3Yo7BVkkXk7KkKPWLX11ejFLI66QSWpM23MT9DOqUTDJx8VOanhC2ZD2edtSRSNu/Gx675gcW6VHwljbUkim6u+JjEbGjKLAdkYUB2bem4j/ee0Uw0s/EypJkSs2WxSmkmBMJs+TntCcoRxZQpkW9lbCBlRThjaiog3Bm395kTROK955xbs7K1ev8jgKcAhHcAIeXEAVbqEGdWAg4Rle4c15cF6cd+dj1rrk5DMH8AfO5w+XfY+u</latexit>

�x

Free Body Diagrams

<latexit sha1_base64="XKeW0ayLm7LV7UayuyRAufU9g1Y=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUS9CURCPFewHtEvJptk2bJJdk6xYlv4JLx4U8erf8ea/MW33oK0PBh7vzTAzL0g408Z1v53C0vLK6lpxvbSxubW9U97da+o4VYQ2SMxj1Q6wppxJ2jDMcNpOFMUi4LQVRNcTv/VIlWaxvDejhPoCDyQLGcHGSu2bXoQuUfTUK1fcqjsFWiReTiqQo94rf3X7MUkFlYZwrHXHcxPjZ1gZRjgdl7qppgkmER7QjqUSC6r9bHrvGB1ZpY/CWNmSBk3V3xMZFlqPRGA7BTZDPe9NxP+8TmrCCz9jMkkNlWS2KEw5MjGaPI/6TFFi+MgSTBSztyIyxAoTYyMq2RC8+ZcXSfOk6p1VvbvTSu0qj6MIB3AIx+DBOdTgFurQAAIcnuEV3pwH58V5dz5mrQUnn9mHP3A+fwDu0I9A</latexit>

Fk = kx
<latexit sha1_base64="DcSLeTw9fOIqvLC2WWhRcSe8MJA=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9SIEBfEYwTwgWcPs7GwyZPbBTK8alvyHFw+KePVfvPk3TpI9aGLBQFHVRfeUl0ih0ba/rYXFpeWV1cJacX1jc2u7tLPb0HGqGK+zWMaq5VHNpYh4HQVK3koUp6EnedMbXI395gNXWsTRHQ4T7oa0F4lAMIpGur/u+uSC+B0/xuxp1C2V7Yo9AZknTk7KkKPWLX2ZJEtDHiGTVOu2YyfoZlShYJKPip1U84SyAe3xtqERDbl2s8nVI3JoFJ8EsTIvQjJRfycyGmo9DD0zGVLs61lvLP7ntVMMzt1MREmKPGLTRUEqCcZkXAHxheIM5dAQypQwtxLWp4oyNEUVTQnO7JfnSeO44pxWnNuTcvUyr6MA+3AAR+DAGVThBmpQBwYKnuEV3qxH68V6tz6mowtWntmDP7A+fwC+jZIJ</latexit>

Fd = dẋ

<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="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="p0xNW86LSSNl+5eaBt4B1p/el+M=">AAACG3icbVDLSgMxFM34rPVVdekmWARBLDNF1I1QFMRlBfuAzjBkMmkbmskMyR1pGfofbvwVNy4UcSW48G9MHwttPZDL4dxzubknSATXYNvf1sLi0vLKam4tv76xubVd2Nmt6zhVlNVoLGLVDIhmgktWAw6CNRPFSBQI1gh616N+44EpzWN5D4OEeRHpSN7mlICR/EI5wm4YxpD1h/gS3/gOPjY1wa7mErvQZUDwCe71TQndic8vFO2SPQaeJ86UFNEUVb/waSZpGjEJVBCtW46dgJcRBZwKNsy7qWYJoT3SYS1DJYmY9rLxbUN8aJQQt2NlngQ8Vn9PZCTSehAFxhkR6OrZ3kj8r9dKoX3hZVwmKTBJJ4vaqcAQ41FQOOSKURADQwhV3PwV0y5RhIKJM29CcGZPnif1csk5Kzl3p8XK1TSOHNpHB+gIOegcVdAtqqIaougRPaNX9GY9WS/Wu/UxsS5Y05k99AfW1w8nXJ8I</latexit>

mẍ = F1 + Fp sin ✓ � kx� dẋ
<latexit sha1_base64="PP3Z77Z9tarQVDsZvZMLQUU8g1I=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68SJUsB/YhrLZbNulm03YnYgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJ74zUeujYjVPY4S7ke0r0RPMIpWerglnTCMMXsad0tlt+JOQRaJl5My5Kh1S1+dMGZpxBUySY1pe26CfkY1Cib5uNhJDU8oG9I+b1uqaMSNn00vHpNjq4SkF2tbCslU/T2R0ciYURTYzojiwMx7E/E/r51i79LPhEpS5IrNFvVSSTAmk/dJKDRnKEeWUKaFvZWwAdWUoQ2paEPw5l9eJI3Tinde8e7OytWrPI4CHMIRnIAHF1CFG6hBHRgoeIZXeHOM8+K8Ox+z1iUnnzmAP3A+fwBzoZDI</latexit>

Mẍ

<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="Jsi4dzOG2Sm55XN49S06et1hp+E=">AAACOnicbVDLSgMxFM34rPVVdekmWARBLDNF1GXRjcsWbCt0asmktzaYyQzJHbEM/S43foU7F25cKOLWDzBtR3weCJyce+5N7gliKQy67oMzNT0zOzefW8gvLi2vrBbW1hsmSjSHOo9kpM8DZkAKBXUUKOE81sDCQEIzuDoZ1ZvXoI2I1BkOYmiH7FKJnuAMrdQp1ELqd7sRpjdDuks/Lz72AdmQ+iAl9Xlk6EShe2PLl+OinHmMUJmnUyi6JXcM+pd4GSmSDNVO4d5O5EkICrlkxrQ8N8Z2yjQKLmGY9xMDMeNX7BJalioWgmmn49WHdNsqXdqLtD0K6Vj93pGy0JhBGFhnyLBvftdG4n+1VoK9o3YqVJwgKD55qJdIihEd5Ui7QgNHObCEcS3sXynvM8042rTzNgTv98p/SaNc8g5KXm2/WDnO4siRTbJFdohHDkmFnJIqqRNObskjeSYvzp3z5Lw6bxPrlJP1bJAfcN4/AASBrPw=</latexit>

mẍ+m✓̈` cos ✓ �m✓̇2` sin ✓
<latexit sha1_base64="7a3YZKTVQ2JLE2MiTaS0Ry4KtXw=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCG0siom6EoiAuK9gHNCFMptN26GQSZm6EGoq/4saFIm79D3f+jdM2C209cOFwzr3ce0+YCK7Bcb6twsLi0vJKcbW0tr6xuWVv7zR0nCrK6jQWsWqFRDPBJasDB8FaiWIkCgVrhoPrsd98YErzWN7DMGF+RHqSdzklYKTA3jvGN0GCPc0l9qDPgOBLHNhlp+JMgOeJm5MyylEL7C+vE9M0YhKoIFq3XScBPyMKOBVsVPJSzRJCB6TH2oZKEjHtZ5PrR/jQKB3cjZUpCXii/p7ISKT1MApNZ0Sgr2e9sfif106he+FnXCYpMEmni7qpwBDjcRS4wxWjIIaGEKq4uRXTPlGEggmsZEJwZ1+eJ42TintWce9Oy9WrPI4i2kcH6Ai56BxV0S2qoTqi6BE9o1f0Zj1ZL9a79TFtLVj5zC76A+vzBw9jk7A=</latexit>

