
CENG4480 Homework 1

Due: Oct. 28, 2019

Q1 (10%) Given a circuit as shown in Figure 1, input VI = 1V , the resistorsR1 = R2 = 10kΩ,
the variable resistor Rp = 20kΩ.

1. when the sliding of the variable resistor is connected to A, calculate VO.
2. when the sliding of the variable resistor is connected to B, calculate VO.
3. when the sliding of the variable resistor is connected to C (midpoint), calculate VO.

-

+

VI
<latexit sha1_base64="VtViwNpR57CUoElw+Kbu30+pgQc=">AAAB7nicbZC7SgNBFIbPxluMt6ilzWAiWIXdNFoGbLRLwFwgWcLs5GwyZHZ2mZkVwpKHsLFQxNbH8BnsxJdxcik08YeBj/8/hznnBIng2rjul5Pb2Nza3snvFvb2Dw6PiscnLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z5+wGV5rG8N5ME/YgOJQ85o8Za7XKrn91Ny/1iya24c5F18JZQqm03vj8AoN4vfvYGMUsjlIYJqnXXcxPjZ1QZzgROC71UY0LZmA6xa1HSCLWfzcedkgvrDEgYK/ukIXP3d0dGI60nUWArI2pGejWbmf9l3dSE137GZZIalGzxUZgKYmIy250MuEJmxMQCZYrbWQkbUUWZsRcq2CN4qyuvQ6ta8dyK1/BKtSoslIczOIdL8OAKanALdWgCgzE8wjO8OInz5Lw6b4vSnLPsOYU/ct5/AGqxkR0=</latexit><latexit sha1_base64="UAb4O+5No8ozEaeG9F2fgOhSrGE=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyliWXARrsI5gOSI+xt5pIle3vH7p4QjvwIGwtFbP09dv4bN8kVmvhg4PHeDDPzgkRwbVz32ylsbe/s7hX3SweHR8cn5dOzjo5TxbDNYhGrXkA1Ci6xbbgR2EsU0igQ2A2mtwu/+4RK81g+mlmCfkTHkoecUWOlbrUzzO7n1WG54tbcJcgm8XJSgRytYflrMIpZGqE0TFCt+56bGD+jynAmcF4apBoTyqZ0jH1LJY1Q+9ny3Dm5ssqIhLGyJQ1Zqr8nMhppPYsC2xlRM9Hr3kL8z+unJrzxMy6T1KBkq0VhKoiJyeJ3MuIKmREzSyhT3N5K2IQqyoxNqGRD8NZf3iSdes1za96DV2nW8ziKcAGXcA0eNKAJd9CCNjCYwjO8wpuTOC/Ou/Oxai04+cw5/IHz+QN0xY7r</latexit>

VI
<latexit sha1_base64="VtViwNpR57CUoElw+Kbu30+pgQc=">AAAB7nicbZC7SgNBFIbPxluMt6ilzWAiWIXdNFoGbLRLwFwgWcLs5GwyZHZ2mZkVwpKHsLFQxNbH8BnsxJdxcik08YeBj/8/hznnBIng2rjul5Pb2Nza3snvFvb2Dw6PiscnLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z5+wGV5rG8N5ME/YgOJQ85o8Za7XKrn91Ny/1iya24c5F18JZQqm03vj8AoN4vfvYGMUsjlIYJqnXXcxPjZ1QZzgROC71UY0LZmA6xa1HSCLWfzcedkgvrDEgYK/ukIXP3d0dGI60nUWArI2pGejWbmf9l3dSE137GZZIalGzxUZgKYmIy250MuEJmxMQCZYrbWQkbUUWZsRcq2CN4qyuvQ6ta8dyK1/BKtSoslIczOIdL8OAKanALdWgCgzE8wjO8OInz5Lw6b4vSnLPsOYU/ct5/AGqxkR0=</latexit><latexit sha1_base64="UAb4O+5No8ozEaeG9F2fgOhSrGE=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyliWXARrsI5gOSI+xt5pIle3vH7p4QjvwIGwtFbP09dv4bN8kVmvhg4PHeDDPzgkRwbVz32ylsbe/s7hX3SweHR8cn5dOzjo5TxbDNYhGrXkA1Ci6xbbgR2EsU0igQ2A2mtwu/+4RK81g+mlmCfkTHkoecUWOlbrUzzO7n1WG54tbcJcgm8XJSgRytYflrMIpZGqE0TFCt+56bGD+jynAmcF4apBoTyqZ0jH1LJY1Q+9ny3Dm5ssqIhLGyJQ1Zqr8nMhppPYsC2xlRM9Hr3kL8z+unJrzxMy6T1KBkq0VhKoiJyeJ3MuIKmREzSyhT3N5K2IQqyoxNqGRD8NZf3iSdes1za96DV2nW8ziKcAGXcA0eNKAJd9CCNjCYwjO8wpuTOC/Ou/Oxai04+cw5/IHz+QN0xY7r</latexit>

R1
<latexit sha1_base64="4Cw7yoKfy8zOLcy/vSWKCQ+TsH8=">AAAB7nicbZDLSgMxFIbP1Futt6pLN8FWcFUm3eiy4MZlK/YC7VAyaaYNzSRDkhHK0Idw40IRtz6Gz+BOfBnTy0Jbfwh8/P855JwTJoIb6/tfXm5jc2t7J79b2Ns/ODwqHp+0jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPxzSxvPzBtuJL3dpKwICZDySNOiXVWu3zXz/C03C+W/Io/F1oHvIRSbbvx/QEA9X7xszdQNI2ZtFQQY7rYT2yQEW05FWxa6KWGJYSOyZB1HUoSMxNk83Gn6MI5AxQp7Z60aO7+7shIbMwkDl1lTOzIrGYz87+sm9roOsi4TFLLJF18FKUCWYVmu6MB14xaMXFAqOZuVkRHRBNq3YUK7gh4deV1aFUr2K/gBi7VqrBQHs7gHC4BwxXU4Bbq0AQKY3iEZ3jxEu/Je/XeFqU5b9lzCn/kvf8AP/2RAQ==</latexit><latexit sha1_base64="YuzUg/mdtqKtalGsDs3KmJ2aXyo=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtym0TJgYxnFJEJyhL3NXrJkb+/YnRPCkR9hY6GIrb/Hzn/j5qPQxAcDj/dmmJkXpkpa9P1vr7CxubW9U9wt7e0fHB6Vj0/aNskMFy2eqMQ8hswKJbVooUQlHlMjWBwq0QnHNzO/8ySMlYl+wEkqgpgNtYwkZ+ikTvW+n9NptV+u+DV/DrJO6JJUYIlmv/zVGyQ8i4VGrpi1XeqnGOTMoORKTEu9zIqU8TEbiq6jmsXCBvn83Cm5cMqARIlxpZHM1d8TOYutncSh64wZjuyqNxP/87oZRtdBLnWaodB8sSjKFMGEzH4nA2kERzVxhHEj3a2Ej5hhHF1CJRcCXX15nbTrNerX6B2tNOrLOIpwBudwCRSuoAG30IQWcBjDM7zCm5d6L96797FoLXjLmVP4A+/zB0oRjs8=</latexit>

R1
<latexit sha1_base64="4Cw7yoKfy8zOLcy/vSWKCQ+TsH8=">AAAB7nicbZDLSgMxFIbP1Futt6pLN8FWcFUm3eiy4MZlK/YC7VAyaaYNzSRDkhHK0Idw40IRtz6Gz+BOfBnTy0Jbfwh8/P855JwTJoIb6/tfXm5jc2t7J79b2Ns/ODwqHp+0jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPxzSxvPzBtuJL3dpKwICZDySNOiXVWu3zXz/C03C+W/Io/F1oHvIRSbbvx/QEA9X7xszdQNI2ZtFQQY7rYT2yQEW05FWxa6KWGJYSOyZB1HUoSMxNk83Gn6MI5AxQp7Z60aO7+7shIbMwkDl1lTOzIrGYz87+sm9roOsi4TFLLJF18FKUCWYVmu6MB14xaMXFAqOZuVkRHRBNq3YUK7gh4deV1aFUr2K/gBi7VqrBQHs7gHC4BwxXU4Bbq0AQKY3iEZ3jxEu/Je/XeFqU5b9lzCn/kvf8AP/2RAQ==</latexit><latexit sha1_base64="YuzUg/mdtqKtalGsDs3KmJ2aXyo=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtym0TJgYxnFJEJyhL3NXrJkb+/YnRPCkR9hY6GIrb/Hzn/j5qPQxAcDj/dmmJkXpkpa9P1vr7CxubW9U9wt7e0fHB6Vj0/aNskMFy2eqMQ8hswKJbVooUQlHlMjWBwq0QnHNzO/8ySMlYl+wEkqgpgNtYwkZ+ikTvW+n9NptV+u+DV/DrJO6JJUYIlmv/zVGyQ8i4VGrpi1XeqnGOTMoORKTEu9zIqU8TEbiq6jmsXCBvn83Cm5cMqARIlxpZHM1d8TOYutncSh64wZjuyqNxP/87oZRtdBLnWaodB8sSjKFMGEzH4nA2kERzVxhHEj3a2Ej5hhHF1CJRcCXX15nbTrNerX6B2tNOrLOIpwBudwCRSuoAG30IQWcBjDM7zCm5d6L96797FoLXjLmVP4A+/zB0oRjs8=</latexit>

R2
<latexit sha1_base64="JBdcBovnPqLEXj/BP6auLG91nYI=">AAAB7nicbZC7SgNBFIbPxluMt6ilzWAiWIXdNFoGbCwTMRdIljA7OZsMmZ1dZmaFsOQhbCwUsfUxfAY78WWcXApN/GHg4//PYc45QSK4Nq775eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm1nefkCleSzvzSRBP6JDyUPOqLFWu3zXz6rTcr9YcivuXGQdvCWUatuN7w8AqPeLn71BzNIIpWGCat313MT4GVWGM4HTQi/VmFA2pkPsWpQ0Qu1n83Gn5MI6AxLGyj5pyNz93ZHRSOtJFNjKiJqRXs1m5n9ZNzXhtZ9xmaQGJVt8FKaCmJjMdicDrpAZMbFAmeJ2VsJGVFFm7IUK9gje6srr0KpWPLfiNbxSrQoL5eEMzuESPLiCGtxCHZrAYAyP8AwvTuI8Oa/O26I05yx7TuGPnPcfQYORAg==</latexit><latexit sha1_base64="TSByiewJsh5024y+qfFdKd7wy5M=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLElsLNHIRwIXsrfswYa9vcvunAm58CNsLDTG1t9j579xgSsUfMkkL+/NZGZekEhh0HW/ncLW9s7uXnG/dHB4dHxSPj3rmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mtwu/+8S1EbF6xFnC/YiOlQgFo2ilbvVhmNXn1WG54tbcJcgm8XJSgRytYflrMIpZGnGFTFJj+p6boJ9RjYJJPi8NUsMTyqZ0zPuWKhpx42fLc+fkyiojEsbalkKyVH9PZDQyZhYFtjOiODHr3kL8z+unGN74mVBJilyx1aIwlQRjsvidjITmDOXMEsq0sLcSNqGaMrQJlWwI3vrLm6RTr3luzbv3Ks16HkcRLuASrsGDBjThDlrQBgZTeIZXeHMS58V5dz5WrQUnnzmHP3A+fwBLl47Q</latexit>

R2
<latexit sha1_base64="JBdcBovnPqLEXj/BP6auLG91nYI=">AAAB7nicbZC7SgNBFIbPxluMt6ilzWAiWIXdNFoGbCwTMRdIljA7OZsMmZ1dZmaFsOQhbCwUsfUxfAY78WWcXApN/GHg4//PYc45QSK4Nq775eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm1nefkCleSzvzSRBP6JDyUPOqLFWu3zXz6rTcr9YcivuXGQdvCWUatuN7w8AqPeLn71BzNIIpWGCat313MT4GVWGM4HTQi/VmFA2pkPsWpQ0Qu1n83Gn5MI6AxLGyj5pyNz93ZHRSOtJFNjKiJqRXs1m5n9ZNzXhtZ9xmaQGJVt8FKaCmJjMdicDrpAZMbFAmeJ2VsJGVFFm7IUK9gje6srr0KpWPLfiNbxSrQoL5eEMzuESPLiCGtxCHZrAYAyP8AwvTuI8Oa/O26I05yx7TuGPnPcfQYORAg==</latexit><latexit sha1_base64="TSByiewJsh5024y+qfFdKd7wy5M=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLElsLNHIRwIXsrfswYa9vcvunAm58CNsLDTG1t9j579xgSsUfMkkL+/NZGZekEhh0HW/ncLW9s7uXnG/dHB4dHxSPj3rmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mtwu/+8S1EbF6xFnC/YiOlQgFo2ilbvVhmNXn1WG54tbcJcgm8XJSgRytYflrMIpZGnGFTFJj+p6boJ9RjYJJPi8NUsMTyqZ0zPuWKhpx42fLc+fkyiojEsbalkKyVH9PZDQyZhYFtjOiODHr3kL8z+unGN74mVBJilyx1aIwlQRjsvidjITmDOXMEsq0sLcSNqGaMrQJlWwI3vrLm6RTr3luzbv3Ks16HkcRLuASrsGDBjThDlrQBgZTeIZXeHMS58V5dz5WrQUnnzmHP3A+fwBLl47Q</latexit>

Rp
<latexit sha1_base64="Al9PMtWe3NcsDVpF9mn7UwNQ0N0=">AAAB7nicbZDLSgMxFIbPeK31Vi87N8FWcFVmutFlwY3LKvYC7VAyaaYNTTIhyQhlKPgKblwo4tYX8EXc+SDuTS8Lbf0h8PH/55BzTqQ4M9b3v7yV1bX1jc3cVn57Z3dvv3Bw2DBJqgmtk4QnuhVhQzmTtG6Z5bSlNMUi4rQZDa8mefOeasMSeWdHioYC9yWLGcHWWc3SbTdT41K3UPTL/lRoGYI5FKvH3x8PAFDrFj47vYSkgkpLODamHfjKhhnWlhFOx/lOaqjCZIj7tO1QYkFNmE3HHaMz5/RQnGj3pEVT93dHhoUxIxG5SoHtwCxmE/O/rJ3a+DLMmFSppZLMPopTjmyCJrujHtOUWD5ygIlmblZEBlhjYt2F8u4IweLKy9ColAO/HNwExWoFZsrBCZzCOQRwAVW4hhrUgcAQHuEZXjzlPXmv3tusdMWb9xzBH3nvPwdykYw=</latexit><latexit sha1_base64="mXAaoR7RskCo6wMcIzc9QLkwhwM=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0TJgYxnFJEJyhL3NXrJkb2/ZnRPCkR9hY6GIrb/Hzn/j5qPQxAcDj/dmmJkXaSks+v63V9jY3NreKe6W9vYPDo/Kxydtm2aG8RZLZWoeI2q5FIq3UKDkj9pwmkSSd6LxzczvPHFjRaoecKJ5mNChErFgFJ3Uqd73cz2t9ssVv+bPQdZJsCQVWKLZL3/1BinLEq6QSWptN/A1hjk1KJjk01Ivs1xTNqZD3nVU0YTbMJ+fOyUXThmQODWuFJK5+nsip4m1kyRynQnFkV31ZuJ/XjfD+DrMhdIZcsUWi+JMEkzJ7HcyEIYzlBNHKDPC3UrYiBrK0CVUciEEqy+vk3a9Fvi14C6oNOrLOIpwBudwCQFcQQNuoQktYDCGZ3iFN097L96797FoLXjLmVP4A+/zB6oLjw4=</latexit>

