
Winter 2022 - Dan Calderone

Mechanical Systems & RLC Circuits
Dynamical Systems
Major sources:

Major references:



RLC Circuits

RL Circuits

RC Circuits Capacitor state: 

 (proportional)

Inductor state: 

FIRST ORDER SYSTEMS Dynamics
(1st order 
derivatives)

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

Vin

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

R1
<latexit sha1_base64="/9/jGZ0vlRZWqdyEx+VyF790KTY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOxF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7G9ZnffuLaiFg94iThfkSHSoSCUbTSQ73v9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MbPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqndV9e4vK7XbPI4inMApnIMH11CDO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gC8241x</latexit>

C1

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

+

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

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

Vin

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

R1

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

+

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

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

L1

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

Vin

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

R1

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

L1

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

C1+

-

charge or 
voltage

current
<latexit sha1_base64="/KVXQGq+J3i25eMJkIR87zOyy+A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi4KHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoNUHA4/3ZpiZFySCa+O6X05haXllda24XtrY3NreKe/uNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupr6rUdUmsfywYwT9CM6kDzkjBor3d/0bnvlilt1ZyB/iZeTCuSo98qf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IkVX6JIyVLWnITP05kdFI63EU2M6ImqFe9Kbif14nNeGFn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48l/SPKl6Z1Xv7rRSu8zjKMIBHMIxeHAONbiGOjSAwQCe4AVeHeE8O2/O+7y14OQz+/ALzsc37uuNkg==</latexit>

IL

<latexit sha1_base64="QZX/Qbn9XRf7Aa2eBKr9qO5JNwI=">AAAB8XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQzMVjC/YD2xA22027dLMJuxuhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq3S2vrG5lZ5u7Kzu7d/YB8etVWSSUJbJOGJ7IZYUc4EbWmmOe2mkuI45LQTjr2Z33miUrFEPOhJSv0YDwWLGMHaSI/twEO3yGsGXmBXnZozB1olbkGqUKAR2F/9QUKymApNOFaq5zqp9nMsNSOcTiv9TNEUkzEe0p6hAsdU+fn84ik6M8oARYk0JTSaq78nchwrNYlD0xljPVLL3kz8z+tlOrrxcybSTFNBFouijCOdoNn7aMAkJZpPDMFEMnMrIiMsMdEmpIoJwV1+eZW0L2ruVc1tXlbrd0UcZTiBUzgHF66hDvfQgBYQEPAMr/BmKevFerc+Fq0lq5g5hj+wPn8AliKPjw==</latexit>

VC = CQC

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

IL1

<latexit sha1_base64="e2Lu9x7Q+JTmp6EC0sKfMWriGSA=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2ARXJUZKepGKHbjsgX7gHYYMmmmDc1khiQjlKHgr7hxoYhbv8Odf2PazkJbD4ScnHMv9+YECWdKO863VVhb39jcKm6Xdnb39g/sw6O2ilNJaIvEPJbdACvKmaAtzTSn3URSHAWcdoJxfeZ3HqlULBYPepJQL8JDwUJGsDaSb5+0/azuu1N0i8yFmouXb5edijMHWiVuTsqQo+HbX/1BTNKICk04VqrnOon2Miw1I5xOS/1U0QSTMR7SnqECR1R52Xz9KTo3ygCFsTRHaDRXf3dkOFJqEgWmMsJ6pJa9mfif10t1eONlTCSppoIsBoUpRzpGsyzQgElKNJ8YgolkZldERlhiok1iJROCu/zlVdK+rLhXFbdZLdfu8jiKcApncAEuXEMN7qEBLSCQwTO8wpv1ZL1Y79bHorRg5T3H8AfW5w+JHJPu</latexit>

VC1 = C1QC1

Mechanical Analogs
Diagrams

<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
Compression 

spring

(no mass, 

stores energy)