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

<latexit sha1_base64="QtP787QrrEy8GB7uCRdbP2CDrmk=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ3lhkRdSMUBXFZwT6gM5RMJm1Dk8mQ3BHK0A9w46+4caGIWz/AnX9j2s5CWw8kHM45l+SeMBHcgOt+OwuLS8srq4W14vrG5tZ2aWe3YVSqKatTJZRuhcQwwWNWBw6CtRLNiAwFa4aD67HffGDacBXfwzBhgSS9mHc5JWClTqks/ShSkA1HnQRf4ht7+1QZ7EOfAcHHWPawTbkVdwI8T7yclFGOWqf05UeKppLFQAUxpu25CQQZ0cCpYKOinxqWEDogPda2NCaSmSCbLDPCh1aJcFdpe2LAE/X3REakMUMZ2qQk0Dez3lj8z2un0L0IMh4nKbCYTh/qpgKDwuNmcMQ1oyCGlhCquf0rpn2iCQXbX9GW4M2uPE8aJxXvrOLdnZarV3kdBbSPDtAR8tA5qqJbVEN1RNEjekav6M15cl6cd+djGl1w8pk99AfO5w+ZIJoJ</latexit>

mÿp = Fp cos ✓ �mg
<latexit sha1_base64="xySbTQ2jy2JRwz8E04CIg2MGA90=">AAACMHicbVBNSwMxFMz6WevXqkcvwSIIQtkVUS9C0YMeFawK3bVk01cbzGaX5K1Qlv4kL/4UvSgo4tVfYdouqK0DgWFmXpI3USqFQc97dSYmp6ZnZktz5fmFxaVld2X10iSZ5lDniUz0dcQMSKGgjgIlXKcaWBxJuIrujvv+1T1oIxJ1gd0UwpjdKtEWnKGVmu7JIY1p0GolmAfYAWQ9GoCUNDBC0aFC6fYg8xO52SlCPDFFqOlWvKo3AB0nfkEqpMBZ032yN/IsBoVcMmMavpdimDONgkvolYPMQMr4HbuFhqWKxWDCfLBwj25apUXbibZHIR2ovydyFhvTjSObjBl2zKjXF//zGhm2D8JcqDRDUHz4UDuTFBPab4+2hAaOsmsJ41rYv1LeYZpxtB2XbQn+6Mrj5HKn6u9V/fPdSu2oqKNE1skG2SI+2Sc1ckrOSJ1w8kCeyRt5dx6dF+fD+RxGJ5xiZo38gfP1DW5pqKQ=</latexit>

= m✓̈` sin ✓ +m✓̇2` cos ✓ <latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

Pendulum kinematics:
<latexit sha1_base64="B65hDJzIjd9jdmIEBDa7k9iPGnw=">AAACA3icbVDLSgNBEJz1GeMr6k0vg0EQhLArol6EoBePEcwDsiHMTjrJkNnZZaZXEkLAi7/ixYMiXv0Jb/6Nk2QPmljQUFR1090VxFIYdN1vZ2FxaXllNbOWXd/Y3NrO7exWTJRoDmUeyUjXAmZACgVlFCihFmtgYSChGvRuxn71AbQRkbrHQQyNkHWUaAvO0ErN3H6/GdMr2qcn1AcpqW+Eoj52AVkzl3cL7gR0nngpyZMUpWbuy29FPAlBIZfMmLrnxtgYMo2CSxhl/cRAzHiPdaBuqWIhmMZw8sOIHlmlRduRtqWQTtTfE0MWGjMIA9sZMuyaWW8s/ufVE2xfNoZCxQmC4tNF7URSjOg4ENoSGjjKgSWMa2FvpbzLNONoY8vaELzZl+dJ5bTgnRe8u7N88TqNI0MOyCE5Jh65IEVyS0qkTDh5JM/klbw5T86L8+58TFsXnHRmj/yB8/kDs9+WTQ==</latexit>

xp = x+ ` sin ✓
<latexit sha1_base64="EsqTsYIbKO6gGsQ9eDr5FLkFiOI=">AAACHHicbZDLSgMxFIYz9VbrbdSlm2ARBKHMqKgboejGZQV7gU4pmfS0Dc1cSM6IZeiDuPFV3LhQxI0LwbcxbWehrT8EPv5zTpLz+7EUGh3n28otLC4tr+RXC2vrG5tb9vZOTUeJ4lDlkYxUw2capAihigIlNGIFLPAl1P3B9bhevwelRRTe4TCGVsB6oegKztBYbfvE60SYPozaMb2kGdOjKXnYB2Qj6oGU1OORplOnbRedkjMRnQc3gyLJVGnbn+Y+ngQQIpdM66brxNhKmULBJYwKXqIhZnzAetA0GLIAdCudLDeiB8bp0G6kzAmRTtzfEykLtB4GvukMGPb1bG1s/ldrJti9aKUijBOEkE8f6iaSYkTHSdGOUMBRDg0wroT5K+V9phhHk2fBhODOrjwPteOSe1Zyb0+L5assjjzZI/vkkLjknJTJDamQKuHkkTyTV/JmPVkv1rv1MW3NWdnMLvkj6+sHh1ahpQ==</latexit>

ẋp = ẋ+ ✓̇` cos ✓
<latexit sha1_base64="hg/Fzt04NZ/kubNG6BBmTEqyAng="></latexit>

ẍp = ẍ+ ✓̈` cos ✓ � ✓̇2` sin ✓

<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 ✓

Full State Space Model  - 2nd Order

<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

Block dynamics

Pendulum dynamics

<latexit sha1_base64="M3MSJND+/IddiCQHQOGFtZjRFps="></latexit>
m`2 �m` cos ✓

�m` cos ✓ M +m

�
<latexit sha1_base64="O8Z07L2OFQhSqcoZT1L1skjMfBw="></latexit>
m✓̇2` sin ✓ + F1 � kx� dẋ

�mg sin ✓

�<latexit sha1_base64="UZ5sRyjggF3ZN0QvfjJN+PccPKU=">AAACFHicbZBNSwMxEIazflu/Vj16CRZBEcpuEfVY9OJFULAqdNuSTWdtMMkuyaxQlv4IL/4VLx4U8erBm//GtPag1RcCD+/MMJk3zqSwGASf3sTk1PTM7Nx8aWFxaXnFX127tGluONR5KlNzHTMLUmioo0AJ15kBpmIJV/Ht8aB+dQfGilRfYC+DpmI3WiSCM3RW29+NEsN4EfaLUxWBlK0q3aXbig6YRlZoGmEXkO20qv22Xw4qwVD0L4QjKJORztr+R9RJea5AI5fM2kYYZNgsmEHBJfRLUW4hY/yW3UDDoWYKbLMYHtWnW87p0CQ17mmkQ/fnRMGUtT0Vu07FsGvHawPzv1ojx+SwWQid5Qiafy9KckkxpYOEaEcY4Ch7Dhg3wv2V8i5zKaHLseRCCMdP/guX1Uq4XwnP98q1o1Ecc2SDbJJtEpIDUiMn5IzUCSf35JE8kxfvwXvyXr2379YJbzSzTn7Je/8CY3GdJQ==</latexit>

1

Mm`2 + (m` sin ✓)2

<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="Js4VCSHcWG628qL/5VRGPKidJso=">AAACO3icbVA9T8MwEHX4LOWrwMhiUSExVQlCwFjBwlgQbZGaqHKca2vhOJF9QVRR/xcLf4KNhYUBhFjZcdsI8XWS5ef37nx3L0ylMOi6j87M7Nz8wmJpqby8srq2XtnYbJkk0xyaPJGJvgqZASkUNFGghKtUA4tDCe3w+nSst29AG5GoSxymEMSsr0RPcIaW6lYu/BD6QuVhzFCL2xH1owTz8e1PoY8DQFa8v2s/RFDR1xfdStWtuZOgf4FXgCopotGtPNhOPItBIZfMmI7nphjkTKPgEkZlPzOQMn7N+tCxULEYTJBPdh/RXctEtJdoexTSCfu9ImexMcM4tJl2voH5rY3J/7ROhr3jIBcqzRAUnzbqZZJiQsdG0kho4CiHFjCuhZ2V8gHTjKO1u2xN8H6v/Be09mveYc07P6jWTwo7SmSb7JA94pEjUidnpEGahJM78kReyKtz7zw7b877NHXGKWq2yI9wPj4BCJyv5w==</latexit>2

664

ẋ
✓̇
ẍ
✓̈

3

775
<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

✓̇

�

Linearization
Option 1: from explicit formula…(expand out, take partial derivatives)

Option 2: using matrix forms…(more general)