Rp
<latexit sha1_base64="Al9PMtWe3NcsDVpF9mn7UwNQ0N0=">AAAB7nicbZDLSgMxFIbPeK31Vi87N8FWcFVmutFlwY3LKvYC7VAyaaYNTTIhyQhlKPgKblwo4tYX8EXc+SDuTS8Lbf0h8PH/55BzTqQ4M9b3v7yV1bX1jc3cVn57Z3dvv3Bw2DBJqgmtk4QnuhVhQzmTtG6Z5bSlNMUi4rQZDa8mefOeasMSeWdHioYC9yWLGcHWWc3SbTdT41K3UPTL/lRoGYI5FKvH3x8PAFDrFj47vYSkgkpLODamHfjKhhnWlhFOx/lOaqjCZIj7tO1QYkFNmE3HHaMz5/RQnGj3pEVT93dHhoUxIxG5SoHtwCxmE/O/rJ3a+DLMmFSppZLMPopTjmyCJrujHtOUWD5ygIlmblZEBlhjYt2F8u4IweLKy9ColAO/HNwExWoFZsrBCZzCOQRwAVW4hhrUgcAQHuEZXjzlPXmv3tusdMWb9xzBH3nvPwdykYw=</latexit><latexit sha1_base64="mXAaoR7RskCo6wMcIzc9QLkwhwM=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0TJgYxnFJEJyhL3NXrJkb2/ZnRPCkR9hY6GIrb/Hzn/j5qPQxAcDj/dmmJkXaSks+v63V9jY3NreKe6W9vYPDo/Kxydtm2aG8RZLZWoeI2q5FIq3UKDkj9pwmkSSd6LxzczvPHFjRaoecKJ5mNChErFgFJ3Uqd73cz2t9ssVv+bPQdZJsCQVWKLZL3/1BinLEq6QSWptN/A1hjk1KJjk01Ivs1xTNqZD3nVU0YTbMJ+fOyUXThmQODWuFJK5+nsip4m1kyRynQnFkV31ZuJ/XjfD+DrMhdIZcsUWi+JMEkzJ7HcyEIYzlBNHKDPC3UrYiBrK0CVUciEEqy+vk3a9Fvi14C6oNOrLOIpwBudwCQFcQQNuoQktYDCGZ3iFN097L96797FoLXjLmVP4A+/zB6oLjw4=</latexit>

VO
<latexit sha1_base64="FsvzNNhZPoJe0j+4vOs4aJUr/fI=">AAAB7nicbZC7SgNBFIbPxluMt6ilzWAiWIXdNFoGbOxMwFwgWcLs5GwyZHZ2mZkVwpKHsLFQxNbH8BnsxJdxcik08YeBj/8/hznnBIng2rjul5Pb2Nza3snvFvb2Dw6PiscnLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z5+wGV5rG8N5ME/YgOJQ85o8Za7XKrn91Ny/1iya24c5F18JZQqm03vj8AoN4vfvYGMUsjlIYJqnXXcxPjZ1QZzgROC71UY0LZmA6xa1HSCLWfzcedkgvrDEgYK/ukIXP3d0dGI60nUWArI2pGejWbmf9l3dSE137GZZIalGzxUZgKYmIy250MuEJmxMQCZYrbWQkbUUWZsRcq2CN4qyuvQ6ta8dyK1/BKtSoslIczOIdL8OAKanALdWgCgzE8wjO8OInz5Lw6b4vSnLPsOYU/ct5/AHPVkSM=</latexit><latexit sha1_base64="CWk9C2U/fDD+2I8E4GrzZz8kp8w=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyliWXAxs4I5gOSI+xt5pIle3vH7p4QjvwIGwtFbP09dv4bN8kVmvhg4PHeDDPzgkRwbVz32ylsbe/s7hX3SweHR8cn5dOzjo5TxbDNYhGrXkA1Ci6xbbgR2EsU0igQ2A2mtwu/+4RK81g+mlmCfkTHkoecUWOlbrUzzO7n1WG54tbcJcgm8XJSgRytYflrMIpZGqE0TFCt+56bGD+jynAmcF4apBoTyqZ0jH1LJY1Q+9ny3Dm5ssqIhLGyJQ1Zqr8nMhppPYsC2xlRM9Hr3kL8z+unJrzxMy6T1KBkq0VhKoiJyeJ3MuIKmREzSyhT3N5K2IQqyoxNqGRD8NZf3iSdes1za96DV2nW8ziKcAGXcA0eNKAJd9CCNjCYwjO8wpuTOC/Ou/Oxai04+cw5/IHz+QN96Y7x</latexit>

VO
<latexit sha1_base64="FsvzNNhZPoJe0j+4vOs4aJUr/fI=">AAAB7nicbZC7SgNBFIbPxluMt6ilzWAiWIXdNFoGbOxMwFwgWcLs5GwyZHZ2mZkVwpKHsLFQxNbH8BnsxJdxcik08YeBj/8/hznnBIng2rjul5Pb2Nza3snvFvb2Dw6PiscnLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z5+wGV5rG8N5ME/YgOJQ85o8Za7XKrn91Ny/1iya24c5F18JZQqm03vj8AoN4vfvYGMUsjlIYJqnXXcxPjZ1QZzgROC71UY0LZmA6xa1HSCLWfzcedkgvrDEgYK/ukIXP3d0dGI60nUWArI2pGejWbmf9l3dSE137GZZIalGzxUZgKYmIy250MuEJmxMQCZYrbWQkbUUWZsRcq2CN4qyuvQ6ta8dyK1/BKtSoslIczOIdL8OAKanALdWgCgzE8wjO8OInz5Lw6b4vSnLPsOYU/ct5/AHPVkSM=</latexit><latexit sha1_base64="CWk9C2U/fDD+2I8E4GrzZz8kp8w=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyliWXAxs4I5gOSI+xt5pIle3vH7p4QjvwIGwtFbP09dv4bN8kVmvhg4PHeDDPzgkRwbVz32ylsbe/s7hX3SweHR8cn5dOzjo5TxbDNYhGrXkA1Ci6xbbgR2EsU0igQ2A2mtwu/+4RK81g+mlmCfkTHkoecUWOlbrUzzO7n1WG54tbcJcgm8XJSgRytYflrMIpZGqE0TFCt+56bGD+jynAmcF4apBoTyqZ0jH1LJY1Q+9ny3Dm5ssqIhLGyJQ1Zqr8nMhppPYsC2xlRM9Hr3kL8z+unJrzxMy6T1KBkq0VhKoiJyeJ3MuIKmREzSyhT3N5K2IQqyoxNqGRD8NZf3iSdes1za96DV2nW8ziKcAGXcA0eNKAJd9CCNjCYwjO8wpuTOC/Ou/Oxai04+cw5/IHz+QN96Y7x</latexit>

R
<latexit sha1_base64="wCcn3R1N/AZ+YZ3TyEW0TaPNW0A=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboKt4KpMutGNWHDjsl56gXYomTTThmYyQ5IRylDwBdy4UMSt7+B7uPNtTC8Lbf0h8PH/55BzTpAIro3nfTu5ldW19Y38pru1vbO7V9g/aOg4VZTVaSxi1QqIZoJLVjfcCNZKFCNRIFgzGF5N8uYDU5rH8t6MEuZHpC95yCkx1ror3Za6haJX9qZCy4DnULz8dC8eAaDWLXx1ejFNIyYNFUTrNvYS42dEGU4FG7udVLOE0CHps7ZFSSKm/Ww66hidWKeHwljZJw2aur87MhJpPYoCWxkRM9CL2cT8L2unJjz3My6T1DBJZx+FqUAmRpO9UY8rRo0YWSBUcTsrogOiCDX2Oq49Al5ceRkalTL2yvgGF6sVmCkPR3AMp4DhDKpwDTWoA4U+PMELvDrCeXbenPdZac6Z9xzCHzkfP7f8jtw=</latexit><latexit sha1_base64="wqHhIqGSKu7iSMsNDSHrdF21J20=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4Irtc9EjixSM+eCSwIbPDLEyYnd3M9JqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1iNOE+xEdKREKRtFKD9X76qBccWvuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKu1zy35t15lUY9j6MIZ3AOl+DBFTTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP150jR8=</latexit>

R
<latexit sha1_base64="wCcn3R1N/AZ+YZ3TyEW0TaPNW0A=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboKt4KpMutGNWHDjsl56gXYomTTThmYyQ5IRylDwBdy4UMSt7+B7uPNtTC8Lbf0h8PH/55BzTpAIro3nfTu5ldW19Y38pru1vbO7V9g/aOg4VZTVaSxi1QqIZoJLVjfcCNZKFCNRIFgzGF5N8uYDU5rH8t6MEuZHpC95yCkx1ror3Za6haJX9qZCy4DnULz8dC8eAaDWLXx1ejFNIyYNFUTrNvYS42dEGU4FG7udVLOE0CHps7ZFSSKm/Ww66hidWKeHwljZJw2aur87MhJpPYoCWxkRM9CL2cT8L2unJjz3My6T1DBJZx+FqUAmRpO9UY8rRo0YWSBUcTsrogOiCDX2Oq49Al5ceRkalTL2yvgGF6sVmCkPR3AMp4DhDKpwDTWoA4U+PMELvDrCeXbenPdZac6Z9xzCHzkfP7f8jtw=</latexit><latexit sha1_base64="wqHhIqGSKu7iSMsNDSHrdF21J20=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4Irtc9EjixSM+eCSwIbPDLEyYnd3M9JqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbuZ+54lrI2L1iNOE+xEdKREKRtFKD9X76qBccWvuAmSdeDmpQI7moPzVH8YsjbhCJqkxPc9N0M+oRsEkn5X6qeEJZRM64j1LFY248bPFqTNyYZUhCWNtSyFZqL8nMhoZM40C2xlRHJtVby7+5/VSDK/9TKgkRa7YclGYSoIxmf9NhkJzhnJqCWVa2FsJG1NNGdp0SjYEb/XlddKu1zy35t15lUY9j6MIZ3AOl+DBFTTgFprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifP150jR8=</latexit>
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Figure 1: Q1 circuit

A1

VO = −2V (1)

Details are shown in Figure 2.

VO = −2V (2)

Details are shown in Figure 3.

VO = −3V (3)

Details are shown in Figure 4.
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Figure 2: A1-1 solution
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Figure 3: A1-2 solution

3



Figure 4: A1-3 solution
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Q2 (10%) Given a differential circuit as shown in Figure 5, determine the mathematical rela-
tionship among VO, VI1 and VI2.

-
+

-
+

40k⌦
<latexit sha1_base64="Vws/cl4bOQINgojyATHH0tghDV8=">AAAB8nicbZDLSgMxFIbP1Fsdb1WXboKt4KrMFEE3YsGNOyvYC7RDyaSZNjSTDElGKEPBl3DjQhG37n0Pd76N6WWhrT8EPv7/HHLOCRPOtPG8bye3srq2vpHfdLe2d3b3CvsHDS1TRWidSC5VK8SaciZo3TDDaStRFMchp81weD3Jmw9UaSbFvRklNIhxX7CIEWys1S6decPObUz7uNQtFL2yNxVaBn8OxatP9/IRAGrdwlenJ0kaU2EIx1q3fS8xQYaVYYTTsdtJNU0wGeI+bVsUOKY6yKYjj9GJdXookso+YdDU/d2R4VjrURzayhibgV7MJuZ/WTs10UWQMZGkhgoy+yhKOTISTfZHPaYoMXxkARPF7KyIDLDCxNgrufYI/uLKy9ColH2v7N/5xWoFZsrDERzDKfhwDlW4gRrUgYCEJ3iBV8c4z86b8z4rzTnznkP4I+fjBxyqke4=</latexit><latexit sha1_base64="9MepZYLrAZ8r2ceqBQJiJ+EeD3g=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBhPBU9gNgh4DXrwZwTwgWcLspDcZMo9lZlYISz7DiwdFvPo13vwbJ8keNLGgoajqprsrSjgz1ve/vcLG5tb2TnG3tLd/cHhUPj5pG5VqCi2quNLdiBjgTELLMsuhm2ggIuLQiSa3c7/zBNowJR/tNIFQkJFkMaPEOqlXvfIn/XsBI1IdlCt+zV8Ar5MgJxWUozkof/WHiqYCpKWcGNML/MSGGdGWUQ6zUj81kBA6ISPoOSqJABNmi5Nn+MIpQxwr7UpavFB/T2REGDMVkesUxI7NqjcX//N6qY1vwozJJLUg6XJRnHJsFZ7/j4dMA7V86gihmrlbMR0TTah1KZVcCMHqy+ukXa8Ffi14CCqNeh5HEZ2hc3SJAnSNGugONVELUaTQM3pFb571Xrx372PZWvDymVP0B97nD8MTkDE=</latexit>

40k⌦
<latexit sha1_base64="Vws/cl4bOQINgojyATHH0tghDV8=">AAAB8nicbZDLSgMxFIbP1Fsdb1WXboKt4KrMFEE3YsGNOyvYC7RDyaSZNjSTDElGKEPBl3DjQhG37n0Pd76N6WWhrT8EPv7/HHLOCRPOtPG8bye3srq2vpHfdLe2d3b3CvsHDS1TRWidSC5VK8SaciZo3TDDaStRFMchp81weD3Jmw9UaSbFvRklNIhxX7CIEWys1S6decPObUz7uNQtFL2yNxVaBn8OxatP9/IRAGrdwlenJ0kaU2EIx1q3fS8xQYaVYYTTsdtJNU0wGeI+bVsUOKY6yKYjj9GJdXookso+YdDU/d2R4VjrURzayhibgV7MJuZ/WTs10UWQMZGkhgoy+yhKOTISTfZHPaYoMXxkARPF7KyIDLDCxNgrufYI/uLKy9ColH2v7N/5xWoFZsrDERzDKfhwDlW4gRrUgYCEJ3iBV8c4z86b8z4rzTnznkP4I+fjBxyqke4=</latexit><latexit sha1_base64="9MepZYLrAZ8r2ceqBQJiJ+EeD3g=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBhPBU9gNgh4DXrwZwTwgWcLspDcZMo9lZlYISz7DiwdFvPo13vwbJ8keNLGgoajqprsrSjgz1ve/vcLG5tb2TnG3tLd/cHhUPj5pG5VqCi2quNLdiBjgTELLMsuhm2ggIuLQiSa3c7/zBNowJR/tNIFQkJFkMaPEOqlXvfIn/XsBI1IdlCt+zV8Ar5MgJxWUozkof/WHiqYCpKWcGNML/MSGGdGWUQ6zUj81kBA6ISPoOSqJABNmi5Nn+MIpQxwr7UpavFB/T2REGDMVkesUxI7NqjcX//N6qY1vwozJJLUg6XJRnHJsFZ7/j4dMA7V86gihmrlbMR0TTah1KZVcCMHqy+ukXa8Ffi14CCqNeh5HEZ2hc3SJAnSNGugONVELUaTQM3pFb571Xrx372PZWvDymVP0B97nD8MTkDE=</latexit>

10k⌦
<latexit sha1_base64="OQgqQ0aaFJUevUKmAeY8V42BA6s=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFhPBKtyl0TJgY2cEkwiXI+xt9pIl+3HszgnhyM+wsVDE1l9j579xk1yhiQ8GHu/NMDMvTgW34PvfXmljc2t7p7xb2ds/ODyqHp90rc4MZR2qhTaPMbFMcMU6wEGwx9QwImPBevHkZu73npixXKsHmKYskmSkeMIpASeF9cCf9O8kG5H6oFrzG/4CeJ0EBamhAu1B9as/1DSTTAEVxNow8FOIcmKAU8FmlX5mWUrohIxY6KgiktkoX5w8wxdOGeJEG1cK8EL9PZETae1Uxq5TEhjbVW8u/ueFGSTXUc5VmgFTdLkoyQQGjef/4yE3jIKYOkKo4e5WTMfEEAoupYoLIVh9eZ10m43AbwT3zVqrWcRRRmfoHF2iAF2hFrpFbdRBFGn0jF7Rmwfei/fufSxbS14xc4r+wPv8Ab68kC8=</latexit><latexit sha1_base64="OQgqQ0aaFJUevUKmAeY8V42BA6s=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFhPBKtyl0TJgY2cEkwiXI+xt9pIl+3HszgnhyM+wsVDE1l9j579xk1yhiQ8GHu/NMDMvTgW34PvfXmljc2t7p7xb2ds/ODyqHp90rc4MZR2qhTaPMbFMcMU6wEGwx9QwImPBevHkZu73npixXKsHmKYskmSkeMIpASeF9cCf9O8kG5H6oFrzG/4CeJ0EBamhAu1B9as/1DSTTAEVxNow8FOIcmKAU8FmlX5mWUrohIxY6KgiktkoX5w8wxdOGeJEG1cK8EL9PZETae1Uxq5TEhjbVW8u/ueFGSTXUc5VmgFTdLkoyQQGjef/4yE3jIKYOkKo4e5WTMfEEAoupYoLIVh9eZ10m43AbwT3zVqrWcRRRmfoHF2iAF2hFrpFbdRBFGn0jF7Rmwfei/fufSxbS14xc4r+wPv8Ab68kC8=</latexit>