Flywheel with

angular momentum 
(no position, only

angular velocity)<latexit sha1_base64="eA6cC+Yke2w6+xndKmHxhmczT1M=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWw2k3btZhN2N0Ip/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hobua3n1BpnsgHM07Rj+lA8ogzaqzUCPvlilt15yCrxMtJBXLU++WvXpiwLEZpmKBadz03Nf6EKsOZwGmpl2lMKRvRAXYtlTRG7U/mh07JmVVCEiXKljRkrv6emNBY63Ec2M6YmqFe9mbif143M9GNP+EyzQxKtlgUZYKYhMy+JiFXyIwYW0KZ4vZWwoZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyeGM7g==</latexit>

d

<latexit sha1_base64="qoN/HomgSyXMF0R0PT0Dvn9maSc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSH2k6qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bH7rjJxZZUjCWNtSSObq74mMRsZMo8B2RhTHZtnLxf+8XorhjZ8JlaTIFVssClNJMCb542QoNGcop5ZQpoW9lbAx1ZShjadiQ/CWX14l7Yu6d1X3Hi5rjdsijjKcwCmcgwfX0IB7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ASMljk4=</latexit>⌧
<latexit sha1_base64="gOhfs16H5HsTlNvhUl/QEHoLivY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Rj04jGCeUCyhNlJbzJmHsvMrBBC/sGLB0W8+j/e/BsnyR40saChqOqmuytOOTM2CL69ldW19Y3NwlZxe2d3b790cNgwKtMU61RxpVsxMciZxLpllmMr1UhEzLEZD2+nfvMJtWFKPthRipEgfckSRol1UqOjBPZJt1QOKsEM/jIJc1KGHLVu6avTUzQTKC3lxJh2GKQ2GhNtGeU4KXYygymhQ9LHtqOSCDTReHbtxD91Ss9PlHYlrT9Tf0+MiTBmJGLXKYgdmEVvKv7ntTObXEdjJtPMoqTzRUnGfav86et+j2mklo8cIVQzd6tPB0QTal1ARRdCuPjyMmmcV8LLSnh/Ua7e5HEU4BhO4AxCuIIq3EEN6kDhEZ7hFd485b14797HvHXFy2eO4A+8zx+SKY8h</latexit>!

<latexit sha1_base64="4Bp2+naqW738MDZd1kYQPiSiRro=">AAACHXicbVDLSgMxFM3UV62vqks3wSIIYpmRom6EYjcuW7EP6Awlk2ba0MyD5I5YhvkRN/6KGxeKuHAj/o1pOwttPRA499x7uTnHjQRXYJrfRm5peWV1Lb9e2Njc2t4p7u61VBhLypo0FKHsuEQxwQPWBA6CdSLJiO8K1nZHtUm/fc+k4mFwB+OIOT4ZBNzjlICWesWK3Q8haaT4Cp/a4ElCk1qa3KYNfIKz2prUrV5iA3uAhAdp2iuWzLI5BV4kVkZKKEO9V/zUZ2jsswCoIEp1LTMCJyESOBUsLdixYhGhIzJgXU0D4jPlJFN3KT7SSh97odQvADxVf28kxFdq7Lt60icwVPO9ifhfrxuDd+loQ1EMLKCzQ14sMIR4EhXuc8koiLEmhEqu/4rpkOhIQAda0CFY85YXSeusbJ2XrUalVL3O4sijA3SIjpGFLlAV3aA6aiKKHtEzekVvxpPxYrwbH7PRnJHt7KM/ML5+AOGdong=</latexit>

Q̇ = �C
RQ+ 1

RVin

<latexit sha1_base64="QzqvnwXjzClBRVhU1KMRqS0QnzY=">AAACHXicbVDLSgMxFM34rPVVdekmWARBLDNS1I1QdGPBRRX7gM5QMmmmDc08SO6IZZgfceOvuHGhiAs34t+YtrPQ1gOBc8+9l5tz3EhwBab5bczNLywuLedW8qtr6xubha3thgpjSVmdhiKULZcoJnjA6sBBsFYkGfFdwZru4HLUb94zqXgY3MEwYo5PegH3OCWgpU6hbHdDSKopPsdHNniS0OQ2Ta7TKj7EWW2N6kYnsYE9QMKDNO0UimbJHAPPEisjRZSh1il86jM09lkAVBCl2pYZgZMQCZwKlubtWLGI0AHpsbamAfGZcpKxuxTva6WLvVDqFwAeq783EuIrNfRdPekT6Kvp3kj8r9eOwTtztKEoBhbQySEvFhhCPIoKd7lkFMRQE0Il13/FtE90JKADzesQrGnLs6RxXLJOStZNuVi5yOLIoV20hw6QhU5RBV2hGqojih7RM3pFb8aT8WK8Gx+T0Tkj29lBf2B8/QDMgKJr</latexit>