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

ż =

<latexit sha1_base64="mHDFkds760jfd7pGEB57BX8pu/M=">AAAB+XicbVDJSgNBEK1xjXEb9eilMQgRJMyIqBch6MVjBLNAMoSeTk/SpGehuyaQDPkTLx4U8eqfePNv7CwHTXxQ8Hivqrvq+YkUGh3n21pZXVvf2Mxt5bd3dvf27YPDmo5TxXiVxTJWDZ9qLkXEqyhQ8kaiOA19yet+/37i1wdcaRFHTzhMuBfSbiQCwSgaqW3brU6M2WhMbklQHJ2nZ2274JScKcgyceekAHNU2vaXeYKlIY+QSap103US9DKqUDDJx/lWqnlCWZ92edPQiIZce9l08zE5NUqHBLEyFSGZqr8nMhpqPQx90xlS7OlFbyL+5zVTDG68TERJijxis4+CVBKMySQG0hGKM5RDQyhTwuxKWI8qytCElTchuIsnL5PaRcm9KrmPl4Xy3TyOHBzDCRTBhWsowwNUoAoMBvAMr/BmZdaL9W59zFpXrPnMEfyB9fkDLS2StQ==</latexit>

ż = f(z, u)

<latexit sha1_base64="YfcstZcVlh9uwRmoflS74fTjiv4=">AAACEnicbVDLSsNAFL3xWeur6tLNYBF0UxIRdSMU3bisYB/QhDKZTtqhk0mYmQgl5Bvc+CtuXCji1pU7/8ZJG1BbDwwczrn3zr3HjzlT2ra/rIXFpeWV1dJaeX1jc2u7srPbUlEiCW2SiEey42NFORO0qZnmtBNLikOf07Y/us799j2VikXiTo9j6oV4IFjACNZG6lWO3UBikroxlpphjtwQ66EfpDjLfsQkQ5eoV6naNXsCNE+cglShQKNX+XT7EUlCKjThWKmuY8faS/OZhNOs7CaKxpiM8IB2DRU4pMpLJydl6NAofRRE0jyh0UT93ZHiUKlx6JvKfGM16+Xif1430cGFlzIRJ5oKMv0oSDjSEcrzQX0mKdF8bAgmkpldERlik5E2KZZNCM7syfOkdVJzzmrO7Wm1flXEUYJ9OIAjcOAc6nADDWgCgQd4ghd4tR6tZ+vNep+WLlhFzx78gfXxDb2Dnh4=</latexit>

@a

@u
=

<latexit sha1_base64="QkSoWMuZrR9UuLdAT4gAVlaR/7w=">AAACGHicbVDLSgMxFM3UV62vUZdugkVoQeuMiLoRioK4ESrYB7S1ZNJMG5rJDElGqMN8hht/xY0LRdx259+Yaaeg1gOBk3Pu5d57nIBRqSzry8jMzS8sLmWXcyura+sb5uZWTfqhwKSKfeaLhoMkYZSTqqKKkUYgCPIcRurO4DLx6w9ESOrzOzUMSNtDPU5dipHSUsc8bHlI9R03QjE8h3D6u4kLj8X76MCOp8qVVvbDYsfMWyVrDDhL7JTkQYpKxxy1uj4OPcIVZkjKpm0Fqh0hoShmJM61QkkChAeoR5qacuQR2Y7Gh8VwTytd6PpCP67gWP3ZESFPyqHn6MpkTfnXS8T/vGao3LN2RHkQKsLxZJAbMqh8mKQEu1QQrNhQE4QF1btC3EcCYaWzzOkQ7L8nz5LaUck+Kdm3x/nyRRpHFuyAXVAANjgFZXANKqAKMHgCL+ANvBvPxqvxYXxOSjNG2rMNfsEYfQNYm59V</latexit>

a = M(z)�1F(z, u)

<latexit sha1_base64="svz8FJS294fDcU+MIroBbS5gEGw=">AAACBnicbZDLSsNAFIZPvNZ6i7oUYbAIbiyJiLoRim50IVSwF2hjmUwn7dDJhZmJUEJWbnwVNy4UceszuPNtnLQBtfWHgY//nMOc87sRZ1JZ1pcxMzs3v7BYWCour6yurZsbm3UZxoLQGgl5KJoulpSzgNYUU5w2I0Gx73LacAcXWb1xT4VkYXCrhhF1fNwLmMcIVtrqmDttH6u+6yXX6Q/dJQd2is7QVccsWWVrJDQNdg4lyFXtmJ/tbkhinwaKcCxly7Yi5SRYKEY4TYvtWNIIkwHu0ZbGAPtUOsnojBTtaaeLvFDoFyg0cn9PJNiXcui7ujNbVU7WMvO/WitW3qmTsCCKFQ3I+CMv5kiFKMsEdZmgRPGhBkwE07si0scCE6WTK+oQ7MmTp6F+WLaPy/bNUalynsdRgG3YhX2w4QQqcAlVqAGBB3iCF3g1Ho1n4814H7fOGPnMFvyR8fENdLmYcw==</latexit>

MM�1 = INote:
<latexit sha1_base64="qZlt3bVD6fA8khY0VoNrtSwhSKo=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cq9gOaUDbbbbt0kw27E6WE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo14w2mpNLtkBouRcwbKFDydqI5jULJW+HoZuq3Hrk2QsUPOE54ENFBLPqCUbSS79+LwRCp1uqJdMsVt+rOQJaJl5MK5Kh3y19+T7E04jEySY3peG6CQUY1Cib5pOSnhieUjeiAdyyNacRNkM1unpATq/RIX2lbMZKZ+nsio5Ex4yi0nRHFoVn0puJ/XifF/lWQiThJkcdsvqifSoKKTAMgPaE5Qzm2hDIt7K2EDammDG1MJRuCt/jyMmmeVb2Lqnd3Xqld53EU4QiO4RQ8uIQa3EIdGsAggWd4hTcndV6cd+dj3lpw8plD+APn8wftEJGd</latexit>)

<latexit sha1_base64="68qGgmiSIsFbh6XgbsQdjOhg8ys=">AAACY3icdVFdS8MwFE2rzrmpq9M3EYJD8GWjFVFfhKEvvggT3AesdaRZuoWlHySpsJX+Sd9888X/YboV1E4vBA7n3JN7c+JGjAppmu+avrG5Vdou71Squ3v7NeOg3hNhzDHp4pCFfOAiQRgNSFdSycgg4gT5LiN9d3af6f1XwgUNg2c5j4jjo0lAPYqRVNTIWEDb4wgndoS4pIhB20dy6nrJY/qSNK00/VYWo1kKb2Gz2PLvBQVvwQZHRsNsmcuC68DKQQPk1RkZb/Y4xLFPAokZEmJomZF0kmwEZiSt2LEgEcIzNCFDBQPkE+Eky4xSeKaYMfRCrk4g4ZL96UiQL8Tcd1Vntqcoahn5lzaMpXfjJDSIYkkCvBrkxQzKEGaBwzHlBEs2VwBhTtWuEE+Rikyqb6moEKzik9dB76JlXbWsp8tG+y6PowyOwSk4Bxa4Bm3wADqgCzD40EpaTTO0T72q1/WjVauu5Z5D8Kv0ky/GP7jq</latexit>

@M�1

@zk
= �M�1 @M

@zk
M�1

<latexit sha1_base64="k6p2G3iKA1FGqp/u7qbMfaR87Mk=">AAACInicbVDLSsNAFJ3UV62vqEs3g0WoC0si4mNXFMSNUME+oKllMp20QyeTMDMRasi3uPFX3LhQ1JXgxzhpI2rrgYHDuefeufe4IaNSWdaHkZuZnZtfyC8WlpZXVtfM9Y26DCKBSQ0HLBBNF0nCKCc1RRUjzVAQ5LuMNNzBWVpv3BIhacCv1TAkbR/1OPUoRkpLHfPE8ZHqu158mZTudm/iPTtxPIFw7IRIKIoY/DacJ8mPGCWwYxatsjUCnCZ2RoogQ7VjvjndAEc+4QozJGXLtkLVjtOJmJGk4ESShAgPUI+0NOXIJ7Idj05M4I5WutALhH5cwZH6uyNGvpRD39XOdF85WUvF/2qtSHnH7ZjyMFKE4/FHXsSgCmCaF+xSQbBiQ00QFlTvCnEf6YSUTrWgQ7AnT54m9f2yfVi2rw6KldMsjjzYAtugBGxwBCrgAlRBDWBwDx7BM3gxHown49V4H1tzRtazCf7A+PwCbiOk2A==</latexit>