10k⌦
<latexit sha1_base64="OQgqQ0aaFJUevUKmAeY8V42BA6s=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFhPBKtyl0TJgY2cEkwiXI+xt9pIl+3HszgnhyM+wsVDE1l9j579xk1yhiQ8GHu/NMDMvTgW34PvfXmljc2t7p7xb2ds/ODyqHp90rc4MZR2qhTaPMbFMcMU6wEGwx9QwImPBevHkZu73npixXKsHmKYskmSkeMIpASeF9cCf9O8kG5H6oFrzG/4CeJ0EBamhAu1B9as/1DSTTAEVxNow8FOIcmKAU8FmlX5mWUrohIxY6KgiktkoX5w8wxdOGeJEG1cK8EL9PZETae1Uxq5TEhjbVW8u/ueFGSTXUc5VmgFTdLkoyQQGjef/4yE3jIKYOkKo4e5WTMfEEAoupYoLIVh9eZ10m43AbwT3zVqrWcRRRmfoHF2iAF2hFrpFbdRBFGn0jF7Rmwfei/fufSxbS14xc4r+wPv8Ab68kC8=</latexit><latexit sha1_base64="OQgqQ0aaFJUevUKmAeY8V42BA6s=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFhPBKtyl0TJgY2cEkwiXI+xt9pIl+3HszgnhyM+wsVDE1l9j579xk1yhiQ8GHu/NMDMvTgW34PvfXmljc2t7p7xb2ds/ODyqHp90rc4MZR2qhTaPMbFMcMU6wEGwx9QwImPBevHkZu73npixXKsHmKYskmSkeMIpASeF9cCf9O8kG5H6oFrzG/4CeJ0EBamhAu1B9as/1DSTTAEVxNow8FOIcmKAU8FmlX5mWUrohIxY6KgiktkoX5w8wxdOGeJEG1cK8EL9PZETae1Uxq5TEhjbVW8u/ueFGSTXUc5VmgFTdLkoyQQGjef/4yE3jIKYOkKo4e5WTMfEEAoupYoLIVh9eZ10m43AbwT3zVqrWcRRRmfoHF2iAF2hFrpFbdRBFGn0jF7Rmwfei/fufSxbS14xc4r+wPv8Ab68kC8=</latexit>

10k⌦
<latexit sha1_base64="uytSSp/UJGahkMmNouoKaapY+rg=">AAAB8nicbZDLSgMxFIbP1Fsdb1WXboKt4KpMutGNWHDjzgq2FaZDyaSZNjQzGZKMUIaCL+HGhSJu3fse7nwb08tCW38IfPz/OeScE6aCa+N5305hZXVtfaO46W5t7+zulfYPWlpmirImlUKq+5BoJnjCmoYbwe5TxUgcCtYOh1eTvP3AlOYyuTOjlAUx6Sc84pQYa/kV7A07NzHrk0q3VPaq3lRoGfAcypef7sUjADS6pa9OT9IsZomhgmjtYy81QU6U4VSwsdvJNEsJHZI+8y0mJGY6yKcjj9GJdXooksq+xKCp+7sjJ7HWozi0lTExA72YTcz/Mj8z0XmQ8yTNDEvo7KMoE8hINNkf9bhi1IiRBUIVt7MiOiCKUGOv5Noj4MWVl6FVq2Kvim9xuV6DmYpwBMdwChjOoA7X0IAmUJDwBC/w6hjn2Xlz3melBWfecwh/5Hz8ABgDkes=</latexit><latexit sha1_base64="YYbPPqOR5t243PQhQgwAFFexkQw=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0TJgY2cEkwiXI+xt9pIl+3Hs7gnhyM+wsVDE1l9j579xk1yhiQ8GHu/NMDMvTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT7pGpVpQjtEcaUfY2woZ5J2LLOcPqaaYhFz2osnN3O/90S1YUo+2GlKI4FHkiWMYOuksB74k/6doCNcH1RrfsNfAK2ToCA1KNAeVL/6Q0UyQaUlHBsTBn5qoxxrywins0o/MzTFZIJHNHRUYkFNlC9OnqELpwxRorQradFC/T2RY2HMVMSuU2A7NqveXPzPCzObXEc5k2lmqSTLRUnGkVVo/j8aMk2J5VNHMNHM3YrIGGtMrEup4kIIVl9eJ91mI/AbwX1QazWLOMpwBudwCQFcQQtuoQ0dIKDgGV7hzbPei/fufSxbS14xcwp/4H3+AL5skC4=</latexit>

10k⌦
<latexit sha1_base64="uytSSp/UJGahkMmNouoKaapY+rg=">AAAB8nicbZDLSgMxFIbP1Fsdb1WXboKt4KpMutGNWHDjzgq2FaZDyaSZNjQzGZKMUIaCL+HGhSJu3fse7nwb08tCW38IfPz/OeScE6aCa+N5305hZXVtfaO46W5t7+zulfYPWlpmirImlUKq+5BoJnjCmoYbwe5TxUgcCtYOh1eTvP3AlOYyuTOjlAUx6Sc84pQYa/kV7A07NzHrk0q3VPaq3lRoGfAcypef7sUjADS6pa9OT9IsZomhgmjtYy81QU6U4VSwsdvJNEsJHZI+8y0mJGY6yKcjj9GJdXooksq+xKCp+7sjJ7HWozi0lTExA72YTcz/Mj8z0XmQ8yTNDEvo7KMoE8hINNkf9bhi1IiRBUIVt7MiOiCKUGOv5Noj4MWVl6FVq2Kvim9xuV6DmYpwBMdwChjOoA7X0IAmUJDwBC/w6hjn2Xlz3melBWfecwh/5Hz8ABgDkes=</latexit><latexit sha1_base64="YYbPPqOR5t243PQhQgwAFFexkQw=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0TJgY2cEkwiXI+xt9pIl+3Hs7gnhyM+wsVDE1l9j579xk1yhiQ8GHu/NMDMvTjkz1ve/vdLG5tb2Tnm3srd/cHhUPT7pGpVpQjtEcaUfY2woZ5J2LLOcPqaaYhFz2osnN3O/90S1YUo+2GlKI4FHkiWMYOuksB74k/6doCNcH1RrfsNfAK2ToCA1KNAeVL/6Q0UyQaUlHBsTBn5qoxxrywins0o/MzTFZIJHNHRUYkFNlC9OnqELpwxRorQradFC/T2RY2HMVMSuU2A7NqveXPzPCzObXEc5k2lmqSTLRUnGkVVo/j8aMk2J5VNHMNHM3YrIGGtMrEup4kIIVl9eJ91mI/AbwX1QazWLOMpwBudwCQFcQQtuoQ0dIKDgGV7hzbPei/fufSxbS14xcwp/4H3+AL5skC4=</latexit>

40k⌦
<latexit sha1_base64="Vws/cl4bOQINgojyATHH0tghDV8=">AAAB8nicbZDLSgMxFIbP1Fsdb1WXboKt4KrMFEE3YsGNOyvYC7RDyaSZNjSTDElGKEPBl3DjQhG37n0Pd76N6WWhrT8EPv7/HHLOCRPOtPG8bye3srq2vpHfdLe2d3b3CvsHDS1TRWidSC5VK8SaciZo3TDDaStRFMchp81weD3Jmw9UaSbFvRklNIhxX7CIEWys1S6decPObUz7uNQtFL2yNxVaBn8OxatP9/IRAGrdwlenJ0kaU2EIx1q3fS8xQYaVYYTTsdtJNU0wGeI+bVsUOKY6yKYjj9GJdXookso+YdDU/d2R4VjrURzayhibgV7MJuZ/WTs10UWQMZGkhgoy+yhKOTISTfZHPaYoMXxkARPF7KyIDLDCxNgrufYI/uLKy9ColH2v7N/5xWoFZsrDERzDKfhwDlW4gRrUgYCEJ3iBV8c4z86b8z4rzTnznkP4I+fjBxyqke4=</latexit><latexit sha1_base64="9MepZYLrAZ8r2ceqBQJiJ+EeD3g=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBhPBU9gNgh4DXrwZwTwgWcLspDcZMo9lZlYISz7DiwdFvPo13vwbJ8keNLGgoajqprsrSjgz1ve/vcLG5tb2TnG3tLd/cHhUPj5pG5VqCi2quNLdiBjgTELLMsuhm2ggIuLQiSa3c7/zBNowJR/tNIFQkJFkMaPEOqlXvfIn/XsBI1IdlCt+zV8Ar5MgJxWUozkof/WHiqYCpKWcGNML/MSGGdGWUQ6zUj81kBA6ISPoOSqJABNmi5Nn+MIpQxwr7UpavFB/T2REGDMVkesUxI7NqjcX//N6qY1vwozJJLUg6XJRnHJsFZ7/j4dMA7V86gihmrlbMR0TTah1KZVcCMHqy+ukXa8Ffi14CCqNeh5HEZ2hc3SJAnSNGugONVELUaTQM3pFb571Xrx372PZWvDymVP0B97nD8MTkDE=</latexit>

40k⌦
<latexit sha1_base64="Vws/cl4bOQINgojyATHH0tghDV8=">AAAB8nicbZDLSgMxFIbP1Fsdb1WXboKt4KrMFEE3YsGNOyvYC7RDyaSZNjSTDElGKEPBl3DjQhG37n0Pd76N6WWhrT8EPv7/HHLOCRPOtPG8bye3srq2vpHfdLe2d3b3CvsHDS1TRWidSC5VK8SaciZo3TDDaStRFMchp81weD3Jmw9UaSbFvRklNIhxX7CIEWys1S6decPObUz7uNQtFL2yNxVaBn8OxatP9/IRAGrdwlenJ0kaU2EIx1q3fS8xQYaVYYTTsdtJNU0wGeI+bVsUOKY6yKYjj9GJdXookso+YdDU/d2R4VjrURzayhibgV7MJuZ/WTs10UWQMZGkhgoy+yhKOTISTfZHPaYoMXxkARPF7KyIDLDCxNgrufYI/uLKy9ColH2v7N/5xWoFZsrDERzDKfhwDlW4gRrUgYCEJ3iBV8c4z86b8z4rzTnznkP4I+fjBxyqke4=</latexit><latexit sha1_base64="9MepZYLrAZ8r2ceqBQJiJ+EeD3g=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBhPBU9gNgh4DXrwZwTwgWcLspDcZMo9lZlYISz7DiwdFvPo13vwbJ8keNLGgoajqprsrSjgz1ve/vcLG5tb2TnG3tLd/cHhUPj5pG5VqCi2quNLdiBjgTELLMsuhm2ggIuLQiSa3c7/zBNowJR/tNIFQkJFkMaPEOqlXvfIn/XsBI1IdlCt+zV8Ar5MgJxWUozkof/WHiqYCpKWcGNML/MSGGdGWUQ6zUj81kBA6ISPoOSqJABNmi5Nn+MIpQxwr7UpavFB/T2REGDMVkesUxI7NqjcX//N6qY1vwozJJLUg6XJRnHJsFZ7/j4dMA7V86gihmrlbMR0TTah1KZVcCMHqy+ukXa8Ffi14CCqNeh5HEZ2hc3SJAnSNGugONVELUaTQM3pFb571Xrx372PZWvDymVP0B97nD8MTkDE=</latexit>

VI1
<latexit sha1_base64="DZGXmQAbDn28ptZWZQyAwDZ8WyE=">AAAB73icbZDNTgIxFIXvoCLiH+rSTSOYuCJTNrokcaM7SBwggQnplA40dDpj2zEhE17CjQuNcetb+AzujC9j+VkoeJImX865N733Bong2rjul5Pb2NzKbxd2irt7+weHpaPjlo5TRZlHYxGrTkA0E1wyz3AjWCdRjESBYO1gfD3L2w9MaR7LOzNJmB+RoeQhp8RYq1Np9bNbPK30S2W36s6F1gEvoVzPN78/AKDRL332BjFNIyYNFUTrLnYT42dEGU4FmxZ7qWYJoWMyZF2LkkRM+9l83ik6t84AhbGyTxo0d393ZCTSehIFtjIiZqRXs5n5X9ZNTXjlZ1wmqWGSLj4KU4FMjGbLowFXjBoxsUCo4nZWREdEEWrsiYr2CHh15XVo1arYreImLtdrsFABTuEMLgDDJdThBhrgAQUBj/AML8698+S8Om+L0pyz7DmBP3LefwDb5JFY</latexit><latexit sha1_base64="0DS42rsJsf1T4SMRJlRIY81aJRA=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BFvBU9n0oseCF71VsB/QLiWbZtvQbHZNskJZ+ie8eFDEq3/Hm//GtN2Dtj4YeLw3w8y8IJHCWM/7RoWNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8ZYWVvJtoTqNA8k4wuZn7nSeujYjVg50m3I/oSIlQMGqd1K22B9kdmVUH5YpX8xbA64TkpAI5moPyV38YszTiyjJJjekRL7F+RrUVTPJZqZ8anlA2oSPec1TRiBs/W9w7wxdOGeIw1q6UxQv190RGI2OmUeA6I2rHZtWbi/95vdSG134mVJJarthyUZhKbGM8fx4PhebMyqkjlGnhbsVsTDVl1kVUciGQ1ZfXSbteI16N3JNKo57HUYQzOIdLIHAFDbiFJrSAgYRneIU39Ihe0Dv6WLYWUD5zCn+APn8A5fiPJg==</latexit>

VI1
<latexit sha1_base64="DZGXmQAbDn28ptZWZQyAwDZ8WyE=">AAAB73icbZDNTgIxFIXvoCLiH+rSTSOYuCJTNrokcaM7SBwggQnplA40dDpj2zEhE17CjQuNcetb+AzujC9j+VkoeJImX865N733Bong2rjul5Pb2NzKbxd2irt7+weHpaPjlo5TRZlHYxGrTkA0E1wyz3AjWCdRjESBYO1gfD3L2w9MaR7LOzNJmB+RoeQhp8RYq1Np9bNbPK30S2W36s6F1gEvoVzPN78/AKDRL332BjFNIyYNFUTrLnYT42dEGU4FmxZ7qWYJoWMyZF2LkkRM+9l83ik6t84AhbGyTxo0d393ZCTSehIFtjIiZqRXs5n5X9ZNTXjlZ1wmqWGSLj4KU4FMjGbLowFXjBoxsUCo4nZWREdEEWrsiYr2CHh15XVo1arYreImLtdrsFABTuEMLgDDJdThBhrgAQUBj/AML8698+S8Om+L0pyz7DmBP3LefwDb5JFY</latexit><latexit sha1_base64="0DS42rsJsf1T4SMRJlRIY81aJRA=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BFvBU9n0oseCF71VsB/QLiWbZtvQbHZNskJZ+ie8eFDEq3/Hm//GtN2Dtj4YeLw3w8y8IJHCWM/7RoWNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8ZYWVvJtoTqNA8k4wuZn7nSeujYjVg50m3I/oSIlQMGqd1K22B9kdmVUH5YpX8xbA64TkpAI5moPyV38YszTiyjJJjekRL7F+RrUVTPJZqZ8anlA2oSPec1TRiBs/W9w7wxdOGeIw1q6UxQv190RGI2OmUeA6I2rHZtWbi/95vdSG134mVJJarthyUZhKbGM8fx4PhebMyqkjlGnhbsVsTDVl1kVUciGQ1ZfXSbteI16N3JNKo57HUYQzOIdLIHAFDbiFJrSAgYRneIU39Ihe0Dv6WLYWUD5zCn+APn8A5fiPJg==</latexit>