İ = �R
L I +

1
LVin

sum of voltage 
around a loop = 0

sum of currents 
into a node = 0

RLC Circuits
… one state per object with dynamics

Inductor state:  current

Capacitor state:  charge or voltage …analogous 
to position 

…analogous 
to velocity

 (proportional)

States:

SECOND ORDER SYSTEMS (2nd order 
derivatives)

KVL:

KCL

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

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

LİL = VL

Elements:
<latexit sha1_base64="QZX/Qbn9XRf7Aa2eBKr9qO5JNwI=">AAAB8XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQzMVjC/YD2xA22027dLMJuxuhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq3S2vrG5lZ5u7Kzu7d/YB8etVWSSUJbJOGJ7IZYUc4EbWmmOe2mkuI45LQTjr2Z33miUrFEPOhJSv0YDwWLGMHaSI/twEO3yGsGXmBXnZozB1olbkGqUKAR2F/9QUKymApNOFaq5zqp9nMsNSOcTiv9TNEUkzEe0p6hAsdU+fn84ik6M8oARYk0JTSaq78nchwrNYlD0xljPVLL3kz8z+tlOrrxcybSTFNBFouijCOdoNn7aMAkJZpPDMFEMnMrIiMsMdEmpIoJwV1+eZW0L2ruVc1tXlbrd0UcZTiBUzgHF66hDvfQgBYQEPAMr/BmKevFerc+Fq0lq5g5hj+wPn8AliKPjw==</latexit>

VC = CQC

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

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

VL = LİL

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

<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="e1rTLnyPwpsjLI5ySD3J5hnhbzQ=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgQsqMiLosunFZwT6gHUomzbShmcyQ3BHL0M9w40IRt36NO//GtJ2Fth4IHM65h9x7gkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup36rUeujYjVA44T7kd0oEQoGEUrdc5Itx9j9jTpeb1yxa26M5Bl4uWkAjnqvfKXzbI04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2YrT8iJVfokjLV9CslM/Z3IaGTMOArsZERxaBa9qfif10kxvPYzoZIUuWLzj8JUEozJ9H7SF5ozlGNLKNPC7krYkGrK0LZUsiV4iycvk+Z51busevcXldpNXkcRjuAYTsGDK6jBHdShAQxieIZXeHPQeXHenY/5aMHJM4fwB87nD6w3kN0=</latexit>

, ẋ1



sum of voltage 
around a loop = 0

sum of currents 
into a node = 0

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

Vin

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

R1

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

L1

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

C1+

-

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

L2

States: 

Current thru inductor 1

Current thru inductor 2

Charge on capacitor 1

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

IL2

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

IL1

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

QC1

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

IR1

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

IC1

KVL/KCL Equations:

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

VC1

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

VL2

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

VR1

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

VL1

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

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

VinKVL:

KCL:

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

VR1

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

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

IL1
<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

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

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

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

IL2

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

C1

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

VC1

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

VL2

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

VR1
<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>= <latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>= <latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

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

VL1

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>= <latexit sha1_base64="wt1BL/QBIeAhMplX0UIqxESMHtI=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbyma7bZduNnF3Uiwhv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLYikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJko043UWyUi3Amq4FIrXUaDkrVhzGgaSN4PR7dRvjrk2IlIPOIm5H9KBEn3BKFrJb3TTDvInTIXKsm6p7FbcGcgy8XJShhy1bumr04tYEnKFTFJj2p4bo59SjYJJnhU7ieExZSM64G1LFQ258dPZ0Rk5tUqP9CNtSyGZqb8nUhoaMwkD2xlSHJpFbyr+57UT7F/79qE4Qa7YfFE/kQQjMk2A9ITmDOXEEsq0sLcSNqSaMrQ5FW0I3uLLy6RxXvEuK979Rbl6k8dRgGM4gTPw4AqqcAc1qAODR3iGV3hzxs6L8+58zFtXnHzmCP7A+fwBkC2Snw==</latexit>

Vin

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

QC1

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

C1
<latexit sha1_base64="cQKE2deI+EArpWLpyjisGP4lUug=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOxF48t2A9oQ9hst+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1LDpVC8hQIl7yaa0yiUvBNO6nO/88S1EbF6xGnC/YiOlBgKRtFKnWaQ1QNvFpQrbtVdgKwTLycVyNEIyl/9QczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOyMXVhmQYaxtKSQL9fdERiNjplFoOyOKY7PqzcX/vF6Kwzs/EypJkSu2XDRMJcGYzH8nA6E5Qzm1hDIt7K2EjammDG1CJRuCt/ryOmlfVb2bqte8rtTu8ziKcAbncAke3EINHqABLWAwgWd4hTcncV6cd+dj2Vpw8plT+APn8wfZ1I9B</latexit>