M(z)�1 @F

@u



Linearization - Example

…around Equilibrium: 

Dynamics <latexit sha1_base64="v8dC06wjwKjPioExaKBN1kFzl04=">AAAB+3icbVDLSsNAFL3xWeur1qWbwSK4KomIuiy6cVnFPqCJZTKdtEMnkzAzkZaQX3HjQhG3/og7/8ZJm4W2Hhg4nHMv98zxY86Utu1va2V1bX1js7RV3t7Z3duvHFTbKkokoS0S8Uh2fawoZ4K2NNOcdmNJcehz2vHHN7nfeaJSsUg86GlMvRAPBQsYwdpI/Up1glwmkBtiPfL99D57NGLNrtszoGXiFKQGBZr9ypc7iEgSUqEJx0r1HDvWXoqlZoTTrOwmisaYjPGQ9gwVOKTKS2fZM3RilAEKImme0Gim/t5IcajUNPTNZJ5RLXq5+J/XS3Rw5aVMxImmgswPBQlHOkJ5EWjAJCWaTw3BRDKTFZERlphoU1fZlOAsfnmZtM/qzkXduTuvNa6LOkpwBMdwCg5cQgNuoQktIDCBZ3iFNyuzXqx362M+umIVO4fwB9bnD6G9lDA=</latexit>

x 2 Rn

Perturbed state & control

Equilibrium:

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

ẋ = f(x, u)
<latexit sha1_base64="MsOLpYsYp77Y6La+6O3WHmEkkUo=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlE1GXRjcsq9gFNLJPptB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DMniDlT2nG+rdLK6tr6RnmzsrW9s7tn71fbKkokoS0S8Uh2A6woZ4K2NNOcdmNJcRhw2gkm17nfeaRSsUjc62lM/RCPBBsygrWR+nY1QR4TyAuxHgdBepc9hH275tSdGdAycQtSgwLNvv3lDSKShFRowrFSPdeJtZ9iqRnhNKt4iaIxJhM8oj1DBQ6p8tNZ9gwdG2WAhpE0T2g0U39vpDhUahoGZjLPqBa9XPzP6yV6eOmnTMSJpoLMDw0TjnSE8iLQgElKNJ8agolkJisiYywx0aauiinBXfzyMmmf1t3zunt7VmtcFXWU4RCO4ARcuIAG3EATWkDgCZ7hFd6szHqx3q2P+WjJKnYO4A+szx+bepQs</latexit>

u 2 Rm

<latexit sha1_base64="iQBBMKr5A+lp5ldHcTeCo/7MiZw=">AAAB/HicbZDLSgMxFIbP1Futt9Eu3QSLUEHKjIiKIBTduKxgL9AOJZNm2tBMZkgyYhnqq7hxoYhbH8Sdb2PazkJbTwh8/P855OT3Y86UdpxvK7e0vLK6ll8vbGxube/Yu3sNFSWS0DqJeCRbPlaUM0HrmmlOW7GkOPQ5bfrDm4nffKBSsUjc61FMvRD3BQsYwdpIXbv4eJxcoo45QdngEbpCTtcuORVnWmgR3AxKkFWta391ehFJQio04ViptuvE2kux1IxwOi50EkVjTIa4T9sGBQ6p8tLp8mN0aJQeCiJprtBoqv6eSHGo1Cj0TWeI9UDNexPxP6+d6ODCS5mIE00FmT0UJBzpCE2SQD0mKdF8ZAATycyuiAywxESbvAomBHf+y4vQOKm4ZxX37rRUvc7iyMM+HEAZXDiHKtxCDepAYATP8Apv1pP1Yr1bH7PWnJXNFOFPWZ8/5DGSVw==</latexit>

x, u : f(x, u) = 0

<latexit sha1_base64="udbIWCyqgcGdm5N6jTM8ULt+Dmc="></latexit>

ẋ(t) + �̇x(t) = f
�
x
�
+


@f

@x

�

x(t)

�x(t)

<latexit sha1_base64="mQ+b53vqlLJhse5/dN522lqI37U=">AAACD3icbVDLSgMxFM3UV62vUZdugkWpFMqMiLoRirpwWcE+oC0lk2ba0MyD5I60DPMHbvwVNy4UcevWnX9j2o6grQdCTs65N8k9Tii4Asv6MjILi0vLK9nV3Nr6xuaWub1TU0EkKavSQASy4RDFBPdZFTgI1gglI54jWN0ZXI39+j2Tigf+HYxC1vZIz+cupwS01DEPW90A4mFSnOytayaA4GGCL7BbGBZ/zkcdM2+VrAnwPLFTkkcpKh3zU19II4/5QAVRqmlbIbRjIoFTwZJcK1IsJHRAeqypqU88ptrxZJ4EH2ili91A6uUDnqi/O2LiKTXyHF3pEeirWW8s/uc1I3DP2zH3wwiYT6cPuZHAEOBxOLjLJaMgRpoQKrn+K6Z9IgkFHWFOh2DPjjxPascl+7Rk357ky5dpHFm0h/ZRAdnoDJXRDaqgKqLoAT2hF/RqPBrPxpvxPi3NGGnPLvoD4+MbaQybmQ==</latexit>

ẋ+ �̇x = f(x+�x)
<latexit sha1_base64="BIH5FSB6ZxIcDITc9WyNoRUPyhg="></latexit>

ẋ+ �̇x = f(x) +


@f

@x

�
�x

0
<latexit sha1_base64="bw1u7P7Zp7OOD1ais8YxPCkTkGI="></latexit>

�̇x =


@f

@x

�
�x

<latexit sha1_base64="8yaoKCskarkczxuKjVJDmOoaVJQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRiyhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD6DGNAg==</latexit>x

<latexit sha1_base64="8yaoKCskarkczxuKjVJDmOoaVJQ=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRiyhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD6DGNAg==</latexit>x

0

<latexit sha1_base64="9KnHSHIoOGgp+ngm5C8tPQT5MQY=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEIFaEkIuqxqAePFewHtKFstpt26WYTdifSGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMPD8WXIPjfFu5ldW19Y38ZmFre2e3aO/tN3SUKMrqNBKRavlEM8ElqwMHwVqxYiT0BWv6w5up33xkSvNIPsA4Zl5I+pIHnBIwUtcujvAp7twyAQSPynDStUtOxZkBLxM3IyWUoda1vzq9iCYhk0AF0brtOjF4KVHAqWCTQifRLCZ0SPqsbagkIdNeOjt8go+N0sNBpExJwDP190RKQq3HoW86QwIDvehNxf+8dgLBlZdyGSfAJJ0vChKBIcLTFHCPK0ZBjA0hVHFzK6YDoggFk1XBhOAuvrxMGmcV96Li3p+XqtdZHHl0iI5QGbnoElXRHaqhOqIoQc/oFb1ZT9aL9W59zFtzVjZzgP7A+vwBqciRzQ==</latexit>

x+�x(t)
<latexit sha1_base64="0LnMtUqEaBnk4McI3obTYTPwZiI=">AAAB+XicbVBNSwMxEM36WevXqkcvwSJUhLIroh6LevBYwX5Au5Rsmm1Ds9klmRTK0n/ixYMiXv0n3vw3pu0etPXBwOO9GWbmhangGjzv21lZXVvf2CxsFbd3dvf23YPDhk6MoqxOE5GoVkg0E1yyOnAQrJUqRuJQsGY4vJv6zRFTmifyCcYpC2LSlzzilICVuq5r8Dnu3DMBBBtchrOuW/Iq3gx4mfg5KaEcta771ekl1MRMAhVE67bvpRBkRAGngk2KHaNZSuiQ9FnbUklipoNsdvkEn1qlh6NE2ZKAZ+rviYzEWo/j0HbGBAZ60ZuK/3ltA9FNkHGZGmCSzhdFRmBI8DQG3OOKURBjSwhV3N6K6YAoQsGGVbQh+IsvL5PGRcW/qviPl6XqbR5HAR2jE1RGPrpGVfSAaqiOKBqhZ/SK3pzMeXHenY9564qTzxyhP3A+fwD6N5Hx</latexit>

u+�u(t)