RR

VI2
<latexit sha1_base64="X++3poUzwsuCN5B7ouQiAb/2SbE=">AAAB73icbZC7SgNBFIbPRo0x3qKWNoOJYBV202gZsNEuAXOBJITZydlkyOzsOjMrhCUvYWOhiK1v4TPYiS/j5FJo4g8DH/9/DnPO8WPBtXHdLyezsbmV3c7t5Hf39g8OC0fHTR0limGDRSJSbZ9qFFxiw3AjsB0rpKEvsOWPr2d56wGV5pG8M5MYeyEdSh5wRo212qVmP72tTEv9QtEtu3ORdfCWUKxm698fAFDrFz67g4glIUrDBNW647mx6aVUGc4ETvPdRGNM2ZgOsWNR0hB1L53POyXn1hmQIFL2SUPm7u+OlIZaT0LfVobUjPRqNjP/yzqJCa56KZdxYlCyxUdBIoiJyGx5MuAKmRETC5QpbmclbEQVZcaeKG+P4K2uvA7NStlzy17dK1YrsFAOTuEMLsCDS6jCDdSgAQwEPMIzvDj3zpPz6rwtSjPOsucE/sh5/wHdapFZ</latexit><latexit sha1_base64="CiqUrRE9gHtS87c4w1mWxaamt9M=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0TJgo10E8wHJEfY2c8mSvb1zd08IR/6EjYUitv4dO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTm7nfeUKleSwfzDRBP6IjyUPOqLFSt9oeZHf1WXVQrrg1dwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62uHdGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzLJDUo2XJRmApiYjJ/ngy5QmbE1BLKFLe3EjamijJjIyrZELzVl9dJu17z3Jp371Ua9TyOIpzBOVyCB1fQgFtoQgsYCHiGV3hzHp0X5935WLYWnHzmFP7A+fwB536PJw==</latexit>

VI2
<latexit sha1_base64="X++3poUzwsuCN5B7ouQiAb/2SbE=">AAAB73icbZC7SgNBFIbPRo0x3qKWNoOJYBV202gZsNEuAXOBJITZydlkyOzsOjMrhCUvYWOhiK1v4TPYiS/j5FJo4g8DH/9/DnPO8WPBtXHdLyezsbmV3c7t5Hf39g8OC0fHTR0limGDRSJSbZ9qFFxiw3AjsB0rpKEvsOWPr2d56wGV5pG8M5MYeyEdSh5wRo212qVmP72tTEv9QtEtu3ORdfCWUKxm698fAFDrFz67g4glIUrDBNW647mx6aVUGc4ETvPdRGNM2ZgOsWNR0hB1L53POyXn1hmQIFL2SUPm7u+OlIZaT0LfVobUjPRqNjP/yzqJCa56KZdxYlCyxUdBIoiJyGx5MuAKmRETC5QpbmclbEQVZcaeKG+P4K2uvA7NStlzy17dK1YrsFAOTuEMLsCDS6jCDdSgAQwEPMIzvDj3zpPz6rwtSjPOsucE/sh5/wHdapFZ</latexit><latexit sha1_base64="CiqUrRE9gHtS87c4w1mWxaamt9M=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0TJgo10E8wHJEfY2c8mSvb1zd08IR/6EjYUitv4dO/+Nm+QKTXww8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTm7nfeUKleSwfzDRBP6IjyUPOqLFSt9oeZHf1WXVQrrg1dwGyTrycVCBHc1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62uHdGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQmv/YzLJDUo2XJRmApiYjJ/ngy5QmbE1BLKFLe3EjamijJjIyrZELzVl9dJu17z3Jp371Ua9TyOIpzBOVyCB1fQgFtoQgsYCHiGV3hzHp0X5935WLYWnHzmFP7A+fwB536PJw==</latexit>

VO
<latexit sha1_base64="FsvzNNhZPoJe0j+4vOs4aJUr/fI=">AAAB7nicbZC7SgNBFIbPxluMt6ilzWAiWIXdNFoGbOxMwFwgWcLs5GwyZHZ2mZkVwpKHsLFQxNbH8BnsxJdxcik08YeBj/8/hznnBIng2rjul5Pb2Nza3snvFvb2Dw6PiscnLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z5+wGV5rG8N5ME/YgOJQ85o8Za7XKrn91Ny/1iya24c5F18JZQqm03vj8AoN4vfvYGMUsjlIYJqnXXcxPjZ1QZzgROC71UY0LZmA6xa1HSCLWfzcedkgvrDEgYK/ukIXP3d0dGI60nUWArI2pGejWbmf9l3dSE137GZZIalGzxUZgKYmIy250MuEJmxMQCZYrbWQkbUUWZsRcq2CN4qyuvQ6ta8dyK1/BKtSoslIczOIdL8OAKanALdWgCgzE8wjO8OInz5Lw6b4vSnLPsOYU/ct5/AHPVkSM=</latexit><latexit sha1_base64="CWk9C2U/fDD+2I8E4GrzZz8kp8w=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyliWXAxs4I5gOSI+xt5pIle3vH7p4QjvwIGwtFbP09dv4bN8kVmvhg4PHeDDPzgkRwbVz32ylsbe/s7hX3SweHR8cn5dOzjo5TxbDNYhGrXkA1Ci6xbbgR2EsU0igQ2A2mtwu/+4RK81g+mlmCfkTHkoecUWOlbrUzzO7n1WG54tbcJcgm8XJSgRytYflrMIpZGqE0TFCt+56bGD+jynAmcF4apBoTyqZ0jH1LJY1Q+9ny3Dm5ssqIhLGyJQ1Zqr8nMhppPYsC2xlRM9Hr3kL8z+unJrzxMy6T1KBkq0VhKoiJyeJ3MuIKmREzSyhT3N5K2IQqyoxNqGRD8NZf3iSdes1za96DV2nW8ziKcAGXcA0eNKAJd9CCNjCYwjO8wpuTOC/Ou/Oxai04+cw5/IHz+QN96Y7x</latexit>

VO
<latexit sha1_base64="FsvzNNhZPoJe0j+4vOs4aJUr/fI=">AAAB7nicbZC7SgNBFIbPxluMt6ilzWAiWIXdNFoGbOxMwFwgWcLs5GwyZHZ2mZkVwpKHsLFQxNbH8BnsxJdxcik08YeBj/8/hznnBIng2rjul5Pb2Nza3snvFvb2Dw6PiscnLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2Z5+wGV5rG8N5ME/YgOJQ85o8Za7XKrn91Ny/1iya24c5F18JZQqm03vj8AoN4vfvYGMUsjlIYJqnXXcxPjZ1QZzgROC71UY0LZmA6xa1HSCLWfzcedkgvrDEgYK/ukIXP3d0dGI60nUWArI2pGejWbmf9l3dSE137GZZIalGzxUZgKYmIy250MuEJmxMQCZYrbWQkbUUWZsRcq2CN4qyuvQ6ta8dyK1/BKtSoslIczOIdL8OAKanALdWgCgzE8wjO8OInz5Lw6b4vSnLPsOYU/ct5/AHPVkSM=</latexit><latexit sha1_base64="CWk9C2U/fDD+2I8E4GrzZz8kp8w=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyliWXAxs4I5gOSI+xt5pIle3vH7p4QjvwIGwtFbP09dv4bN8kVmvhg4PHeDDPzgkRwbVz32ylsbe/s7hX3SweHR8cn5dOzjo5TxbDNYhGrXkA1Ci6xbbgR2EsU0igQ2A2mtwu/+4RK81g+mlmCfkTHkoecUWOlbrUzzO7n1WG54tbcJcgm8XJSgRytYflrMIpZGqE0TFCt+56bGD+jynAmcF4apBoTyqZ0jH1LJY1Q+9ny3Dm5ssqIhLGyJQ1Zqr8nMhppPYsC2xlRM9Hr3kL8z+unJrzxMy6T1KBkq0VhKoiJyeJ3MuIKmREzSyhT3N5K2IQqyoxNqGRD8NZf3iSdes1za96DV2nW8ziKcAGXcA0eNKAJd9CCNjCYwjO8wpuTOC/Ou/Oxai04+cw5/IHz+QN96Y7x</latexit>

+ + +

- --

Figure 5: Q2 circuit

A2 VO = 5(VI2 − VI1)

Q3 (10%) Given the inverting amplifier as shown in Figure 6, its supply voltage is ±15V .

-
+

3k⌦
<latexit sha1_base64="ogBm14veBbnJkZAtCjbOf/a+wnM=">AAAB8XicbZC7SgNBFIbPxluMt6ilzWAiWIVdLbQzYGNnBHPBZAmzk7PJkNnZZWZWiCFvYWOhiK2tT2Jn6Zs4uRSa+MPAx/+fw5xzgkRwbVz3y8ksLa+srmXXcxubW9s7+d29mo5TxbDKYhGrRkA1Ci6xargR2EgU0igQWA/6l+O8fo9K81jemkGCfkS7koecUWOtu+Jpv3UdYZcW2/mCW3InIovgzaBw8fHwXQaASjv/2erELI1QGiao1k3PTYw/pMpwJnCUa6UaE8r6tItNi5JGqP3hZOIRObJOh4Sxsk8aMnF/dwxppPUgCmxlRE1Pz2dj87+smZrw3B9ymaQGJZt+FKaCmJiM1ycdrpAZMbBAmeJ2VsJ6VFFm7JFy9gje/MqLUDspeW7Ju/EKZRemysIBHMIxeHAGZbiCClSBgYRHeIYXRztPzqvzNi3NOLOeffgj5/0HxUmSgg==</latexit><latexit sha1_base64="tB6g13XAY48bJuWpusapmnxjceg=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFhPBKtxpoWXAxs4I5gOTI+xt5pIle3vH7p4QjvwLGwtFbP03dv4bN8kVmvhg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GNzO//YRK81g+mEmCfkSHkoecUWOlx+rluHcX4ZBW++WKW3PnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/OLp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms/fJgCtkRkwsoUxxeythI6ooMzakkg3BW355lbQuap5b8+69St3N4yjCCZzCOXhwBXW4hQY0gYGEZ3iFN0c7L86787FoLTj5zDH8gfP5A1Ffj/Q=</latexit>

3k⌦
<latexit sha1_base64="ogBm14veBbnJkZAtCjbOf/a+wnM=">AAAB8XicbZC7SgNBFIbPxluMt6ilzWAiWIVdLbQzYGNnBHPBZAmzk7PJkNnZZWZWiCFvYWOhiK2tT2Jn6Zs4uRSa+MPAx/+fw5xzgkRwbVz3y8ksLa+srmXXcxubW9s7+d29mo5TxbDKYhGrRkA1Ci6xargR2EgU0igQWA/6l+O8fo9K81jemkGCfkS7koecUWOtu+Jpv3UdYZcW2/mCW3InIovgzaBw8fHwXQaASjv/2erELI1QGiao1k3PTYw/pMpwJnCUa6UaE8r6tItNi5JGqP3hZOIRObJOh4Sxsk8aMnF/dwxppPUgCmxlRE1Pz2dj87+smZrw3B9ymaQGJZt+FKaCmJiM1ycdrpAZMbBAmeJ2VsJ6VFFm7JFy9gje/MqLUDspeW7Ju/EKZRemysIBHMIxeHAGZbiCClSBgYRHeIYXRztPzqvzNi3NOLOeffgj5/0HxUmSgg==</latexit><latexit sha1_base64="tB6g13XAY48bJuWpusapmnxjceg=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFhPBKtxpoWXAxs4I5gOTI+xt5pIle3vH7p4QjvwLGwtFbP03dv4bN8kVmvhg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GNzO//YRK81g+mEmCfkSHkoecUWOlx+rluHcX4ZBW++WKW3PnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/OLp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms/fJgCtkRkwsoUxxeythI6ooMzakkg3BW355lbQuap5b8+69St3N4yjCCZzCOXhwBXW4hQY0gYGEZ3iFN0c7L86787FoLTj5zDH8gfP5A1Ffj/Q=</latexit>

6k⌦
<latexit sha1_base64="O3z+CwiP8RWhEJtkl6pwWPyffnI=">AAAB8XicbZC7SgNBFIbPxluMt6ilzWAiWIVdC7UzYGNnBHPBZAmzk7PJkNnZZWZWiCFvYWOhiK2tT2Jn6Zs4uRSa+MPAx/+fw5xzgkRwbVz3y8ksLa+srmXXcxubW9s7+d29mo5TxbDKYhGrRkA1Ci6xargR2EgU0igQWA/6l+O8fo9K81jemkGCfkS7koecUWOtu+Jpv3UdYZcW2/mCW3InIovgzaBw8fHwXQaASjv/2erELI1QGiao1k3PTYw/pMpwJnCUa6UaE8r6tItNi5JGqP3hZOIRObJOh4Sxsk8aMnF/dwxppPUgCmxlRE1Pz2dj87+smZrw3B9ymaQGJZt+FKaCmJiM1ycdrpAZMbBAmeJ2VsJ6VFFm7JFy9gje/MqLUDspeW7Ju/EKZRemysIBHMIxeHAGZbiCClSBgYRHeIYXRztPzqvzNi3NOLOeffgj5/0Hye2ShQ==</latexit><latexit sha1_base64="hclK/pHQiP8T88MkNJUfBjKSqAY=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFhPBKtxZqGXAxs4I5gOTI+xt5pIle3vH7p4QjvwLGwtFbP03dv4bN8kVmvhg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GNzO//YRK81g+mEmCfkSHkoecUWOlx+rluHcX4ZBW++WKW3PnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/OLp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms/fJgCtkRkwsoUxxeythI6ooMzakkg3BW355lbQuap5b8+69St3N4yjCCZzCOXhwBXW4hQY0gYGEZ3iFN0c7L86787FoLTj5zDH8gfP5A1YDj/c=</latexit>

6k⌦
<latexit sha1_base64="O3z+CwiP8RWhEJtkl6pwWPyffnI=">AAAB8XicbZC7SgNBFIbPxluMt6ilzWAiWIVdC7UzYGNnBHPBZAmzk7PJkNnZZWZWiCFvYWOhiK2tT2Jn6Zs4uRSa+MPAx/+fw5xzgkRwbVz3y8ksLa+srmXXcxubW9s7+d29mo5TxbDKYhGrRkA1Ci6xargR2EgU0igQWA/6l+O8fo9K81jemkGCfkS7koecUWOtu+Jpv3UdYZcW2/mCW3InIovgzaBw8fHwXQaASjv/2erELI1QGiao1k3PTYw/pMpwJnCUa6UaE8r6tItNi5JGqP3hZOIRObJOh4Sxsk8aMnF/dwxppPUgCmxlRE1Pz2dj87+smZrw3B9ymaQGJZt+FKaCmJiM1ycdrpAZMbBAmeJ2VsJ6VFFm7JFy9gje/MqLUDspeW7Ju/EKZRemysIBHMIxeHAGZbiCClSBgYRHeIYXRztPzqvzNi3NOLOeffgj5/0Hye2ShQ==</latexit><latexit sha1_base64="hclK/pHQiP8T88MkNJUfBjKSqAY=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFhPBKtxZqGXAxs4I5gOTI+xt5pIle3vH7p4QjvwLGwtFbP03dv4bN8kVmvhg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GNzO//YRK81g+mEmCfkSHkoecUWOlx+rluHcX4ZBW++WKW3PnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/OLp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms/fJgCtkRkwsoUxxeythI6ooMzakkg3BW355lbQuap5b8+69St3N4yjCCZzCOXhwBXW4hQY0gYGEZ3iFN0c7L86787FoLTj5zDH8gfP5A1YDj/c=</latexit>