QC1

<latexit sha1_base64="KTcTtUnmZcm/a2cj2dg6AHoG/wY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUP++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSvKh4VxWvflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPdoWMtw==</latexit>�
<latexit sha1_base64="VsGL7b1yiE5+1O7tQ/K2/OKcqEI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi96q2A9oQ9hsp+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVKNgktsGG4EthOFNAoFtsLRzdRvPaHSPJaPZpygH9GB5H3OqLFS6y7IHgJvEpQrbtWdgSwTLycVyFEPyl/dXszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2bnTsiJVXqkHytb0pCZ+nsio5HW4yi0nRE1Q73oTcX/vE5q+ld+xmWSGpRsvqifCmJiMv2d9LhCZsTYEsoUt7cSNqSKMmMTKtkQvMWXl0nzrOpdVL3780rtOo+jCEdwDKfgwSXU4Bbq0AAGI3iGV3hzEufFeXc+5q0FJ585hD9wPn8A5G2PSA==</latexit>

IR1

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=
<latexit sha1_base64="cBMDLQcOAFuE47PJjxqtcyBFqfc=">AAACAXicbVDLSgMxFL1TX7W+Rt0IboJFcFVmRNRlsRuXrdgHtGXIpJk2NJMZkoxQhrrxV9y4UMStf+HOvzGdzkJbDyScnHMvN/f4MWdKO863VVhZXVvfKG6WtrZ3dvfs/YOWihJJaJNEPJIdHyvKmaBNzTSnnVhSHPqctv1xbea3H6hULBL3ehLTfoiHggWMYG0kzz7q6UBiktY8d5remQs1vOzh2WWn4mRAy8TNSRly1D37qzeISBJSoQnHSnVdJ9b9FEvNCKfTUi9RNMZkjIe0a6jAIVX9NNtgik6NMkBBJM0RGmXq744Uh0pNQt9UhliP1KI3E//zuokOrvspE3GiqSDzQUHCkY7QLA40YJISzSeGYCKZ+SsiI2wS0Sa0kgnBXVx5mbTOK+5lxW1clKs3eRxFOIYTOAMXrqAKt1CHJhB4hGd4hTfryXqx3q2PeWnBynsO4Q+szx+KxpZN</latexit>

C1
R1

QC1

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

IC1

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

IL1

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

IL2

<latexit sha1_base64="KTcTtUnmZcm/a2cj2dg6AHoG/wY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUP++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSvKh4VxWvflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPdoWMtw==</latexit>�
<latexit sha1_base64="cBMDLQcOAFuE47PJjxqtcyBFqfc=">AAACAXicbVDLSgMxFL1TX7W+Rt0IboJFcFVmRNRlsRuXrdgHtGXIpJk2NJMZkoxQhrrxV9y4UMStf+HOvzGdzkJbDyScnHMvN/f4MWdKO863VVhZXVvfKG6WtrZ3dvfs/YOWihJJaJNEPJIdHyvKmaBNzTSnnVhSHPqctv1xbea3H6hULBL3ehLTfoiHggWMYG0kzz7q6UBiktY8d5remQs1vOzh2WWn4mRAy8TNSRly1D37qzeISBJSoQnHSnVdJ9b9FEvNCKfTUi9RNMZkjIe0a6jAIVX9NNtgik6NMkBBJM0RGmXq744Uh0pNQt9UhliP1KI3E//zuokOrvspE3GiqSDzQUHCkY7QLA40YJISzSeGYCKZ+SsiI2wS0Sa0kgnBXVx5mbTOK+5lxW1clKs3eRxFOIYTOAMXrqAKt1CHJhB4hGd4hTfryXqx3q2PeWnBynsO4Q+szx+KxpZN</latexit>

C1
R1

QC1
<latexit sha1_base64="KTcTtUnmZcm/a2cj2dg6AHoG/wY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUP++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSvKh4VxWvflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPdoWMtw==</latexit>�

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

Q̇C1

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=
<latexit sha1_base64="TnEE2WWASsZNnk8i828ynVZmN6w=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOxF71VsB/QhrDZTtulm03Y3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6QaBZfYNNwI7CQKaRQKbIfj+sxvP6HSPJaPZpKgH9Gh5APOqLFS+z7I6oE3DcoVt+rOQVaJl5MK5GgE5a9eP2ZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/Nzp+TMKn0yiJUtachc/T2R0UjrSRTazoiakV72ZuJ/Xjc1gxs/4zJJDUq2WDRIBTExmf1O+lwhM2JiCWWK21sJG1FFmbEJlWwI3vLLq6R1UfWuqt7DZaV2m8dRhBM4hXPw4BpqcAcNaAKDMTzDK7w5ifPivDsfi9aCk88cwx84nz/NhI85</latexit>

IC1

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

IL1

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

IL2

<latexit sha1_base64="KTcTtUnmZcm/a2cj2dg6AHoG/wY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUP++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSvKh4VxWvflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPdoWMtw==</latexit>�
<latexit sha1_base64="cBMDLQcOAFuE47PJjxqtcyBFqfc=">AAACAXicbVDLSgMxFL1TX7W+Rt0IboJFcFVmRNRlsRuXrdgHtGXIpJk2NJMZkoxQhrrxV9y4UMStf+HOvzGdzkJbDyScnHMvN/f4MWdKO863VVhZXVvfKG6WtrZ3dvfs/YOWihJJaJNEPJIdHyvKmaBNzTSnnVhSHPqctv1xbea3H6hULBL3ehLTfoiHggWMYG0kzz7q6UBiktY8d5remQs1vOzh2WWn4mRAy8TNSRly1D37qzeISBJSoQnHSnVdJ9b9FEvNCKfTUi9RNMZkjIe0a6jAIVX9NNtgik6NMkBBJM0RGmXq744Uh0pNQt9UhliP1KI3E//zuokOrvspE3GiqSDzQUHCkY7QLA40YJISzSeGYCKZ+SsiI2wS0Sa0kgnBXVx5mbTOK+5lxW1clKs3eRxFOIYTOAMXrqAKt1CHJhB4hGd4hTfryXqx3q2PeWnBynsO4Q+szx+KxpZN</latexit>

C1
R1

QC1
<latexit sha1_base64="KTcTtUnmZcm/a2cj2dg6AHoG/wY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUP++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSvKh4VxWvflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPdoWMtw==</latexit>�<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>=

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

L1İL1 =
<latexit sha1_base64="5LABX/1GO417TG/Y+cl68Ipr+S4=">AAAB/HicbZDLSgMxFIbP1Futt9Eu3QSL4KrMFFE3QtGNgosK9gLtMGTSTBuayQxJRihDfRU3LhRx64O4821M21lo64HAx/+fk5z8QcKZ0o7zbRVWVtfWN4qbpa3tnd09e/+gpeJUEtokMY9lJ8CKciZoUzPNaSeRFEcBp+1gdD31249UKhaLBz1OqBfhgWAhI1gbybfLd34N9fqxRrd+ZniCLpFvV5yqMyu0DG4OFcir4dtf5gaSRlRowrFSXddJtJdhqRnhdFLqpYommIzwgHYNChxR5WWz5Sfo2Ch9FMbSHKHRTP09keFIqXEUmM4I66Fa9Kbif1431eGFlzGRpJoKMn8oTDnSMZomgfpMUqL52AAmkpldERliiYk2eZVMCO7il5ehVau6Z1X3/rRSv8rjKMIhHMEJuHAOdbiBBjSBwBie4RXerCfrxXq3PuatBSufKcOfsj5/ACfQkyk=</latexit>

L2İL2 =

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

VL1

<latexit sha1_base64="feYJlqRAt9N6RJRnwkNptAVwjek=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIehGKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1nx6hfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AI7FjMc=</latexit>= <latexit sha1_base64="wt1BL/QBIeAhMplX0UIqxESMHtI=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68VjBfkAbyma7bZduNnF3Uiwhv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLYikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJko043UWyUi3Amq4FIrXUaDkrVhzGgaSN4PR7dRvjrk2IlIPOIm5H9KBEn3BKFrJb3TTDvInTIXKsm6p7FbcGcgy8XJShhy1bumr04tYEnKFTFJj2p4bo59SjYJJnhU7ieExZSM64G1LFQ258dPZ0Rk5tUqP9CNtSyGZqb8nUhoaMwkD2xlSHJpFbyr+57UT7F/79qE4Qa7YfFE/kQQjMk2A9ITmDOXEEsq0sLcSNqSaMrQ5FW0I3uLLy6RxXvEuK979Rbl6k8dRgGM4gTPw4AqqcAc1qAODR3iGV3hzxs6L8+58zFtXnHzmCP7A+fwBkC2Snw==</latexit>