<latexit sha1_base64="17YPVym2JA9ikXVfVG7XzZacEV0=">AAACAXicbZDLSgMxFIbP1Futt1E3gptgESpKmRFRl0VduKxgL9AOJZNmamgmMyQZaSl146u4caGIW9/CnW9j2o6grT8EPv5zDifn92POlHacLyszN7+wuJRdzq2srq1v2JtbVRUlktAKiXgk6z5WlDNBK5ppTuuxpDj0Oa353ctRvXZPpWKRuNX9mHoh7ggWMIK1sVr2TlDoHTavKNcY9Y6SH0wOWnbeKTpjoVlwU8hDqnLL/my2I5KEVGjCsVIN14m1N8BSM8LpMNdMFI0x6eIObRgUOKTKG4wvGKJ947RREEnzhEZj9/fEAIdK9UPfdIZY36np2sj8r9ZIdHDuDZiIE00FmSwKEo50hEZxoDaTlGjeN4CJZOaviNxhiYk2oeVMCO70ybNQPS66p0X35iRfukjjyMIu7EEBXDiDElxDGSpA4AGe4AVerUfr2Xqz3ietGSud2YY/sj6+AUePlYA=</latexit>

f(x+�x, u+�u)
<latexit sha1_base64="orSfGLXTVHERHmYWJCN2WgHOPik=">AAACJHicbZDJSgNBEIZ73I1b1KOXxiAIQpgRUcFLUA8eFcwCmSH0dGqSxp6F7hohDPMwXnwVLx5c8ODFZ7EnGXAtaPj4/yqq6/cTKTTa9rs1NT0zOze/sFhZWl5ZXauub7R0nCoOTR7LWHV8pkGKCJooUEInUcBCX0Lbvzkr/PYtKC3i6BpHCXghG0QiEJyhkXrVkz3qSgiwS13qBorxzE2YQsEkDfIvTvPCV2IwRI+65yCR0bRXrdl1e1z0Lzgl1EhZl73qi9uPeRpChFwyrbuOnaCXFTu4hLziphoSxm/YALoGIxaC9rLxkTndMUqfBrEyL0I6Vr9PZCzUehT6pjNkONS/vUL8z+umGBx7mYiSFCHik0VBKinGtEiM9oUCjnJkgHElzF8pHzITFZpcKyYE5/fJf6G1X3cO687VQa1xWsaxQLbINtklDjkiDXJBLkmTcHJHHsgTebburUfr1XqbtE5Z5cwm+VHWxyfGJqRL</latexit>

+


@f

@u

�
�u

<latexit sha1_base64="k9OxXNv9uJlv+1nWW3d/WChKjbo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB46WM/w==</latexit>u
<latexit sha1_base64="orSfGLXTVHERHmYWJCN2WgHOPik=">AAACJHicbZDJSgNBEIZ73I1b1KOXxiAIQpgRUcFLUA8eFcwCmSH0dGqSxp6F7hohDPMwXnwVLx5c8ODFZ7EnGXAtaPj4/yqq6/cTKTTa9rs1NT0zOze/sFhZWl5ZXauub7R0nCoOTR7LWHV8pkGKCJooUEInUcBCX0Lbvzkr/PYtKC3i6BpHCXghG0QiEJyhkXrVkz3qSgiwS13qBorxzE2YQsEkDfIvTvPCV2IwRI+65yCR0bRXrdl1e1z0Lzgl1EhZl73qi9uPeRpChFwyrbuOnaCXFTu4hLziphoSxm/YALoGIxaC9rLxkTndMUqfBrEyL0I6Vr9PZCzUehT6pjNkONS/vUL8z+umGBx7mYiSFCHik0VBKinGtEiM9oUCjnJkgHElzF8pHzITFZpcKyYE5/fJf6G1X3cO687VQa1xWsaxQLbINtklDjkiDXJBLkmTcHJHHsgTebburUfr1XqbtE5Z5cwm+VHWxyfGJqRL</latexit>

+


@f

@u

�
�u

<latexit sha1_base64="k9OxXNv9uJlv+1nWW3d/WChKjbo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUSPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVrXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwB46WM/w==</latexit>u

<latexit sha1_base64="pqC2ZLX/RtzRDltX8b7rbU+JiGs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpTdIuqx6MVjBfsB7VKyabaNzSZLkhXL0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDP1W49UaSbFvRnH1I/wQLCQEWys1AzLT2fJaa9YcivuDGiZeBkpQYZ6r/jV7UuSRFQYwrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYsFTii2k9n107QiVX6KJTKljBopv6eSHGk9TgKbGeEzVAvelPxP6+TmPDKT5mIE0MFmS8KE46MRNPXUZ8pSgwfW4KJYvZWRIZYYWJsQAUbgrf48jJpViveRcW7Oy/VrrM48nAEx1AGDy6hBrdQhwYQeIBneIU3RzovzrvzMW/NOdnMIfyB8/kDrxmOjA==</latexit>

f(x, u)

<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="Q07TjtbmaUB2B1osmd0oDXdmKio=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KomIeizqwWMF+wFtKJvtpl262cTdiVhC/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXJFIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e03TJxqxusslrFuBdRwKRSvo0DJW4nmNAokbwbD64nffOTaiFjd4yjhfkT7SoSCUbRSq3PDJVLy1C2V3Yo7BVkkXk7KkKPWLX11ejFLI66QSWpM23MT9DOqUTDJx8VOanhC2ZD2edtSRSNu/Gx675gcW6VHwljbUkim6u+JjEbGjKLAdkYUB2bem4j/ee0Uw0s/EypJkSs2WxSmkmBMJs+TntCcoRxZQpkW9lbCBlRThjaiog3Bm395kTROK955xbs7K1ev8jgKcAhHcAIeXEAVbqEGdWAg4Rle4c15cF6cd+dj1rrk5DMH8AfO5w+XfY+u</latexit>

�x

Free Body Diagrams

<latexit sha1_base64="XKeW0ayLm7LV7UayuyRAufU9g1Y=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUS9CURCPFewHtEvJptk2bJJdk6xYlv4JLx4U8erf8ea/MW33oK0PBh7vzTAzL0g408Z1v53C0vLK6lpxvbSxubW9U97da+o4VYQ2SMxj1Q6wppxJ2jDMcNpOFMUi4LQVRNcTv/VIlWaxvDejhPoCDyQLGcHGSu2bXoQuUfTUK1fcqjsFWiReTiqQo94rf3X7MUkFlYZwrHXHcxPjZ1gZRjgdl7qppgkmER7QjqUSC6r9bHrvGB1ZpY/CWNmSBk3V3xMZFlqPRGA7BTZDPe9NxP+8TmrCCz9jMkkNlWS2KEw5MjGaPI/6TFFi+MgSTBSztyIyxAoTYyMq2RC8+ZcXSfOk6p1VvbvTSu0qj6MIB3AIx+DBOdTgFurQAAIcnuEV3pwH58V5dz5mrQUnn9mHP3A+fwDu0I9A</latexit>

Fk = kx
<latexit sha1_base64="DcSLeTw9fOIqvLC2WWhRcSe8MJA=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9SIEBfEYwTwgWcPs7GwyZPbBTK8alvyHFw+KePVfvPk3TpI9aGLBQFHVRfeUl0ih0ba/rYXFpeWV1cJacX1jc2u7tLPb0HGqGK+zWMaq5VHNpYh4HQVK3koUp6EnedMbXI395gNXWsTRHQ4T7oa0F4lAMIpGur/u+uSC+B0/xuxp1C2V7Yo9AZknTk7KkKPWLX2ZJEtDHiGTVOu2YyfoZlShYJKPip1U84SyAe3xtqERDbl2s8nVI3JoFJ8EsTIvQjJRfycyGmo9DD0zGVLs61lvLP7ntVMMzt1MREmKPGLTRUEqCcZkXAHxheIM5dAQypQwtxLWp4oyNEUVTQnO7JfnSeO44pxWnNuTcvUyr6MA+3AAR+DAGVThBmpQBwYKnuEV3qxH68V6tz6mowtWntmDP7A+fwC+jZIJ</latexit>