2k⌦
<latexit sha1_base64="N1UGDwBDSxxdUeY8f3Yp0nzvFS8=">AAAB8XicbZC7SgNBFIbPxluMt6ilzWAiWIXdNNoZsLEzgrlgsoTZyUkyZHZ2mZkV4pK3sLFQxNbWJ7Gz9E2cXApN/GHg4//PYc45QSy4Nq775WRWVtfWN7Kbua3tnd29/P5BXUeJYlhjkYhUM6AaBZdYM9wIbMYKaRgIbATDy0neuEeleSRvzShGP6R9yXucUWOtu2J52L4OsU+LnXzBLblTkWXw5lC4+Hj4rgBAtZP/bHcjloQoDRNU65bnxsZPqTKcCRzn2onGmLIh7WPLoqQhaj+dTjwmJ9bpkl6k7JOGTN3fHSkNtR6Fga0MqRnoxWxi/pe1EtM791Mu48SgZLOPeokgJiKT9UmXK2RGjCxQpridlbABVZQZe6ScPYK3uPIy1Mslzy15N16h4sJMWTiCYzgFD86gAldQhRowkPAIz/DiaOfJeXXeZqUZZ95zCH/kvP8Aw72SgQ==</latexit><latexit sha1_base64="pTUgoE/lBx3JkEreC/oAhLTD3wY=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tDhPBKtyl0TJgY2cE84HJEfY2c8mS3b1jd08IR/6FjYUitv4bO/+Nm+QKTXww8Hhvhpl5YcKZNp737RQ2Nre2d4q7pb39g8Oj8vFJW8epotiiMY9VNyQaOZPYMsxw7CYKiQg5dsLJzdzvPKHSLJYPZppgIMhIsohRYqz0WK1P+ncCR6Q6KFe8mreAu078nFQgR3NQ/uoPY5oKlIZyonXP9xITZEQZRjnOSv1UY0LohIywZ6kkAnWQLS6euRdWGbpRrGxJ4y7U3xMZEVpPRWg7BTFjverNxf+8Xmqi6yBjMkkNSrpcFKXcNbE7f98dMoXU8KklhCpmb3XpmChCjQ2pZEPwV19eJ+16zfdq/r1faXh5HEU4g3O4BB+uoAG30IQWUJDwDK/w5mjnxXl3PpatBSefOYU/cD5/AE/Tj/M=</latexit>

2k⌦
<latexit sha1_base64="N1UGDwBDSxxdUeY8f3Yp0nzvFS8=">AAAB8XicbZC7SgNBFIbPxluMt6ilzWAiWIXdNNoZsLEzgrlgsoTZyUkyZHZ2mZkV4pK3sLFQxNbWJ7Gz9E2cXApN/GHg4//PYc45QSy4Nq775WRWVtfWN7Kbua3tnd29/P5BXUeJYlhjkYhUM6AaBZdYM9wIbMYKaRgIbATDy0neuEeleSRvzShGP6R9yXucUWOtu2J52L4OsU+LnXzBLblTkWXw5lC4+Hj4rgBAtZP/bHcjloQoDRNU65bnxsZPqTKcCRzn2onGmLIh7WPLoqQhaj+dTjwmJ9bpkl6k7JOGTN3fHSkNtR6Fga0MqRnoxWxi/pe1EtM791Mu48SgZLOPeokgJiKT9UmXK2RGjCxQpridlbABVZQZe6ScPYK3uPIy1Mslzy15N16h4sJMWTiCYzgFD86gAldQhRowkPAIz/DiaOfJeXXeZqUZZ95zCH/kvP8Aw72SgQ==</latexit><latexit sha1_base64="pTUgoE/lBx3JkEreC/oAhLTD3wY=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tDhPBKtyl0TJgY2cE84HJEfY2c8mS3b1jd08IR/6FjYUitv4bO/+Nm+QKTXww8Hhvhpl5YcKZNp737RQ2Nre2d4q7pb39g8Oj8vFJW8epotiiMY9VNyQaOZPYMsxw7CYKiQg5dsLJzdzvPKHSLJYPZppgIMhIsohRYqz0WK1P+ncCR6Q6KFe8mreAu078nFQgR3NQ/uoPY5oKlIZyonXP9xITZEQZRjnOSv1UY0LohIywZ6kkAnWQLS6euRdWGbpRrGxJ4y7U3xMZEVpPRWg7BTFjverNxf+8Xmqi6yBjMkkNSrpcFKXcNbE7f98dMoXU8KklhCpmb3XpmChCjQ2pZEPwV19eJ+16zfdq/r1faXh5HEU4g3O4BB+uoAG30IQWUJDwDK/w5mjnxXl3PpatBSefOYU/cD5/AE/Tj/M=</latexit>

ui
<latexit sha1_base64="gLAa79Hv0RYNr9rnAbLmHjg+eOA=">AAAB7HicbZC7SgNBFIbPGi8x3qKWNoOJYBV2bbQM2FhGcJNAsoTZyWwyZHZ2mTkrhCXPYGOhiK3P4TNYCD6NTi6FJv4w8PH/5zDnnDCVwqDrfjlrhfWNza3idmlnd2//oHx41DRJphn3WSIT3Q6p4VIo7qNAydup5jQOJW+Fo+tp3rrn2ohE3eE45UFMB0pEglG0ll/NeqLaK1fcmjsTWQVvAZV64fP7HQAavfJHt5+wLOYKmaTGdDw3xSCnGgWTfFLqZoanlI3ogHcsKhpzE+SzYSfkzDp9EiXaPoVk5v7uyGlszDgObWVMcWiWs6n5X9bJMLoKcqHSDLli84+iTBJMyHRz0heaM5RjC5RpYWclbEg1ZWjvU7JH8JZXXoXmRc1za96tV6m7MFcRTuAUzsGDS6jDDTTABwYCHuAJnh3lPDovzuu8dM1Z9BzDHzlvP+STkPQ=</latexit><latexit sha1_base64="eYH8dheRW0xJPyG6gceWRMrd3NU=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoveCTx4hETCyTQkO0yhQ3bbbO7NSENv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZemAqujet+O6Wt7Z3dvfJ+5eDw6PikenrW0UmmGPosEYnqhVSj4BJ9w43AXqqQxqHAbji9W/jdJ1SaJ/LRzFIMYjqWPOKMGiv59WzI68NqzW24S5BN4hWkBgXaw+rXYJSwLEZpmKBa9z03NUFOleFM4LwyyDSmlE3pGPuWShqjDvLlsXNyZZURiRJlSxqyVH9P5DTWehaHtjOmZqLXvYX4n9fPTHQb5FymmUHJVouiTBCTkMXnZMQVMiNmllCmuL2VsAlVlBmbT8WG4K2/vEk6Nw3PbXgPXq3lFnGU4QIu4Ro8aEIL7qENPjDg8Ayv8OZI58V5dz5WrSWnmDmHP3A+fwAOco4c</latexit>

ui
<latexit sha1_base64="gLAa79Hv0RYNr9rnAbLmHjg+eOA=">AAAB7HicbZC7SgNBFIbPGi8x3qKWNoOJYBV2bbQM2FhGcJNAsoTZyWwyZHZ2mTkrhCXPYGOhiK3P4TNYCD6NTi6FJv4w8PH/5zDnnDCVwqDrfjlrhfWNza3idmlnd2//oHx41DRJphn3WSIT3Q6p4VIo7qNAydup5jQOJW+Fo+tp3rrn2ohE3eE45UFMB0pEglG0ll/NeqLaK1fcmjsTWQVvAZV64fP7HQAavfJHt5+wLOYKmaTGdDw3xSCnGgWTfFLqZoanlI3ogHcsKhpzE+SzYSfkzDp9EiXaPoVk5v7uyGlszDgObWVMcWiWs6n5X9bJMLoKcqHSDLli84+iTBJMyHRz0heaM5RjC5RpYWclbEg1ZWjvU7JH8JZXXoXmRc1za96tV6m7MFcRTuAUzsGDS6jDDTTABwYCHuAJnh3lPDovzuu8dM1Z9BzDHzlvP+STkPQ=</latexit><latexit sha1_base64="eYH8dheRW0xJPyG6gceWRMrd3NU=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoveCTx4hETCyTQkO0yhQ3bbbO7NSENv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZemAqujet+O6Wt7Z3dvfJ+5eDw6PikenrW0UmmGPosEYnqhVSj4BJ9w43AXqqQxqHAbji9W/jdJ1SaJ/LRzFIMYjqWPOKMGiv59WzI68NqzW24S5BN4hWkBgXaw+rXYJSwLEZpmKBa9z03NUFOleFM4LwyyDSmlE3pGPuWShqjDvLlsXNyZZURiRJlSxqyVH9P5DTWehaHtjOmZqLXvYX4n9fPTHQb5FymmUHJVouiTBCTkMXnZMQVMiNmllCmuL2VsAlVlBmbT8WG4K2/vEk6Nw3PbXgPXq3lFnGU4QIu4Ro8aEIL7qENPjDg8Ayv8OZI58V5dz5WrSWnmDmHP3A+fwAOco4c</latexit>

R1
<latexit sha1_base64="YAVU1v1cggJi2EG1TrOv7skaKtA=">AAAB7HicbZDLSgMxFIbPtF5qvY26dBNsBVdl4kaXBTcuqzhtoR1KJs20oZnMkGSEMvQZ3LhQxK3P4TO4EHwaTS8Lbf0h8PH/55BzTpgKro3nfTmF4tr6xmZpq7y9s7u37x4cNnWSKcp8mohEtUOimeCS+YYbwdqpYiQOBWuFo6tp3rpnSvNE3plxyoKYDCSPOCXGWn71toerPbfi1byZ0CrgBVTqxc/vdwBo9NyPbj+hWcykoYJo3cFeaoKcKMOpYJNyN9MsJXREBqxjUZKY6SCfDTtBp9bpoyhR9kmDZu7vjpzEWo/j0FbGxAz1cjY1/8s6mYkug5zLNDNM0vlHUSaQSdB0c9TnilEjxhYIVdzOiuiQKEKNvU/ZHgEvr7wKzfMa9mr4BlfqHsxVgmM4gTPAcAF1uIYG+ECBwwM8wbMjnUfnxXmdlxacRc8R/JHz9gNaBpCZ</latexit><latexit sha1_base64="W985rDzTjSVMlHYPD6Q0PWlwCaI=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRFoveiTx4hGNCySwId3ShYZud9N2TciG3+DFg8Z49Qd5899YYA8KvmSSl/dmMjMvTKUwFuNvr7SxubW9U96t7O0fHB5Vj0/aJsk04z5LZKK7ITVcCsV9K6zk3VRzGoeSd8LJ7dzvPHFtRKIe7TTlQUxHSkSCUeskv/4wIPVBtYYbeAG0TkhBalCgNah+9YcJy2KuLJPUmB7BqQ1yqq1gks8q/czwlLIJHfGeo4rG3AT54tgZunDKEEWJdqUsWqi/J3IaGzONQ9cZUzs2q95c/M/rZTa6CXKh0sxyxZaLokwim6D552goNGdWTh2hTAt3K2JjqimzLp+KC4GsvrxO2lcNghvkntSauIijDGdwDpdA4BqacAct8IGBgGd4hTdPeS/eu/exbC15xcwp/IH3+QOD1o3B</latexit>

R1
<latexit sha1_base64="YAVU1v1cggJi2EG1TrOv7skaKtA=">AAAB7HicbZDLSgMxFIbPtF5qvY26dBNsBVdl4kaXBTcuqzhtoR1KJs20oZnMkGSEMvQZ3LhQxK3P4TO4EHwaTS8Lbf0h8PH/55BzTpgKro3nfTmF4tr6xmZpq7y9s7u37x4cNnWSKcp8mohEtUOimeCS+YYbwdqpYiQOBWuFo6tp3rpnSvNE3plxyoKYDCSPOCXGWn71toerPbfi1byZ0CrgBVTqxc/vdwBo9NyPbj+hWcykoYJo3cFeaoKcKMOpYJNyN9MsJXREBqxjUZKY6SCfDTtBp9bpoyhR9kmDZu7vjpzEWo/j0FbGxAz1cjY1/8s6mYkug5zLNDNM0vlHUSaQSdB0c9TnilEjxhYIVdzOiuiQKEKNvU/ZHgEvr7wKzfMa9mr4BlfqHsxVgmM4gTPAcAF1uIYG+ECBwwM8wbMjnUfnxXmdlxacRc8R/JHz9gNaBpCZ</latexit><latexit sha1_base64="W985rDzTjSVMlHYPD6Q0PWlwCaI=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRFoveiTx4hGNCySwId3ShYZud9N2TciG3+DFg8Z49Qd5899YYA8KvmSSl/dmMjMvTKUwFuNvr7SxubW9U96t7O0fHB5Vj0/aJsk04z5LZKK7ITVcCsV9K6zk3VRzGoeSd8LJ7dzvPHFtRKIe7TTlQUxHSkSCUeskv/4wIPVBtYYbeAG0TkhBalCgNah+9YcJy2KuLJPUmB7BqQ1yqq1gks8q/czwlLIJHfGeo4rG3AT54tgZunDKEEWJdqUsWqi/J3IaGzONQ9cZUzs2q95c/M/rZTa6CXKh0sxyxZaLokwim6D552goNGdWTh2hTAt3K2JjqimzLp+KC4GsvrxO2lcNghvkntSauIijDGdwDpdA4BqacAct8IGBgGd4hTdPeS/eu/exbC15xcwp/IH3+QOD1o3B</latexit>

uo
<latexit sha1_base64="hXdbDEWXxC5H5Et55iVNXh9YFbk=">AAAB7HicbZC7SgNBFIbPGi8x3qKWNoOJYBV2bbQM2FhGcJNAsoTZyWwyZHZmmYsQljyDjYUitj6Hz2Ah+DQ6uRSa+MPAx/+fw5xz4owzbXz/y1srrG9sbhW3Szu7e/sH5cOjppZWERoSyaVqx1hTzgQNDTOctjNFcRpz2opH19O8dU+VZlLcmXFGoxQPBEsYwcZZYdX2ZLVXrvg1fya0CsECKvXC5/c7ADR65Y9uXxKbUmEIx1p3Aj8zUY6VYYTTSalrNc0wGeEB7TgUOKU6ymfDTtCZc/ookco9YdDM/d2R41TrcRq7yhSboV7OpuZ/Wcea5CrKmcisoYLMP0osR0ai6eaozxQlho8dYKKYmxWRIVaYGHefkjtCsLzyKjQvaoFfC26DSt2HuYpwAqdwDgFcQh1uoAEhEGDwAE/w7Anv0XvxXuela96i5xj+yHv7Ae2xkPo=</latexit><latexit sha1_base64="4V4L7YYAeTNRyJNxVcCfwwzAFcI=">AAAB7HicbVA9TwJBEJ3zE/ELtbTZCCZW5M5GSxIbS0w8IIEL2VsG2LC3e9ndMyEXfoONhcbY+oPs/DcucIWCL5nk5b2ZzMyLU8GN9f1vb2Nza3tnt7RX3j84PDqunJy2jMo0w5ApoXQnpgYFlxhabgV2Uo00iQW248nd3G8/oTZcyUc7TTFK6EjyIWfUOimsZX1V61eqft1fgKyToCBVKNDsV756A8WyBKVlghrTDfzURjnVljOBs3IvM5hSNqEj7DoqaYImyhfHzsilUwZkqLQraclC/T2R08SYaRK7zoTasVn15uJ/Xjezw9so5zLNLEq2XDTMBLGKzD8nA66RWTF1hDLN3a2EjammzLp8yi6EYPXlddK6rgd+PXgIqg2/iKME53ABVxDADTTgHpoQAgMOz/AKb570Xrx372PZuuEVM2fwB97nDxeQjiI=</latexit>

uo
<latexit sha1_base64="hXdbDEWXxC5H5Et55iVNXh9YFbk=">AAAB7HicbZC7SgNBFIbPGi8x3qKWNoOJYBV2bbQM2FhGcJNAsoTZyWwyZHZmmYsQljyDjYUitj6Hz2Ah+DQ6uRSa+MPAx/+fw5xz4owzbXz/y1srrG9sbhW3Szu7e/sH5cOjppZWERoSyaVqx1hTzgQNDTOctjNFcRpz2opH19O8dU+VZlLcmXFGoxQPBEsYwcZZYdX2ZLVXrvg1fya0CsECKvXC5/c7ADR65Y9uXxKbUmEIx1p3Aj8zUY6VYYTTSalrNc0wGeEB7TgUOKU6ymfDTtCZc/ookco9YdDM/d2R41TrcRq7yhSboV7OpuZ/Wcea5CrKmcisoYLMP0osR0ai6eaozxQlho8dYKKYmxWRIVaYGHefkjtCsLzyKjQvaoFfC26DSt2HuYpwAqdwDgFcQh1uoAEhEGDwAE/w7Anv0XvxXuela96i5xj+yHv7Ae2xkPo=</latexit><latexit sha1_base64="4V4L7YYAeTNRyJNxVcCfwwzAFcI=">AAAB7HicbVA9TwJBEJ3zE/ELtbTZCCZW5M5GSxIbS0w8IIEL2VsG2LC3e9ndMyEXfoONhcbY+oPs/DcucIWCL5nk5b2ZzMyLU8GN9f1vb2Nza3tnt7RX3j84PDqunJy2jMo0w5ApoXQnpgYFlxhabgV2Uo00iQW248nd3G8/oTZcyUc7TTFK6EjyIWfUOimsZX1V61eqft1fgKyToCBVKNDsV756A8WyBKVlghrTDfzURjnVljOBs3IvM5hSNqEj7DoqaYImyhfHzsilUwZkqLQraclC/T2R08SYaRK7zoTasVn15uJ/Xjezw9so5zLNLEq2XDTMBLGKzD8nA66RWTF1hDLN3a2EjammzLp8yi6EYPXlddK6rgd+PXgIqg2/iKME53ABVxDADTTgHpoQAgMOz/AKb570Xrx372PZuuEVM2fwB97nDxeQjiI=</latexit>