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

C1
<latexit sha1_base64="cQKE2deI+EArpWLpyjisGP4lUug=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOxF48t2A9oQ9hst+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1LDpVC8hQIl7yaa0yiUvBNO6nO/88S1EbF6xGnC/YiOlBgKRtFKnWaQ1QNvFpQrbtVdgKwTLycVyNEIyl/9QczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOyMXVhmQYaxtKSQL9fdERiNjplFoOyOKY7PqzcX/vF6Kwzs/EypJkSu2XDRMJcGYzH8nA6E5Qzm1hDIt7K2EjammDG1CJRuCt/ryOmlfVb2bqte8rtTu8ziKcAbncAke3EINHqABLWAwgWd4hTcncV6cd+dj2Vpw8plT+APn8wfZ1I9B</latexit>

QC1

<latexit sha1_base64="KTcTtUnmZcm/a2cj2dg6AHoG/wY=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobuq3nlBpHssHM07Qj+hA8pAzaqxUP++Vym7FnYEsEy8nZchR65W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NDp2QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIbP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbIo2BG/x5WXSvKh4VxWvflmu3uZxFOAYTuAMPLiGKtxDDRrAAOEZXuHNeXRenHfnY9664uQzR/AHzucPdoWMtw==</latexit>�
<latexit sha1_base64="/9/jGZ0vlRZWqdyEx+VyF790KTY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOxF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7G9ZnffuLaiFg94iThfkSHSoSCUbTSQ73v9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MbPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqndV9e4vK7XbPI4inMApnIMH11CDO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gC8241x</latexit>

C1
<latexit sha1_base64="E73c3xfcPsNUeX+nOpsA4nSBkhA=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe6CqGXQxsIigvmA5Dj2Nptkyd7esTsnhCM/wsZCEVt/j53/xk1yhSY+GHi8N8PMvDCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNSw6VQvIkCJe8kmtMolLwdjm9nfvuJayNi9YiThPsRHSoxEIyildqtILsPatOgXHGr7hxklXg5qUCORlD+6vVjlkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NwpObNKnwxibUshmau/JzIaGTOJQtsZURyZZW8m/ud1Uxxc+5lQSYpcscWiQSoJxmT2O+kLzRnKiSWUaWFvJWxENWVoEyrZELzll1dJq1b1Lqvew0WlfpPHUYQTOIVz8OAK6nAHDWgCgzE8wyu8OYnz4rw7H4vWgpPPHMMfOJ8/8MqPUA==</latexit>

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

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

QC1

RLC Circuits

RL Circuits

RC Circuits Capacitor state: 

 (proportional)

Inductor state: 

FIRST ORDER SYSTEMS Dynamics


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

Vin

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

R1
<latexit sha1_base64="/9/jGZ0vlRZWqdyEx+VyF790KTY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GOxF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7G9ZnffuLaiFg94iThfkSHSoSCUbTSQ73v9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MbPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqndV9e4vK7XbPI4inMApnIMH11CDO2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gC8241x</latexit>

C1

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

+

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

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

Vin

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

R1

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

+

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

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

L1

charge or 
voltage

current
<latexit sha1_base64="/KVXQGq+J3i25eMJkIR87zOyy+A=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi4KHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoNUHA4/3ZpiZFySCa+O6X05haXllda24XtrY3NreKe/uNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupr6rUdUmsfywYwT9CM6kDzkjBor3d/0bnvlilt1ZyB/iZeTCuSo98qf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IkVX6JIyVLWnITP05kdFI63EU2M6ImqFe9Kbif14nNeGFn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48l/SPKl6Z1Xv7rRSu8zjKMIBHMIxeHAONbiGOjSAwQCe4AVeHeE8O2/O+7y14OQz+/ALzsc37uuNkg==</latexit>