Fd = dẋ

<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="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="p0xNW86LSSNl+5eaBt4B1p/el+M=">AAACG3icbVDLSgMxFM34rPVVdekmWARBLDNF1I1QFMRlBfuAzjBkMmkbmskMyR1pGfofbvwVNy4UcSW48G9MHwttPZDL4dxzubknSATXYNvf1sLi0vLKam4tv76xubVd2Nmt6zhVlNVoLGLVDIhmgktWAw6CNRPFSBQI1gh616N+44EpzWN5D4OEeRHpSN7mlICR/EI5wm4YxpD1h/gS3/gOPjY1wa7mErvQZUDwCe71TQndic8vFO2SPQaeJ86UFNEUVb/waSZpGjEJVBCtW46dgJcRBZwKNsy7qWYJoT3SYS1DJYmY9rLxbUN8aJQQt2NlngQ8Vn9PZCTSehAFxhkR6OrZ3kj8r9dKoX3hZVwmKTBJJ4vaqcAQ41FQOOSKURADQwhV3PwV0y5RhIKJM29CcGZPnif1csk5Kzl3p8XK1TSOHNpHB+gIOegcVdAtqqIaougRPaNX9GY9WS/Wu/UxsS5Y05k99AfW1w8nXJ8I</latexit>

mẍ = F1 + Fp sin ✓ � kx� dẋ
<latexit sha1_base64="PP3Z77Z9tarQVDsZvZMLQUU8g1I=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68SJUsB/YhrLZbNulm03YnYgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJ74zUeujYjVPY4S7ke0r0RPMIpWerglnTCMMXsad0tlt+JOQRaJl5My5Kh1S1+dMGZpxBUySY1pe26CfkY1Cib5uNhJDU8oG9I+b1uqaMSNn00vHpNjq4SkF2tbCslU/T2R0ciYURTYzojiwMx7E/E/r51i79LPhEpS5IrNFvVSSTAmk/dJKDRnKEeWUKaFvZWwAdWUoQ2paEPw5l9eJI3Tinde8e7OytWrPI4CHMIRnIAHF1CFG6hBHRgoeIZXeHOM8+K8Ox+z1iUnnzmAP3A+fwBzoZDI</latexit>

Mẍ

<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="Jsi4dzOG2Sm55XN49S06et1hp+E=">AAACOnicbVDLSgMxFM34rPVVdekmWARBLDNF1GXRjcsWbCt0asmktzaYyQzJHbEM/S43foU7F25cKOLWDzBtR3weCJyce+5N7gliKQy67oMzNT0zOzefW8gvLi2vrBbW1hsmSjSHOo9kpM8DZkAKBXUUKOE81sDCQEIzuDoZ1ZvXoI2I1BkOYmiH7FKJnuAMrdQp1ELqd7sRpjdDuks/Lz72AdmQ+iAl9Xlk6EShe2PLl+OinHmMUJmnUyi6JXcM+pd4GSmSDNVO4d5O5EkICrlkxrQ8N8Z2yjQKLmGY9xMDMeNX7BJalioWgmmn49WHdNsqXdqLtD0K6Vj93pGy0JhBGFhnyLBvftdG4n+1VoK9o3YqVJwgKD55qJdIihEd5Ui7QgNHObCEcS3sXynvM8042rTzNgTv98p/SaNc8g5KXm2/WDnO4siRTbJFdohHDkmFnJIqqRNObskjeSYvzp3z5Lw6bxPrlJP1bJAfcN4/AASBrPw=</latexit>

mẍ+m✓̈` cos ✓ �m✓̇2` sin ✓
<latexit sha1_base64="7a3YZKTVQ2JLE2MiTaS0Ry4KtXw=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCG0siom6EoiAuK9gHNCFMptN26GQSZm6EGoq/4saFIm79D3f+jdM2C209cOFwzr3ce0+YCK7Bcb6twsLi0vJKcbW0tr6xuWVv7zR0nCrK6jQWsWqFRDPBJasDB8FaiWIkCgVrhoPrsd98YErzWN7DMGF+RHqSdzklYKTA3jvGN0GCPc0l9qDPgOBLHNhlp+JMgOeJm5MyylEL7C+vE9M0YhKoIFq3XScBPyMKOBVsVPJSzRJCB6TH2oZKEjHtZ5PrR/jQKB3cjZUpCXii/p7ISKT1MApNZ0Sgr2e9sfif106he+FnXCYpMEmni7qpwBDjcRS4wxWjIIaGEKq4uRXTPlGEggmsZEJwZ1+eJ42TintWce9Oy9WrPI4i2kcH6Ai56BxV0S2qoTqi6BE9o1f0Zj1ZL9a79TFtLVj5zC76A+vzBw9jk7A=</latexit>

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

<latexit sha1_base64="QtP787QrrEy8GB7uCRdbP2CDrmk=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ3lhkRdSMUBXFZwT6gM5RMJm1Dk8mQ3BHK0A9w46+4caGIWz/AnX9j2s5CWw8kHM45l+SeMBHcgOt+OwuLS8srq4W14vrG5tZ2aWe3YVSqKatTJZRuhcQwwWNWBw6CtRLNiAwFa4aD67HffGDacBXfwzBhgSS9mHc5JWClTqks/ShSkA1HnQRf4ht7+1QZ7EOfAcHHWPawTbkVdwI8T7yclFGOWqf05UeKppLFQAUxpu25CQQZ0cCpYKOinxqWEDogPda2NCaSmSCbLDPCh1aJcFdpe2LAE/X3REakMUMZ2qQk0Dez3lj8z2un0L0IMh4nKbCYTh/qpgKDwuNmcMQ1oyCGlhCquf0rpn2iCQXbX9GW4M2uPE8aJxXvrOLdnZarV3kdBbSPDtAR8tA5qqJbVEN1RNEjekav6M15cl6cd+djGl1w8pk99AfO5w+ZIJoJ</latexit>

mÿp = Fp cos ✓ �mg
<latexit sha1_base64="xySbTQ2jy2JRwz8E04CIg2MGA90=">AAACMHicbVBNSwMxFMz6WevXqkcvwSIIQtkVUS9C0YMeFawK3bVk01cbzGaX5K1Qlv4kL/4UvSgo4tVfYdouqK0DgWFmXpI3USqFQc97dSYmp6ZnZktz5fmFxaVld2X10iSZ5lDniUz0dcQMSKGgjgIlXKcaWBxJuIrujvv+1T1oIxJ1gd0UwpjdKtEWnKGVmu7JIY1p0GolmAfYAWQ9GoCUNDBC0aFC6fYg8xO52SlCPDFFqOlWvKo3AB0nfkEqpMBZ032yN/IsBoVcMmMavpdimDONgkvolYPMQMr4HbuFhqWKxWDCfLBwj25apUXbibZHIR2ovydyFhvTjSObjBl2zKjXF//zGhm2D8JcqDRDUHz4UDuTFBPab4+2hAaOsmsJ41rYv1LeYZpxtB2XbQn+6Mrj5HKn6u9V/fPdSu2oqKNE1skG2SI+2Sc1ckrOSJ1w8kCeyRt5dx6dF+fD+RxGJ5xiZo38gfP1DW5pqKQ=</latexit>

= m✓̈` sin ✓ +m✓̇2` cos ✓ <latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