R2
<latexit sha1_base64="DuSGoXgHThdUMhzESQ3gN+Ow1rw=">AAAB7HicbZC7SgNBFIbPGi8x3qKWNoOJYBV202gZsLGM4iaBJITZyWwyZHZ2mTkrhCXPYGOhiK3P4TNYCD6NTi6FJv4w8PH/5zDnnCCRwqDrfjlrufWNza38dmFnd2//oHh41DBxqhn3WSxj3Qqo4VIo7qNAyVuJ5jQKJG8Go6tp3rzn2ohY3eE44d2IDpQIBaNoLb9826uWe8WSW3FnIqvgLaBUy31+vwNAvVf86PRjlkZcIZPUmLbnJtjNqEbBJJ8UOqnhCWUjOuBti4pG3HSz2bATcmadPgljbZ9CMnN/d2Q0MmYcBbYyojg0y9nU/C9rpxhedjOhkhS5YvOPwlQSjMl0c9IXmjOUYwuUaWFnJWxINWVo71OwR/CWV16FRrXiuRXvxivVXJgrDydwCufgwQXU4Brq4AMDAQ/wBM+Och6dF+d1XrrmLHqO4Y+ctx9bi5Ca</latexit><latexit sha1_base64="cAazvaj2TC+IoZyCJ3PC5+AromA=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoueiTx4hGNBRNoyHbZwobtttmdmpCG3+DFg8Z49Qd589+4QA8KvmSSl/dmMjMvTKUw6LrfTmljc2t7p7xb2ds/ODyqHp90TJJpxn2WyEQ/htRwKRT3UaDkj6nmNA4l74aTm7nffeLaiEQ94DTlQUxHSkSCUbSSX78fNOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8UgpxoFk3xW6WeGp5RN6Ij3LFU05ibIF8fOyIVVhiRKtC2FZKH+nshpbMw0Dm1nTHFsVr25+J/XyzC6DnKh0gy5YstFUSYJJmT+ORkKzRnKqSWUaWFvJWxMNWVo86nYELzVl9dJp9nw3IZ359VabhFHGc7gHC7BgytowS20wQcGAp7hFd4c5bw4787HsrXkFDOn8AfO5w+FW43C</latexit>

R2
<latexit sha1_base64="DuSGoXgHThdUMhzESQ3gN+Ow1rw=">AAAB7HicbZC7SgNBFIbPGi8x3qKWNoOJYBV202gZsLGM4iaBJITZyWwyZHZ2mTkrhCXPYGOhiK3P4TNYCD6NTi6FJv4w8PH/5zDnnCCRwqDrfjlrufWNza38dmFnd2//oHh41DBxqhn3WSxj3Qqo4VIo7qNAyVuJ5jQKJG8Go6tp3rzn2ohY3eE44d2IDpQIBaNoLb9826uWe8WSW3FnIqvgLaBUy31+vwNAvVf86PRjlkZcIZPUmLbnJtjNqEbBJJ8UOqnhCWUjOuBti4pG3HSz2bATcmadPgljbZ9CMnN/d2Q0MmYcBbYyojg0y9nU/C9rpxhedjOhkhS5YvOPwlQSjMl0c9IXmjOUYwuUaWFnJWxINWVo71OwR/CWV16FRrXiuRXvxivVXJgrDydwCufgwQXU4Brq4AMDAQ/wBM+Och6dF+d1XrrmLHqO4Y+ctx9bi5Ca</latexit><latexit sha1_base64="cAazvaj2TC+IoZyCJ3PC5+AromA=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoueiTx4hGNBRNoyHbZwobtttmdmpCG3+DFg8Z49Qd589+4QA8KvmSSl/dmMjMvTKUw6LrfTmljc2t7p7xb2ds/ODyqHp90TJJpxn2WyEQ/htRwKRT3UaDkj6nmNA4l74aTm7nffeLaiEQ94DTlQUxHSkSCUbSSX78fNOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8UgpxoFk3xW6WeGp5RN6Ij3LFU05ibIF8fOyIVVhiRKtC2FZKH+nshpbMw0Dm1nTHFsVr25+J/XyzC6DnKh0gy5YstFUSYJJmT+ORkKzRnKqSWUaWFvJWxMNWVo86nYELzVl9dJp9nw3IZ359VabhFHGc7gHC7BgytowS20wQcGAp7hFd4c5bw4787HsrXkFDOn8AfO5w+FW43C</latexit>

Rp
<latexit sha1_base64="lDIPnxCxrSVUVBdhPkGrx0Rv/C0=">AAAB7HicbZA9SwNBEIbn4leMXzGWNouJYBXubLQM2FhG8ZJAEsLeZi9Zsrd37M4J4Uhra2OhiKCNP8jOf+Pmo9DEFxYe3neGnZkgkcKg6347ubX1jc2t/HZhZ3dv/6B4WGqYONWM+yyWsW4F1HApFPdRoOStRHMaBZI3g9HVNG/ec21ErO5wnPBuRAdKhIJRtJZfue0llV6x7FbdmcgqeAso10ofD+8AUO8Vvzr9mKURV8gkNabtuQl2M6pRMMknhU5qeELZiA5426KiETfdbDbshJxap0/CWNunkMzc3x0ZjYwZR4GtjCgOzXI2Nf/L2imGl91MqCRFrtj8ozCVBGMy3Zz0heYM5dgCZVrYWQkbUk0Z2vsU7BG85ZVXoXFe9dyqd+OVay7MlYdjOIEz8OACanANdfCBgYBHeIYXRzlPzqvzNi/NOYueI/gj5/MHuFSQGQ==</latexit><latexit sha1_base64="Px+9yvVVPmo3u2ARYmL31wBQCPA=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoveiTx4hGNBRJoyHaZwobtttndmpCG3+DFg8Z49Qd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczv3OEyrNE/lopikGMR1JHnFGjZX8+sMgrQ+qNbfhLkDWiVeQGhRoDapf/WHCshilYYJq3fPc1AQ5VYYzgbNKP9OYUjahI+xZKmmMOsgXx87IhVWGJEqULWnIQv09kdNY62kc2s6YmrFe9ebif14vM9FNkHOZZgYlWy6KMkFMQuafkyFXyIyYWkKZ4vZWwsZUUWZsPhUbgrf68jppXzU8t+Hde7WmW8RRhjM4h0vw4BqacAct8IEBh2d4hTdHOi/Ou/OxbC05xcwp/IHz+QPjkY4A</latexit>

Rp
<latexit sha1_base64="lDIPnxCxrSVUVBdhPkGrx0Rv/C0=">AAAB7HicbZA9SwNBEIbn4leMXzGWNouJYBXubLQM2FhG8ZJAEsLeZi9Zsrd37M4J4Uhra2OhiKCNP8jOf+Pmo9DEFxYe3neGnZkgkcKg6347ubX1jc2t/HZhZ3dv/6B4WGqYONWM+yyWsW4F1HApFPdRoOStRHMaBZI3g9HVNG/ec21ErO5wnPBuRAdKhIJRtJZfue0llV6x7FbdmcgqeAso10ofD+8AUO8Vvzr9mKURV8gkNabtuQl2M6pRMMknhU5qeELZiA5426KiETfdbDbshJxap0/CWNunkMzc3x0ZjYwZR4GtjCgOzXI2Nf/L2imGl91MqCRFrtj8ozCVBGMy3Zz0heYM5dgCZVrYWQkbUk0Z2vsU7BG85ZVXoXFe9dyqd+OVay7MlYdjOIEz8OACanANdfCBgYBHeIYXRzlPzqvzNi/NOYueI/gj5/MHuFSQGQ==</latexit><latexit sha1_base64="Px+9yvVVPmo3u2ARYmL31wBQCPA=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoveiTx4hGNBRJoyHaZwobtttndmpCG3+DFg8Z49Qd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczv3OEyrNE/lopikGMR1JHnFGjZX8+sMgrQ+qNbfhLkDWiVeQGhRoDapf/WHCshilYYJq3fPc1AQ5VYYzgbNKP9OYUjahI+xZKmmMOsgXx87IhVWGJEqULWnIQv09kdNY62kc2s6YmrFe9ebif14vM9FNkHOZZgYlWy6KMkFMQuafkyFXyIyYWkKZ4vZWwsZUUWZsPhUbgrf68jppXzU8t+Hde7WmW8RRhjM4h0vw4BqacAct8IEBh2d4hTdHOi/Ou/OxbC05xcwp/IHz+QPjkY4A</latexit>

Figure 6: Inverting Amplifier.

1. Compute and sketch transmission curve between ui and uo.
2. The input signal is given to be ui = 5sinωt(V ), sketch the waveform of uo.

A3 A3 solution is shown in Figure 7:

Q4 (15%) A differential integrator is shown in Figure 8.

1. Determine the relationship among ui1, ui2 and uo.
2. If we want uo = 0V when ui2 = 1V , determine ui1
3. When t = 0, ui2 = 1V , ui1 = 0V , uo = 0V , determine uo when t = 10s.
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ui1
<latexit sha1_base64="9wfT8lNn/wpj+KDRDz5pyy1hp+Y=">AAAB73icbZDLSgMxFIbPVK213qou3QRbwVWZdKPLghuXLdgL1KFk0kwbmmTGJCOUoS/hxoUibn0Ln8Gd+DKml4W2/hD4+P9zyDknTAQ31ve/vNzG5lZ+u7BT3N3bPzgsHR23TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gnH17O888C04bG6tZOEBZIMFY84JdZZ3UrazzieVvqlsl/150LrgJdQrueb3x8A0OiXPu8GMU0lU5YKYkwP+4kNMqItp4JNi3epYQmhYzJkPYeKSGaCbD7vFJ07Z4CiWLunLJq7vzsyIo2ZyNBVSmJHZjWbmf9lvdRGV0HGVZJapujioygVyMZotjwacM2oFRMHhGruZkV0RDSh1p2o6I6AV1deh3ativ0qbuJyvQYLFeAUzuACMFxCHW6gAS2gIOARnuHFu/eevFfvbVGa85Y9J/BH3vsPPImRlw==</latexit><latexit sha1_base64="nlfQ3HqPO55VWNpu7GgpZo6kYJg=">AAAB73icbVA9SwNBEJ3zM8avqKXNYiJYhds0WgZsLCOYD0iOsLfZJEv29s7dOSEc+RM2ForY+nfs/Ddukis08cHA470ZZuaFiZIWff/b29jc2t7ZLewV9w8Oj45LJ6ctG6eGiyaPVWw6IbNCSS2aKFGJTmIEi0Il2uHkdu63n4SxMtYPOE1EELGRlkPJGTqpU0n7maSzSr9U9qv+AmSd0JyUIUejX/rqDWKeRkIjV8zaLvUTDDJmUHIlZsVeakXC+ISNRNdRzSJhg2xx74xcOmVAhrFxpZEs1N8TGYusnUah64wYju2qNxf/87opDm+CTOokRaH5ctEwVQRjMn+eDKQRHNXUEcaNdLcSPmaGcXQRFV0IdPXlddKqValfpfe0XK/lcRTgHC7gCihcQx3uoAFN4KDgGV7hzXv0Xrx372PZuuHlM2fwB97nD0adj2U=</latexit>

ui1
<latexit sha1_base64="9wfT8lNn/wpj+KDRDz5pyy1hp+Y=">AAAB73icbZDLSgMxFIbPVK213qou3QRbwVWZdKPLghuXLdgL1KFk0kwbmmTGJCOUoS/hxoUibn0Ln8Gd+DKml4W2/hD4+P9zyDknTAQ31ve/vNzG5lZ+u7BT3N3bPzgsHR23TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gnH17O888C04bG6tZOEBZIMFY84JdZZ3UrazzieVvqlsl/150LrgJdQrueb3x8A0OiXPu8GMU0lU5YKYkwP+4kNMqItp4JNi3epYQmhYzJkPYeKSGaCbD7vFJ07Z4CiWLunLJq7vzsyIo2ZyNBVSmJHZjWbmf9lvdRGV0HGVZJapujioygVyMZotjwacM2oFRMHhGruZkV0RDSh1p2o6I6AV1deh3ativ0qbuJyvQYLFeAUzuACMFxCHW6gAS2gIOARnuHFu/eevFfvbVGa85Y9J/BH3vsPPImRlw==</latexit><latexit sha1_base64="nlfQ3HqPO55VWNpu7GgpZo6kYJg=">AAAB73icbVA9SwNBEJ3zM8avqKXNYiJYhds0WgZsLCOYD0iOsLfZJEv29s7dOSEc+RM2ForY+nfs/Ddukis08cHA470ZZuaFiZIWff/b29jc2t7ZLewV9w8Oj45LJ6ctG6eGiyaPVWw6IbNCSS2aKFGJTmIEi0Il2uHkdu63n4SxMtYPOE1EELGRlkPJGTqpU0n7maSzSr9U9qv+AmSd0JyUIUejX/rqDWKeRkIjV8zaLvUTDDJmUHIlZsVeakXC+ISNRNdRzSJhg2xx74xcOmVAhrFxpZEs1N8TGYusnUah64wYju2qNxf/87opDm+CTOokRaH5ctEwVQRjMn+eDKQRHNXUEcaNdLcSPmaGcXQRFV0IdPXlddKqValfpfe0XK/lcRTgHC7gCihcQx3uoAFN4KDgGV7hzXv0Xrx372PZuuHlM2fwB97nD0adj2U=</latexit>

ui2
<latexit sha1_base64="PjZHwyFj4NHPuoUGH0leLbAYfPo=">AAAB73icbZC7SgNBFIbPRo0x3qKWNoOJYBV202gZsLFMwFwgLmF2cjYZMju7zswKYclL2FgoYutb+Ax24ss4uRSa+MPAx/+fw5xzgkRwbVz3y8ltbG7ltws7xd29/YPD0tFxW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ATj61neeUCleSxvzSRBP6JDyUPOqLFWt5L2M16bVvqlslt15yLr4C2hXM83vz8AoNEvfd4NYpZGKA0TVOue5ybGz6gynAmcFu9SjQllYzrEnkVJI9R+Np93Ss6tMyBhrOyThszd3x0ZjbSeRIGtjKgZ6dVsZv6X9VITXvkZl0lqULLFR2EqiInJbHky4AqZERMLlCluZyVsRBVlxp6oaI/gra68Du1a1XOrXtMr12uwUAFO4QwuwINLqMMNNKAFDAQ8wjO8OPfOk/PqvC1Kc86y5wT+yHn/AT4PkZg=</latexit><latexit sha1_base64="Am76zvVPTIvAjKsDGNj8ybf7dzo=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLElsLDGRjwQuZG/Zgw17e+funAm58CdsLDTG1r9j579xgSsUfMkkL+/NZGZekEhh0HW/ncLW9s7uXnG/dHB4dHxSPj3rmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mtwu/+8S1EbF6wFnC/YiOlQgFo2ilXjUdZqI+rw7LFbfmLkE2iZeTCuRoDctfg1HM0ogrZJIa0/fcBP2MahRM8nlpkBqeUDalY963VNGIGz9b3jsnV1YZkTDWthSSpfp7IqORMbMosJ0RxYlZ9xbif14/xfDGz4RKUuSKrRaFqSQYk8XzZCQ0ZyhnllCmhb2VsAnVlKGNqGRD8NZf3iSdes1za969V2nW8ziKcAGXcA0eNKAJd9CCNjCQ8Ayv8OY8Oi/Ou/Oxai04+cw5/IHz+QNII49m</latexit>