IL

<latexit sha1_base64="QZX/Qbn9XRf7Aa2eBKr9qO5JNwI=">AAAB8XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQzMVjC/YD2xA22027dLMJuxuhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq3S2vrG5lZ5u7Kzu7d/YB8etVWSSUJbJOGJ7IZYUc4EbWmmOe2mkuI45LQTjr2Z33miUrFEPOhJSv0YDwWLGMHaSI/twEO3yGsGXmBXnZozB1olbkGqUKAR2F/9QUKymApNOFaq5zqp9nMsNSOcTiv9TNEUkzEe0p6hAsdU+fn84ik6M8oARYk0JTSaq78nchwrNYlD0xljPVLL3kz8z+tlOrrxcybSTFNBFouijCOdoNn7aMAkJZpPDMFEMnMrIiMsMdEmpIoJwV1+eZW0L2ruVc1tXlbrd0UcZTiBUzgHF66hDvfQgBYQEPAMr/BmKevFerc+Fq0lq5g5hj+wPn8AliKPjw==</latexit>

VC = CQC

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

IL1

<latexit sha1_base64="e2Lu9x7Q+JTmp6EC0sKfMWriGSA=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2ARXJUZKepGKHbjsgX7gHYYMmmmDc1khiQjlKHgr7hxoYhbv8Odf2PazkJbD4ScnHMv9+YECWdKO863VVhb39jcKm6Xdnb39g/sw6O2ilNJaIvEPJbdACvKmaAtzTSn3URSHAWcdoJxfeZ3HqlULBYPepJQL8JDwUJGsDaSb5+0/azuu1N0i8yFmouXb5edijMHWiVuTsqQo+HbX/1BTNKICk04VqrnOon2Miw1I5xOS/1U0QSTMR7SnqECR1R52Xz9KTo3ygCFsTRHaDRXf3dkOFJqEgWmMsJ6pJa9mfif10t1eONlTCSppoIsBoUpRzpGsyzQgElKNJ8YgolkZldERlhiok1iJROCu/zlVdK+rLhXFbdZLdfu8jiKcApncAEuXEMN7qEBLSCQwTO8wpv1ZL1Y79bHorRg5T3H8AfW5w+JHJPu</latexit>

VC1 = C1QC1

Mechanical Analogs
Diagrams

<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
Compression 

spring

(no mass, 

stores energy)


Flywheel with

angular momentum 
(no position, only

angular velocity)<latexit sha1_base64="eA6cC+Yke2w6+xndKmHxhmczT1M=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWw2k3btZhN2N0Ip/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAqujet+O4W19Y3NreJ2aWd3b/+gfHjU0kmmGDZZIhLVCahGwSU2DTcCO6lCGgcC28Hobua3n1BpnsgHM07Rj+lA8ogzaqzUCPvlilt15yCrxMtJBXLU++WvXpiwLEZpmKBadz03Nf6EKsOZwGmpl2lMKRvRAXYtlTRG7U/mh07JmVVCEiXKljRkrv6emNBY63Ec2M6YmqFe9mbif143M9GNP+EyzQxKtlgUZYKYhMy+JiFXyIwYW0KZ4vZWwoZUUWZsNiUbgrf88ippXVS9q6rXuKzUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDyeGM7g==</latexit>

d

<latexit sha1_base64="qoN/HomgSyXMF0R0PT0Dvn9maSc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSH2k6qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bH7rjJxZZUjCWNtSSObq74mMRsZMo8B2RhTHZtnLxf+8XorhjZ8JlaTIFVssClNJMCb542QoNGcop5ZQpoW9lbAx1ZShjadiQ/CWX14l7Yu6d1X3Hi5rjdsijjKcwCmcgwfX0IB7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ASMljk4=</latexit>⌧
<latexit sha1_base64="gOhfs16H5HsTlNvhUl/QEHoLivY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Rj04jGCeUCyhNlJbzJmHsvMrBBC/sGLB0W8+j/e/BsnyR40saChqOqmuytOOTM2CL69ldW19Y3NwlZxe2d3b790cNgwKtMU61RxpVsxMciZxLpllmMr1UhEzLEZD2+nfvMJtWFKPthRipEgfckSRol1UqOjBPZJt1QOKsEM/jIJc1KGHLVu6avTUzQTKC3lxJh2GKQ2GhNtGeU4KXYygymhQ9LHtqOSCDTReHbtxD91Ss9PlHYlrT9Tf0+MiTBmJGLXKYgdmEVvKv7ntTObXEdjJtPMoqTzRUnGfav86et+j2mklo8cIVQzd6tPB0QTal1ARRdCuPjyMmmcV8LLSnh/Ua7e5HEU4BhO4AxCuIIq3EEN6kDhEZ7hFd485b14797HvHXFy2eO4A+8zx+SKY8h</latexit>!