Pendulum kinematics:
<latexit sha1_base64="B65hDJzIjd9jdmIEBDa7k9iPGnw=">AAACA3icbVDLSgNBEJz1GeMr6k0vg0EQhLArol6EoBePEcwDsiHMTjrJkNnZZaZXEkLAi7/ixYMiXv0Jb/6Nk2QPmljQUFR1090VxFIYdN1vZ2FxaXllNbOWXd/Y3NrO7exWTJRoDmUeyUjXAmZACgVlFCihFmtgYSChGvRuxn71AbQRkbrHQQyNkHWUaAvO0ErN3H6/GdMr2qcn1AcpqW+Eoj52AVkzl3cL7gR0nngpyZMUpWbuy29FPAlBIZfMmLrnxtgYMo2CSxhl/cRAzHiPdaBuqWIhmMZw8sOIHlmlRduRtqWQTtTfE0MWGjMIA9sZMuyaWW8s/ufVE2xfNoZCxQmC4tNF7URSjOg4ENoSGjjKgSWMa2FvpbzLNONoY8vaELzZl+dJ5bTgnRe8u7N88TqNI0MOyCE5Jh65IEVyS0qkTDh5JM/klbw5T86L8+58TFsXnHRmj/yB8/kDs9+WTQ==</latexit>

xp = x+ ` sin ✓
<latexit sha1_base64="EsqTsYIbKO6gGsQ9eDr5FLkFiOI=">AAACHHicbZDLSgMxFIYz9VbrbdSlm2ARBKHMqKgboejGZQV7gU4pmfS0Dc1cSM6IZeiDuPFV3LhQxI0LwbcxbWehrT8EPv5zTpLz+7EUGh3n28otLC4tr+RXC2vrG5tb9vZOTUeJ4lDlkYxUw2capAihigIlNGIFLPAl1P3B9bhevwelRRTe4TCGVsB6oegKztBYbfvE60SYPozaMb2kGdOjKXnYB2Qj6oGU1OORplOnbRedkjMRnQc3gyLJVGnbn+Y+ngQQIpdM66brxNhKmULBJYwKXqIhZnzAetA0GLIAdCudLDeiB8bp0G6kzAmRTtzfEykLtB4GvukMGPb1bG1s/ldrJti9aKUijBOEkE8f6iaSYkTHSdGOUMBRDg0wroT5K+V9phhHk2fBhODOrjwPteOSe1Zyb0+L5assjjzZI/vkkLjknJTJDamQKuHkkTyTV/JmPVkv1rv1MW3NWdnMLvkj6+sHh1ahpQ==</latexit>

ẋp = ẋ+ ✓̇` cos ✓
<latexit sha1_base64="hg/Fzt04NZ/kubNG6BBmTEqyAng="></latexit>

ẍp = ẍ+ ✓̈` cos ✓ � ✓̇2` sin ✓

<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 ✓

Full State Space Model  - 2nd Order

<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

Block dynamics

Pendulum dynamics

<latexit sha1_base64="M3MSJND+/IddiCQHQOGFtZjRFps="></latexit>
m`2 �m` cos ✓

�m` cos ✓ M +m

� <latexit sha1_base64="O8Z07L2OFQhSqcoZT1L1skjMfBw="></latexit>
m✓̇2` sin ✓ + F1 � kx� dẋ

�mg sin ✓

�
<latexit sha1_base64="UZ5sRyjggF3ZN0QvfjJN+PccPKU=">AAACFHicbZBNSwMxEIazflu/Vj16CRZBEcpuEfVY9OJFULAqdNuSTWdtMMkuyaxQlv4IL/4VLx4U8erBm//GtPag1RcCD+/MMJk3zqSwGASf3sTk1PTM7Nx8aWFxaXnFX127tGluONR5KlNzHTMLUmioo0AJ15kBpmIJV/Ht8aB+dQfGilRfYC+DpmI3WiSCM3RW29+NEsN4EfaLUxWBlK0q3aXbig6YRlZoGmEXkO20qv22Xw4qwVD0L4QjKJORztr+R9RJea5AI5fM2kYYZNgsmEHBJfRLUW4hY/yW3UDDoWYKbLMYHtWnW87p0CQ17mmkQ/fnRMGUtT0Vu07FsGvHawPzv1ojx+SwWQid5Qiafy9KckkxpYOEaEcY4Ch7Dhg3wv2V8i5zKaHLseRCCMdP/guX1Uq4XwnP98q1o1Ecc2SDbJJtEpIDUiMn5IzUCSf35JE8kxfvwXvyXr2379YJbzSzTn7Je/8CY3GdJQ==</latexit>

1

Mm`2 + (m` sin ✓)2

<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="Js4VCSHcWG628qL/5VRGPKidJso=">AAACO3icbVA9T8MwEHX4LOWrwMhiUSExVQlCwFjBwlgQbZGaqHKca2vhOJF9QVRR/xcLf4KNhYUBhFjZcdsI8XWS5ef37nx3L0ylMOi6j87M7Nz8wmJpqby8srq2XtnYbJkk0xyaPJGJvgqZASkUNFGghKtUA4tDCe3w+nSst29AG5GoSxymEMSsr0RPcIaW6lYu/BD6QuVhzFCL2xH1owTz8e1PoY8DQFa8v2s/RFDR1xfdStWtuZOgf4FXgCopotGtPNhOPItBIZfMmI7nphjkTKPgEkZlPzOQMn7N+tCxULEYTJBPdh/RXctEtJdoexTSCfu9ImexMcM4tJl2voH5rY3J/7ROhr3jIBcqzRAUnzbqZZJiQsdG0kho4CiHFjCuhZ2V8gHTjKO1u2xN8H6v/Be09mveYc07P6jWTwo7SmSb7JA94pEjUidnpEGahJM78kReyKtz7zw7b877NHXGKWq2yI9wPj4BCJyv5w==</latexit>2

664

ẋ
✓̇
ẍ
✓̈

3

775
<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

✓̇

�

Linearization

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

ż =

<latexit sha1_base64="mHDFkds760jfd7pGEB57BX8pu/M=">AAAB+XicbVDJSgNBEK1xjXEb9eilMQgRJMyIqBch6MVjBLNAMoSeTk/SpGehuyaQDPkTLx4U8eqfePNv7CwHTXxQ8Hivqrvq+YkUGh3n21pZXVvf2Mxt5bd3dvf27YPDmo5TxXiVxTJWDZ9qLkXEqyhQ8kaiOA19yet+/37i1wdcaRFHTzhMuBfSbiQCwSgaqW3brU6M2WhMbklQHJ2nZ2274JScKcgyceekAHNU2vaXeYKlIY+QSap103US9DKqUDDJx/lWqnlCWZ92edPQiIZce9l08zE5NUqHBLEyFSGZqr8nMhpqPQx90xlS7OlFbyL+5zVTDG68TERJijxis4+CVBKMySQG0hGKM5RDQyhTwuxKWI8qytCElTchuIsnL5PaRcm9KrmPl4Xy3TyOHBzDCRTBhWsowwNUoAoMBvAMr/BmZdaL9W59zFpXrPnMEfyB9fkDLS2StQ==</latexit>

ż = f(z, u)

<latexit sha1_base64="QkSoWMuZrR9UuLdAT4gAVlaR/7w=">AAACGHicbVDLSgMxFM3UV62vUZdugkVoQeuMiLoRioK4ESrYB7S1ZNJMG5rJDElGqMN8hht/xY0LRdx259+Yaaeg1gOBk3Pu5d57nIBRqSzry8jMzS8sLmWXcyura+sb5uZWTfqhwKSKfeaLhoMkYZSTqqKKkUYgCPIcRurO4DLx6w9ESOrzOzUMSNtDPU5dipHSUsc8bHlI9R03QjE8h3D6u4kLj8X76MCOp8qVVvbDYsfMWyVrDDhL7JTkQYpKxxy1uj4OPcIVZkjKpm0Fqh0hoShmJM61QkkChAeoR5qacuQR2Y7Gh8VwTytd6PpCP67gWP3ZESFPyqHn6MpkTfnXS8T/vGao3LN2RHkQKsLxZJAbMqh8mKQEu1QQrNhQE4QF1btC3EcCYaWzzOkQ7L8nz5LaUck+Kdm3x/nyRRpHFuyAXVAANjgFZXANKqAKMHgCL+ANvBvPxqvxYXxOSjNG2rMNfsEYfQNYm59V</latexit>

a = M(z)�1F(z, u)