ui2
<latexit sha1_base64="PjZHwyFj4NHPuoUGH0leLbAYfPo=">AAAB73icbZC7SgNBFIbPRo0x3qKWNoOJYBV202gZsLFMwFwgLmF2cjYZMju7zswKYclL2FgoYutb+Ax24ss4uRSa+MPAx/+fw5xzgkRwbVz3y8ltbG7ltws7xd29/YPD0tFxW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ATj61neeUCleSxvzSRBP6JDyUPOqLFWt5L2M16bVvqlslt15yLr4C2hXM83vz8AoNEvfd4NYpZGKA0TVOue5ybGz6gynAmcFu9SjQllYzrEnkVJI9R+Np93Ss6tMyBhrOyThszd3x0ZjbSeRIGtjKgZ6dVsZv6X9VITXvkZl0lqULLFR2EqiInJbHky4AqZERMLlCluZyVsRBVlxp6oaI/gra68Du1a1XOrXtMr12uwUAFO4QwuwINLqMMNNKAFDAQ8wjO8OPfOk/PqvC1Kc86y5wT+yHn/AT4PkZg=</latexit><latexit sha1_base64="Am76zvVPTIvAjKsDGNj8ybf7dzo=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLElsLDGRjwQuZG/Zgw17e+funAm58CdsLDTG1r9j579xgSsUfMkkL+/NZGZekEhh0HW/ncLW9s7uXnG/dHB4dHxSPj3rmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mtwu/+8S1EbF6wFnC/YiOlQgFo2ilXjUdZqI+rw7LFbfmLkE2iZeTCuRoDctfg1HM0ogrZJIa0/fcBP2MahRM8nlpkBqeUDalY963VNGIGz9b3jsnV1YZkTDWthSSpfp7IqORMbMosJ0RxYlZ9xbif14/xfDGz4RKUuSKrRaFqSQYk8XzZCQ0ZyhnllCmhb2VsAnVlKGNqGRD8NZf3iSdes1za969V2nW8ziKcAGXcA0eNKAJd9CCNjCQ8Ayv8OY8Oi/Ou/Oxai04+cw5/IHz+QNII49m</latexit>

uo
<latexit sha1_base64="fZBwhU1vXX69Kio8WqWdD3xHzi0=">AAAB7nicbZC7SgNBFIbPRo0x3qKWNoOJYBV202gZsLFMwFwgWcLsZDYZMpdlZlYISx7CxkIRWx/DZ7ATX8bJpdDEHwY+/v8c5pwTJZwZ6/tfXm5reye/W9gr7h8cHh2XTk7bRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO887D1QbpuS9nSY0FHgkWcwIts7qVNJBpmaVQansV/2F0CYEKyjX883vDwBoDEqf/aEiqaDSEo6N6QV+YsMMa8sIp7NiPzU0wWSCR7TnUGJBTZgtxp2hS+cMUay0e9Kihfu7I8PCmKmIXKXAdmzWs7n5X9ZLbXwTZkwmqaWSLD+KU46sQvPd0ZBpSiyfOsBEMzcrImOsMbHuQkV3hGB95U1o16qBXw2aQbleg6UKcA4XcAUBXEMd7qABLSAwgUd4hhcv8Z68V+9tWZrzVj1n8Efe+w/ULJFi</latexit><latexit sha1_base64="+CJiFKF3+O4nK+OAQaJqDLsynEs=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0TJgYxnBfEByhL3NJFmyt3vs7gnhyI+wsVDE1t9j579xk1yhiQ8GHu/NMDMvSgQ31ve/vcLW9s7uXnG/dHB4dHxSPj1rG5Vqhi2mhNLdiBoUXGLLciuwm2ikcSSwE03vFn7nCbXhSj7aWYJhTMeSjzij1kmdajrI1Lw6KFf8mr8E2SRBTiqQozkof/WHiqUxSssENaYX+IkNM6otZwLnpX5qMKFsSsfYc1TSGE2YLc+dkyunDMlIaVfSkqX6eyKjsTGzOHKdMbUTs+4txP+8XmpHt2HGZZJalGy1aJQKYhVZ/E6GXCOzYuYIZZq7WwmbUE2ZdQmVXAjB+subpF2vBX4teAgqjXoeRxEu4BKuIYAbaMA9NKEFDKbwDK/w5iXei/fufaxaC14+cw5/4H3+AN5AjzA=</latexit>

uo
<latexit sha1_base64="fZBwhU1vXX69Kio8WqWdD3xHzi0=">AAAB7nicbZC7SgNBFIbPRo0x3qKWNoOJYBV202gZsLFMwFwgWcLsZDYZMpdlZlYISx7CxkIRWx/DZ7ATX8bJpdDEHwY+/v8c5pwTJZwZ6/tfXm5reye/W9gr7h8cHh2XTk7bRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO887D1QbpuS9nSY0FHgkWcwIts7qVNJBpmaVQansV/2F0CYEKyjX883vDwBoDEqf/aEiqaDSEo6N6QV+YsMMa8sIp7NiPzU0wWSCR7TnUGJBTZgtxp2hS+cMUay0e9Kihfu7I8PCmKmIXKXAdmzWs7n5X9ZLbXwTZkwmqaWSLD+KU46sQvPd0ZBpSiyfOsBEMzcrImOsMbHuQkV3hGB95U1o16qBXw2aQbleg6UKcA4XcAUBXEMd7qABLSAwgUd4hhcv8Z68V+9tWZrzVj1n8Efe+w/ULJFi</latexit><latexit sha1_base64="+CJiFKF3+O4nK+OAQaJqDLsynEs=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0TJgYxnBfEByhL3NJFmyt3vs7gnhyI+wsVDE1t9j579xk1yhiQ8GHu/NMDMvSgQ31ve/vcLW9s7uXnG/dHB4dHxSPj1rG5Vqhi2mhNLdiBoUXGLLciuwm2ikcSSwE03vFn7nCbXhSj7aWYJhTMeSjzij1kmdajrI1Lw6KFf8mr8E2SRBTiqQozkof/WHiqUxSssENaYX+IkNM6otZwLnpX5qMKFsSsfYc1TSGE2YLc+dkyunDMlIaVfSkqX6eyKjsTGzOHKdMbUTs+4txP+8XmpHt2HGZZJalGy1aJQKYhVZ/E6GXCOzYuYIZZq7WwmbUE2ZdQmVXAjB+subpF2vBX4teAgqjXoeRxEu4BKuIYAbaMA9NKEFDKbwDK/w5iXei/fufaxaC14+cw5/4H3+AN5AjzA=</latexit>

100k⌦
<latexit sha1_base64="ytmTGnApehZ1HM7XIwmx2adheLo=">AAAB83icbVA9SwNBEJ2LX/H8ilraLCaCVdhLo40YsLEzgkmE3BH2NnvJkr29Y3dPCEfAX2FjoYittf/Dzn/j5qPQxAcDj/dmmJkXpoJrg/G3U1hZXVvfKG66W9s7u3ul/YOWTjJFWZMmIlH3IdFMcMmahhvB7lPFSBwK1g6HVxO//cCU5om8M6OUBTHpSx5xSoyV/IqH8dC/iVmfVLqlMq7iKdAy8eakfPnpXjwCQKNb+vJ7Cc1iJg0VROuOh1MT5EQZTgUbu36mWUrokPRZx1JJYqaDfHrzGJ1YpYeiRNmSBk3V3xM5ibUexaHtjIkZ6EVvIv7ndTITnQc5l2lmmKSzRVEmkEnQJADU44pRI0aWEKq4vRXRAVGEGhuTa0PwFl9eJq1a1cNV79Yr12swQxGO4BhOwYMzqMM1NKAJFFJ4ghd4dTLn2Xlz3metBWc+cwh/4Hz8AIfAkiU=</latexit><latexit sha1_base64="j/41obr5wKBftT4/699QQ8VJE8M=">AAAB83icbVBNTwIxEO3iF+IX6tFLI5h4Il0ueiTx4k1MBEzYDemWWWhou5u2a0I2/A0vHjTGq3/Gm//GAntQ8CWTvLw3k5l5USq4sYR8e6WNza3tnfJuZW//4PCoenzSNUmmGXRYIhL9GFEDgivoWG4FPKYaqIwE9KLJzdzvPYE2PFEPdppCKOlI8Zgzap0U1H1CJsGdhBGtD6o10iAL4HXiF6SGCrQH1a9gmLBMgrJMUGP6PkltmFNtORMwqwSZgZSyCR1B31FFJZgwX9w8wxdOGeI40a6UxQv190ROpTFTGblOSe3YrHpz8T+vn9n4Osy5SjMLii0XxZnANsHzAPCQa2BWTB2hTHN3K2ZjqimzLqaKC8FffXmddJsNnzT8e7/WahZxlNEZOkeXyEdXqIVuURt1EEMpekav6M3LvBfv3ftYtpa8YuYU/YH3+QMuOJBo</latexit>

100k⌦
<latexit sha1_base64="ytmTGnApehZ1HM7XIwmx2adheLo=">AAAB83icbVA9SwNBEJ2LX/H8ilraLCaCVdhLo40YsLEzgkmE3BH2NnvJkr29Y3dPCEfAX2FjoYittf/Dzn/j5qPQxAcDj/dmmJkXpoJrg/G3U1hZXVvfKG66W9s7u3ul/YOWTjJFWZMmIlH3IdFMcMmahhvB7lPFSBwK1g6HVxO//cCU5om8M6OUBTHpSx5xSoyV/IqH8dC/iVmfVLqlMq7iKdAy8eakfPnpXjwCQKNb+vJ7Cc1iJg0VROuOh1MT5EQZTgUbu36mWUrokPRZx1JJYqaDfHrzGJ1YpYeiRNmSBk3V3xM5ibUexaHtjIkZ6EVvIv7ndTITnQc5l2lmmKSzRVEmkEnQJADU44pRI0aWEKq4vRXRAVGEGhuTa0PwFl9eJq1a1cNV79Yr12swQxGO4BhOwYMzqMM1NKAJFFJ4ghd4dTLn2Xlz3metBWc+cwh/4Hz8AIfAkiU=</latexit><latexit sha1_base64="j/41obr5wKBftT4/699QQ8VJE8M=">AAAB83icbVBNTwIxEO3iF+IX6tFLI5h4Il0ueiTx4k1MBEzYDemWWWhou5u2a0I2/A0vHjTGq3/Gm//GAntQ8CWTvLw3k5l5USq4sYR8e6WNza3tnfJuZW//4PCoenzSNUmmGXRYIhL9GFEDgivoWG4FPKYaqIwE9KLJzdzvPYE2PFEPdppCKOlI8Zgzap0U1H1CJsGdhBGtD6o10iAL4HXiF6SGCrQH1a9gmLBMgrJMUGP6PkltmFNtORMwqwSZgZSyCR1B31FFJZgwX9w8wxdOGeI40a6UxQv190ROpTFTGblOSe3YrHpz8T+vn9n4Osy5SjMLii0XxZnANsHzAPCQa2BWTB2hTHN3K2ZjqimzLqaKC8FffXmddJsNnzT8e7/WahZxlNEZOkeXyEdXqIVuURt1EEMpekav6M3LvBfv3ftYtpa8YuYU/YH3+QMuOJBo</latexit>

100k⌦
<latexit sha1_base64="ytmTGnApehZ1HM7XIwmx2adheLo=">AAAB83icbVA9SwNBEJ2LX/H8ilraLCaCVdhLo40YsLEzgkmE3BH2NnvJkr29Y3dPCEfAX2FjoYittf/Dzn/j5qPQxAcDj/dmmJkXpoJrg/G3U1hZXVvfKG66W9s7u3ul/YOWTjJFWZMmIlH3IdFMcMmahhvB7lPFSBwK1g6HVxO//cCU5om8M6OUBTHpSx5xSoyV/IqH8dC/iVmfVLqlMq7iKdAy8eakfPnpXjwCQKNb+vJ7Cc1iJg0VROuOh1MT5EQZTgUbu36mWUrokPRZx1JJYqaDfHrzGJ1YpYeiRNmSBk3V3xM5ibUexaHtjIkZ6EVvIv7ndTITnQc5l2lmmKSzRVEmkEnQJADU44pRI0aWEKq4vRXRAVGEGhuTa0PwFl9eJq1a1cNV79Yr12swQxGO4BhOwYMzqMM1NKAJFFJ4ghd4dTLn2Xlz3metBWc+cwh/4Hz8AIfAkiU=</latexit><latexit sha1_base64="j/41obr5wKBftT4/699QQ8VJE8M=">AAAB83icbVBNTwIxEO3iF+IX6tFLI5h4Il0ueiTx4k1MBEzYDemWWWhou5u2a0I2/A0vHjTGq3/Gm//GAntQ8CWTvLw3k5l5USq4sYR8e6WNza3tnfJuZW//4PCoenzSNUmmGXRYIhL9GFEDgivoWG4FPKYaqIwE9KLJzdzvPYE2PFEPdppCKOlI8Zgzap0U1H1CJsGdhBGtD6o10iAL4HXiF6SGCrQH1a9gmLBMgrJMUGP6PkltmFNtORMwqwSZgZSyCR1B31FFJZgwX9w8wxdOGeI40a6UxQv190ROpTFTGblOSe3YrHpz8T+vn9n4Osy5SjMLii0XxZnANsHzAPCQa2BWTB2hTHN3K2ZjqimzLqaKC8FffXmddJsNnzT8e7/WahZxlNEZOkeXyEdXqIVuURt1EEMpekav6M3LvBfv3ftYtpa8YuYU/YH3+QMuOJBo</latexit>

100k⌦
<latexit sha1_base64="ytmTGnApehZ1HM7XIwmx2adheLo=">AAAB83icbVA9SwNBEJ2LX/H8ilraLCaCVdhLo40YsLEzgkmE3BH2NnvJkr29Y3dPCEfAX2FjoYittf/Dzn/j5qPQxAcDj/dmmJkXpoJrg/G3U1hZXVvfKG66W9s7u3ul/YOWTjJFWZMmIlH3IdFMcMmahhvB7lPFSBwK1g6HVxO//cCU5om8M6OUBTHpSx5xSoyV/IqH8dC/iVmfVLqlMq7iKdAy8eakfPnpXjwCQKNb+vJ7Cc1iJg0VROuOh1MT5EQZTgUbu36mWUrokPRZx1JJYqaDfHrzGJ1YpYeiRNmSBk3V3xM5ibUexaHtjIkZ6EVvIv7ndTITnQc5l2lmmKSzRVEmkEnQJADU44pRI0aWEKq4vRXRAVGEGhuTa0PwFl9eJq1a1cNV79Yr12swQxGO4BhOwYMzqMM1NKAJFFJ4ghd4dTLn2Xlz3metBWc+cwh/4Hz8AIfAkiU=</latexit><latexit sha1_base64="j/41obr5wKBftT4/699QQ8VJE8M=">AAAB83icbVBNTwIxEO3iF+IX6tFLI5h4Il0ueiTx4k1MBEzYDemWWWhou5u2a0I2/A0vHjTGq3/Gm//GAntQ8CWTvLw3k5l5USq4sYR8e6WNza3tnfJuZW//4PCoenzSNUmmGXRYIhL9GFEDgivoWG4FPKYaqIwE9KLJzdzvPYE2PFEPdppCKOlI8Zgzap0U1H1CJsGdhBGtD6o10iAL4HXiF6SGCrQH1a9gmLBMgrJMUGP6PkltmFNtORMwqwSZgZSyCR1B31FFJZgwX9w8wxdOGeI40a6UxQv190ROpTFTGblOSe3YrHpz8T+vn9n4Osy5SjMLii0XxZnANsHzAPCQa2BWTB2hTHN3K2ZjqimzLqaKC8FffXmddJsNnzT8e7/WahZxlNEZOkeXyEdXqIVuURt1EEMpekav6M3LvBfv3ftYtpa8YuYU/YH3+QMuOJBo</latexit>