<latexit sha1_base64="4Bp2+naqW738MDZd1kYQPiSiRro=">AAACHXicbVDLSgMxFM3UV62vqks3wSIIYpmRom6EYjcuW7EP6Awlk2ba0MyD5I5YhvkRN/6KGxeKuHAj/o1pOwttPRA499x7uTnHjQRXYJrfRm5peWV1Lb9e2Njc2t4p7u61VBhLypo0FKHsuEQxwQPWBA6CdSLJiO8K1nZHtUm/fc+k4mFwB+OIOT4ZBNzjlICWesWK3Q8haaT4Cp/a4ElCk1qa3KYNfIKz2prUrV5iA3uAhAdp2iuWzLI5BV4kVkZKKEO9V/zUZ2jsswCoIEp1LTMCJyESOBUsLdixYhGhIzJgXU0D4jPlJFN3KT7SSh97odQvADxVf28kxFdq7Lt60icwVPO9ifhfrxuDd+loQ1EMLKCzQ14sMIR4EhXuc8koiLEmhEqu/4rpkOhIQAda0CFY85YXSeusbJ2XrUalVL3O4sijA3SIjpGFLlAV3aA6aiKKHtEzekVvxpPxYrwbH7PRnJHt7KM/ML5+AOGdong=</latexit>

Q̇ = �C
RQ+ 1

RVin

<latexit sha1_base64="QzqvnwXjzClBRVhU1KMRqS0QnzY=">AAACHXicbVDLSgMxFM34rPVVdekmWARBLDNS1I1QdGPBRRX7gM5QMmmmDc08SO6IZZgfceOvuHGhiAs34t+YtrPQ1gOBc8+9l5tz3EhwBab5bczNLywuLedW8qtr6xubha3thgpjSVmdhiKULZcoJnjA6sBBsFYkGfFdwZru4HLUb94zqXgY3MEwYo5PegH3OCWgpU6hbHdDSKopPsdHNniS0OQ2Ta7TKj7EWW2N6kYnsYE9QMKDNO0UimbJHAPPEisjRZSh1il86jM09lkAVBCl2pYZgZMQCZwKlubtWLGI0AHpsbamAfGZcpKxuxTva6WLvVDqFwAeq783EuIrNfRdPekT6Kvp3kj8r9eOwTtztKEoBhbQySEvFhhCPIoKd7lkFMRQE0Il13/FtE90JKADzesQrGnLs6RxXLJOStZNuVi5yOLIoV20hw6QhU5RBV2hGqojih7RM3pFb8aT8WK8Gx+T0Tkj29lBf2B8/QDMgKJr</latexit>

İ = �R
L I +

1
LVin

RLC Circuits
… one state per object with dynamics

Inductor state:  current

Capacitor state:  charge or voltage …analogous 
to position 

…analogous 
to velocity

 (proportional)

States:

SECOND ORDER SYSTEMS (2nd order 
derivatives)

(1st order 
derivatives)

KVL:

KCL

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

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

LİL = VL

Elements:
<latexit sha1_base64="QZX/Qbn9XRf7Aa2eBKr9qO5JNwI=">AAAB8XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1ItQzMVjC/YD2xA22027dLMJuxuhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq3S2vrG5lZ5u7Kzu7d/YB8etVWSSUJbJOGJ7IZYUc4EbWmmOe2mkuI45LQTjr2Z33miUrFEPOhJSv0YDwWLGMHaSI/twEO3yGsGXmBXnZozB1olbkGqUKAR2F/9QUKymApNOFaq5zqp9nMsNSOcTiv9TNEUkzEe0p6hAsdU+fn84ik6M8oARYk0JTSaq78nchwrNYlD0xljPVLL3kz8z+tlOrrxcybSTFNBFouijCOdoNn7aMAkJZpPDMFEMnMrIiMsMdEmpIoJwV1+eZW0L2ruVc1tXlbrd0UcZTiBUzgHF66hDvfQgBYQEPAMr/BmKevFerc+Fq0lq5g5hj+wPn8AliKPjw==</latexit>

VC = CQC

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

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

VL = LİL