<latexit sha1_base64="SzAwzS72y46KrPHbI9V0AKSgjcg="></latexit>

@M

@✓
=


0 �m` sin ✓

�m` sin ✓ 0

�

<latexit sha1_base64="tJKXEkP+QMj75WG3wNFHz9POM2o="></latexit>

@F

@u
=


1
0

�

<latexit sha1_base64="RDmGwCFPAIkNOcYOUmUhmrwUI3Y=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURUTdC0Y0boYJ9QBvKZDpph04mYWZSqKF/4saFIm79E3f+jZM2C209MHA4517umePHnCntON9WYWV1bX2juFna2t7Z3bP3D5oqSiShDRLxSLZ9rChngjY005y2Y0lx6HPa8ke3md8aU6lYJB71JKZeiAeCBYxgbaSebXdDrId+kN5PK0+n6Br17LJTdWZAy8TNSRly1Hv2V7cfkSSkQhOOleq4Tqy9FEvNCKfTUjdRNMZkhAe0Y6jAIVVeOks+RSdG6aMgkuYJjWbq740Uh0pNQt9MZjnVopeJ/3mdRAdXXspEnGgqyPxQkHCkI5TVgPpMUqL5xBBMJDNZERliiYk2ZZVMCe7il5dJ86zqXlTdh/Ny7SavowhHcAwVcOESanAHdWgAgTE8wyu8Wan1Yr1bH/PRgpXvHMIfWJ8/IQaSrA==</latexit>

M(z) =
<latexit sha1_base64="Yehs34o9+0i5p8PKpbTRzf95LmE="></latexit>
M +m m` cos ✓
m` cos ✓ m`2

�

<latexit sha1_base64="TaOBC65bz9Wk0MFFVeO9mQyANcM="></latexit>

@F

@z
=


�k m✓̇2` cos ✓ �d 2m✓̇` sin ✓
0 �mg cos ✓ 0 0

�

<latexit sha1_base64="IFTiUSZfWG4uLq9MK6bBo4A51SA=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahgpRERN0IRUFcVrAPaEOZTCft0MmDmYlYQ37FjQtF3Poj7vwbJ20W2npg4HDOvdwzx404k8qyvo3C0vLK6lpxvbSxubW9Y+6WWzKMBaFNEvJQdFwsKWcBbSqmOO1EgmLf5bTtjq8zv/1AhWRhcK8mEXV8PAyYxwhWWuqb5Z6P1cj1kpu0+nQcH6FL1DcrVs2aAi0SOycVyNHom1+9QUhinwaKcCxl17Yi5SRYKEY4TUu9WNIIkzEe0q6mAfapdJJp9hQdamWAvFDoFyg0VX9vJNiXcuK7ejJLKue9TPzP68bKu3ASFkSxogGZHfJijlSIsiLQgAlKFJ9ogolgOisiIywwUbquki7Bnv/yImmd1Oyzmn13Wqlf5XUUYR8OoAo2nEMdbqEBTSDwCM/wCm9GarwY78bHbLRg5Dt78AfG5w9gnJNa</latexit>

F(z, u) =
<latexit sha1_base64="O8Z07L2OFQhSqcoZT1L1skjMfBw="></latexit>
m✓̇2` sin ✓ + F1 � kx� dẋ

�mg sin ✓

�

<latexit sha1_base64="Vlopfzi1oY7yOKugZNl3d0G/Qvk=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIqMuiGzdCBfuANpbJdNIOnUzCzKRQQv7EjQtF3Pon7vwbJ20W2npg4HDOvdwzx485U9pxvq3Syura+kZ5s7K1vbO7Z+8ftFSUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj29zvz2hUrFIPOppTL0QDwULGMHaSH3b7oVYj/wgvc+e0jM3q/TtqlNzZkDLxC1IFQo0+vZXbxCRJKRCE46V6rpOrL0US80Ip1mllygaYzLGQ9o1VOCQKi+dJc/QiVEGKIikeUKjmfp7I8WhUtPQN5N5TrXo5eJ/XjfRwbWXMhEnmgoyPxQkHOkI5TWgAZOUaD41BBPJTFZERlhiok1ZeQnu4peXSeu85l7W3IeLav2mqKMMR3AMp+DCFdThDhrQBAITeIZXeLNS68V6tz7moyWr2DmEP7A+fwDVXpMi</latexit>

M�1

<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="Baivys3cGEREyGP6WmztFqIyAQE="></latexit>

0 �M�1 @M
@✓ M�1F 0 0

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

0
<latexit sha1_base64="aQNkQivAbD18XB68UH78o3DPq2s=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7AekoWy2m3btZjfsboQS+h+8eFDEq//Hm//GTZuDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqhVhTzgRtG2Y47SWK4jjktBtObnO/+0SVZlI8mGlCgxiPBIsYwcZKnX7IRn5lUK25dXcOtEq8gtSgQGtQ/eoPJUljKgzhWGvfcxMTZFgZRjidVfqppgkmEzyivqUCx1QH2fzaGTqzyhBFUtkSBs3V3xMZjrWexqHtjLEZ62UvF//z/NRE10HGRJIaKshiUZRyZCTKX0dDpigxfGoJJorZWxEZY4WJsQHlIXjLL6+SzkXda9S9+8ta86aIowwncArn4MEVNOEOWtAGAo/wDK/w5kjnxXl3PhatJaeYOYY/cD5/AOUKjq8=</latexit>⇥ <latexit sha1_base64="aQNkQivAbD18XB68UH78o3DPq2s=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7AekoWy2m3btZjfsboQS+h+8eFDEq//Hm//GTZuDtj4YeLw3w8y8MOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqhVhTzgRtG2Y47SWK4jjktBtObnO/+0SVZlI8mGlCgxiPBIsYwcZKnX7IRn5lUK25dXcOtEq8gtSgQGtQ/eoPJUljKgzhWGvfcxMTZFgZRjidVfqppgkmEzyivqUCx1QH2fzaGTqzyhBFUtkSBs3V3xMZjrWexqHtjLEZ62UvF//z/NRE10HGRJIaKshiUZRyZCTKX0dDpigxfGoJJorZWxEZY4WJsQHlIXjLL6+SzkXda9S9+8ta86aIowwncArn4MEVNOEOWtAGAo/wDK/w5kjnxXl3PhatJaeYOYY/cD5/AOUKjq8=</latexit> ⇥

<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="76amL2JspmCy2rLGs73VujnDtKE=">AAACCnicbZDLSsNAFIZPvNZ6q7p0M1oEVyURUTdC0Y3LCvYCTSiT6aQdOpmEmYlQQtZufBU3LhRx6xO4822ctAG19YeBj/+cMzPn92POlLbtL2thcWl5ZbW0Vl7f2NzaruzstlSUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj67zevueSsUicafHMfVCPBAsYARrY/UqB24gMUndGEvNMEdB9sNJhi5RuVep2jV7IjQPTgFVKNToVT7dfkSSkApNOFaq69ix9tL8UsJpVnYTRWNMRnhAuwYFDqny0skqGToyTh8FkTRHaDRxf0+kOFRqHPqmM8R6qGZruflfrZvo4MJLmYgTTQWZPhQkHOkI5bmgPpOUaD42gIlk5q+IDLHJRpv08hCc2ZXnoXVSc85qzu1ptX5VxFGCfTiEY3DgHOpwAw1oAoEHeIIXeLUerWfrzXqfti5Yxcwe/JH18Q16mJoX</latexit>

@f

@u
=

<latexit sha1_base64="lPvU6J5wDxII7cdTavVstvGl650="></latexit>

@M

@x
=

@M

@ẋ
=

@M

@✓̇
= 0

<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="H30jRSpl0A7yjQ7tI07iAoJ1G4g=">AAACH3icbVDLSsNAFL3xWesr6tLNYBHcWBKR6rIoiBuhgn1AE8tkOmmHTh7MTIQS8idu/BU3LhQRd/0bJ21FbT0wcDjn3jv3Hi/mTCrLGhkLi0vLK6uFteL6xubWtrmz25BRIgitk4hHouVhSTkLaV0xxWkrFhQHHqdNb3CZ+80HKiSLwjs1jKkb4F7IfEaw0lLHrDgBVn3PT2+y+/TYzhxfYJI6MRaKYY6+3ass+xGTDHXMklW2xkDzxJ6SEkxR65ifTjciSUBDRTiWsm1bsXLTfCLhNCs6iaQxJgPco21NQxxQ6abj+zJ0qJUu8iOhX6jQWP3dkeJAymHg6cp8Xznr5eJ/XjtR/rmbsjBOFA3J5CM/4UhFKA8LdZmgRPGhJpgIpndFpI91QkpHWtQh2LMnz5PGSdmulO3b01L1YhpHAfbhAI7AhjOowjXUoA4EHuEZXuHNeDJejHfjY1K6YEx79uAPjNEXmiWj7w==</latexit>

M�1 @F

@u