100k⌦
<latexit sha1_base64="ytmTGnApehZ1HM7XIwmx2adheLo=">AAAB83icbVA9SwNBEJ2LX/H8ilraLCaCVdhLo40YsLEzgkmE3BH2NnvJkr29Y3dPCEfAX2FjoYittf/Dzn/j5qPQxAcDj/dmmJkXpoJrg/G3U1hZXVvfKG66W9s7u3ul/YOWTjJFWZMmIlH3IdFMcMmahhvB7lPFSBwK1g6HVxO//cCU5om8M6OUBTHpSx5xSoyV/IqH8dC/iVmfVLqlMq7iKdAy8eakfPnpXjwCQKNb+vJ7Cc1iJg0VROuOh1MT5EQZTgUbu36mWUrokPRZx1JJYqaDfHrzGJ1YpYeiRNmSBk3V3xM5ibUexaHtjIkZ6EVvIv7ndTITnQc5l2lmmKSzRVEmkEnQJADU44pRI0aWEKq4vRXRAVGEGhuTa0PwFl9eJq1a1cNV79Yr12swQxGO4BhOwYMzqMM1NKAJFFJ4ghd4dTLn2Xlz3metBWc+cwh/4Hz8AIfAkiU=</latexit><latexit sha1_base64="j/41obr5wKBftT4/699QQ8VJE8M=">AAAB83icbVBNTwIxEO3iF+IX6tFLI5h4Il0ueiTx4k1MBEzYDemWWWhou5u2a0I2/A0vHjTGq3/Gm//GAntQ8CWTvLw3k5l5USq4sYR8e6WNza3tnfJuZW//4PCoenzSNUmmGXRYIhL9GFEDgivoWG4FPKYaqIwE9KLJzdzvPYE2PFEPdppCKOlI8Zgzap0U1H1CJsGdhBGtD6o10iAL4HXiF6SGCrQH1a9gmLBMgrJMUGP6PkltmFNtORMwqwSZgZSyCR1B31FFJZgwX9w8wxdOGeI40a6UxQv190ROpTFTGblOSe3YrHpz8T+vn9n4Osy5SjMLii0XxZnANsHzAPCQa2BWTB2hTHN3K2ZjqimzLqaKC8FffXmddJsNnzT8e7/WahZxlNEZOkeXyEdXqIVuURt1EEMpekav6M3LvBfv3ftYtpa8YuYU/YH3+QMuOJBo</latexit>

100k⌦
<latexit sha1_base64="ytmTGnApehZ1HM7XIwmx2adheLo=">AAAB83icbVA9SwNBEJ2LX/H8ilraLCaCVdhLo40YsLEzgkmE3BH2NnvJkr29Y3dPCEfAX2FjoYittf/Dzn/j5qPQxAcDj/dmmJkXpoJrg/G3U1hZXVvfKG66W9s7u3ul/YOWTjJFWZMmIlH3IdFMcMmahhvB7lPFSBwK1g6HVxO//cCU5om8M6OUBTHpSx5xSoyV/IqH8dC/iVmfVLqlMq7iKdAy8eakfPnpXjwCQKNb+vJ7Cc1iJg0VROuOh1MT5EQZTgUbu36mWUrokPRZx1JJYqaDfHrzGJ1YpYeiRNmSBk3V3xM5ibUexaHtjIkZ6EVvIv7ndTITnQc5l2lmmKSzRVEmkEnQJADU44pRI0aWEKq4vRXRAVGEGhuTa0PwFl9eJq1a1cNV79Yr12swQxGO4BhOwYMzqMM1NKAJFFJ4ghd4dTLn2Xlz3metBWc+cwh/4Hz8AIfAkiU=</latexit><latexit sha1_base64="j/41obr5wKBftT4/699QQ8VJE8M=">AAAB83icbVBNTwIxEO3iF+IX6tFLI5h4Il0ueiTx4k1MBEzYDemWWWhou5u2a0I2/A0vHjTGq3/Gm//GAntQ8CWTvLw3k5l5USq4sYR8e6WNza3tnfJuZW//4PCoenzSNUmmGXRYIhL9GFEDgivoWG4FPKYaqIwE9KLJzdzvPYE2PFEPdppCKOlI8Zgzap0U1H1CJsGdhBGtD6o10iAL4HXiF6SGCrQH1a9gmLBMgrJMUGP6PkltmFNtORMwqwSZgZSyCR1B31FFJZgwX9w8wxdOGeI40a6UxQv190ROpTFTGblOSe3YrHpz8T+vn9n4Osy5SjMLii0XxZnANsHzAPCQa2BWTB2hTHN3K2ZjqimzLqaKC8FffXmddJsNnzT8e7/WahZxlNEZOkeXyEdXqIVuURt1EEMpekav6M3LvBfv3ftYtpa8YuYU/YH3+QMuOJBo</latexit>

50k⌦
<latexit sha1_base64="emTyMHsjlGZzl7QGLkRTE2+kG90=">AAAB8nicbZDLSgMxFIbP1Fsdb1WXboKt4KrMFEQ3YsGNOyvYC7RDyaSZNjSTDElGKEPBl3DjQhG37n0Pd76N6WWhrT8EPv7/HHLOCRPOtPG8bye3srq2vpHfdLe2d3b3CvsHDS1TRWidSC5VK8SaciZo3TDDaStRFMchp81weD3Jmw9UaSbFvRklNIhxX7CIEWys1S6decPObUz7uNQtFL2yNxVaBn8OxatP9/IRAGrdwlenJ0kaU2EIx1q3fS8xQYaVYYTTsdtJNU0wGeI+bVsUOKY6yKYjj9GJdXookso+YdDU/d2R4VjrURzayhibgV7MJuZ/WTs10UWQMZGkhgoy+yhKOTISTfZHPaYoMXxkARPF7KyIDLDCxNgrufYI/uLKy9ColH2v7N/5xWoFZsrDERzDKfhwDlW4gRrUgYCEJ3iBV8c4z86b8z4rzTnznkP4I+fjBx43ke8=</latexit><latexit sha1_base64="rhXjSqozY7+KAilpgZTPTZsofQg=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBhPBU9gNiB4DXrwZwTwgWcLspDcZMo9lZlYISz7DiwdFvPo13vwbJ8keNLGgoajqprsrSjgz1ve/vcLG5tb2TnG3tLd/cHhUPj5pG5VqCi2quNLdiBjgTELLMsuhm2ggIuLQiSa3c7/zBNowJR/tNIFQkJFkMaPEOqlXvfIn/XsBI1IdlCt+zV8Ar5MgJxWUozkof/WHiqYCpKWcGNML/MSGGdGWUQ6zUj81kBA6ISPoOSqJABNmi5Nn+MIpQxwr7UpavFB/T2REGDMVkesUxI7NqjcX//N6qY1vwozJJLUg6XJRnHJsFZ7/j4dMA7V86gihmrlbMR0TTah1KZVcCMHqy+ukXa8Ffi14CCqNeh5HEZ2hc3SJAnSNGugONVELUaTQM3pFb571Xrx372PZWvDymVP0B97nD8SgkDI=</latexit>

50k⌦
<latexit sha1_base64="emTyMHsjlGZzl7QGLkRTE2+kG90=">AAAB8nicbZDLSgMxFIbP1Fsdb1WXboKt4KrMFEQ3YsGNOyvYC7RDyaSZNjSTDElGKEPBl3DjQhG37n0Pd76N6WWhrT8EPv7/HHLOCRPOtPG8bye3srq2vpHfdLe2d3b3CvsHDS1TRWidSC5VK8SaciZo3TDDaStRFMchp81weD3Jmw9UaSbFvRklNIhxX7CIEWys1S6decPObUz7uNQtFL2yNxVaBn8OxatP9/IRAGrdwlenJ0kaU2EIx1q3fS8xQYaVYYTTsdtJNU0wGeI+bVsUOKY6yKYjj9GJdXookso+YdDU/d2R4VjrURzayhibgV7MJuZ/WTs10UWQMZGkhgoy+yhKOTISTfZHPaYoMXxkARPF7KyIDLDCxNgrufYI/uLKy9ColH2v7N/5xWoFZsrDERzDKfhwDlW4gRrUgYCEJ3iBV8c4z86b8z4rzTnznkP4I+fjBx43ke8=</latexit><latexit sha1_base64="rhXjSqozY7+KAilpgZTPTZsofQg=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBhPBU9gNiB4DXrwZwTwgWcLspDcZMo9lZlYISz7DiwdFvPo13vwbJ8keNLGgoajqprsrSjgz1ve/vcLG5tb2TnG3tLd/cHhUPj5pG5VqCi2quNLdiBjgTELLMsuhm2ggIuLQiSa3c7/zBNowJR/tNIFQkJFkMaPEOqlXvfIn/XsBI1IdlCt+zV8Ar5MgJxWUozkof/WHiqYCpKWcGNML/MSGGdGWUQ6zUj81kBA6ISPoOSqJABNmi5Nn+MIpQxwr7UpavFB/T2REGDMVkesUxI7NqjcX//N6qY1vwozJJLUg6XJRnHJsFZ7/j4dMA7V86gihmrlbMR0TTah1KZVcCMHqy+ukXa8Ffi14CCqNeh5HEZ2hc3SJAnSNGugONVELUaTQM3pFb571Xrx372PZWvDymVP0B97nD8SgkDI=</latexit> 100µF

<latexit sha1_base64="mRbR84IGO6vQg4EbpqDR+RLCO7A=">AAAB8XicbZDLSgMxFIbP1FutVasu3QRbwVXJdKPLgiAuW7AXbIeSSTNtaJIZkoxQSt/CjQtF3PoCPoc7dz6K6WWhrT8EPv7/HHLOCRPBjcX4y8tsbG5t72R3c3v5/YPDwtFx08SppqxBYxHrdkgME1yxhuVWsHaiGZGhYK1wdD3LWw9MGx6rOztOWCDJQPGIU2KddV/yMe7KFN2UeoUiLuO50Dr4SyhW8x/1bwCo9Qqf3X5MU8mUpYIY0/FxYoMJ0ZZTwaa5bmpYQuiIDFjHoSKSmWAyn3iKzp3TR1Gs3VMWzd3fHRMijRnL0FVKYodmNZuZ/2Wd1EZXwYSrJLVM0cVHUSqQjdFsfdTnmlErxg4I1dzNiuiQaEKtO1LOHcFfXXkdmpWyj8t+3S9WK7BQFk7hDC7Ah0uowi3UoAEUFDzCM7x4xnvyXr23RWnGW/acwB957z9Bj5F9</latexit><latexit sha1_base64="kXhNqn5vh6PKZZNPixyRk4IIejQ=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CbaCp5LtRY8FQTxWsB/YLiWbZtvQJLskWaEs/RdePCji1X/jzX9j2u5BWx8MPN6bYWZemAhuLMbfXmFjc2t7p7hb2ts/ODwqH5+0TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknN3O/88S04bF6sNOEBZKMFI84JdZJj1Uf475M0W11UK7gGl4ArRM/JxXI0RyUv/rDmKaSKUsFMabn48QGGdGWU8FmpX5qWELohIxYz1FFJDNBtrh4hi6cMkRRrF0pixbq74mMSGOmMnSdktixWfXm4n9eL7XRdZBxlaSWKbpcFKUC2RjN30dDrhm1YuoIoZq7WxEdE02odSGVXAj+6svrpF2v+bjm3/uVRj2PowhncA6X4MMVNOAOmtACCgqe4RXePOO9eO/ex7K14OUzp/AH3ucPR0WPSA==</latexit>

100µF
<latexit sha1_base64="mRbR84IGO6vQg4EbpqDR+RLCO7A=">AAAB8XicbZDLSgMxFIbP1FutVasu3QRbwVXJdKPLgiAuW7AXbIeSSTNtaJIZkoxQSt/CjQtF3PoCPoc7dz6K6WWhrT8EPv7/HHLOCRPBjcX4y8tsbG5t72R3c3v5/YPDwtFx08SppqxBYxHrdkgME1yxhuVWsHaiGZGhYK1wdD3LWw9MGx6rOztOWCDJQPGIU2KddV/yMe7KFN2UeoUiLuO50Dr4SyhW8x/1bwCo9Qqf3X5MU8mUpYIY0/FxYoMJ0ZZTwaa5bmpYQuiIDFjHoSKSmWAyn3iKzp3TR1Gs3VMWzd3fHRMijRnL0FVKYodmNZuZ/2Wd1EZXwYSrJLVM0cVHUSqQjdFsfdTnmlErxg4I1dzNiuiQaEKtO1LOHcFfXXkdmpWyj8t+3S9WK7BQFk7hDC7Ah0uowi3UoAEUFDzCM7x4xnvyXr23RWnGW/acwB957z9Bj5F9</latexit><latexit sha1_base64="kXhNqn5vh6PKZZNPixyRk4IIejQ=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CbaCp5LtRY8FQTxWsB/YLiWbZtvQJLskWaEs/RdePCji1X/jzX9j2u5BWx8MPN6bYWZemAhuLMbfXmFjc2t7p7hb2ts/ODwqH5+0TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknN3O/88S04bF6sNOEBZKMFI84JdZJj1Uf475M0W11UK7gGl4ArRM/JxXI0RyUv/rDmKaSKUsFMabn48QGGdGWU8FmpX5qWELohIxYz1FFJDNBtrh4hi6cMkRRrF0pixbq74mMSGOmMnSdktixWfXm4n9eL7XRdZBxlaSWKbpcFKUC2RjN30dDrhm1YuoIoZq7WxEdE02odSGVXAj+6svrpF2v+bjm3/uVRj2PowhncA6X4MMVNOAOmtACCgqe4RXePOO9eO/ex7K14OUzp/AH3ucPR0WPSA==</latexit>

R3
<latexit sha1_base64="hPwpgrxZVd01Vg2GcP+h3aFl1Zc=">AAAB7HicbZDNTgIxFIXvoCLiH+rSTSOYuCIzuNAliRuXYBwggQnplA40tJ1J2zEhE57BjQuNcetz+AzujC9j+VkoeJImX865N733hgln2rjul5Pb2NzKbxd2irt7+weHpaPjlo5TRahPYh6rTog15UxS3zDDaSdRFIuQ03Y4vpnl7QeqNIvlvZkkNBB4KFnECDbW8it3/ctKv1R2q+5caB28JZTr+eb3BwA0+qXP3iAmqaDSEI617npuYoIMK8MIp9NiL9U0wWSMh7RrUWJBdZDNh52ic+sMUBQr+6RBc/d3R4aF1hMR2kqBzUivZjPzv6ybmug6yJhMUkMlWXwUpRyZGM02RwOmKDF8YgETxeysiIywwsTY+xTtEbzVldehVat6btVreuV6DRYqwCmcwQV4cAV1uIUG+ECAwSM8w4sjnSfn1XlblOacZc8J/JHz/gN9Zo/3</latexit><latexit sha1_base64="rBSw/Cpnn3N3cbx97IugzuldwlA=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCSxsUTjAQlcyN6yBxv29i67cyaE8BtsLDTG1h9k579xgSsUfMkkL+/NZGZemEph0HW/ncLG5tb2TnG3tLd/cHhUPj5pmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7dxvP3FtRKIecZLyIKZDJSLBKFrJrz70r6r9csWtuQuQdeLlpAI5mv3yV2+QsCzmCpmkxnQ9N8VgSjUKJvms1MsMTykb0yHvWqpozE0wXRw7IxdWGZAo0bYUkoX6e2JKY2MmcWg7Y4ojs+rNxf+8bobRTTAVKs2QK7ZcFGWSYELmn5OB0JyhnFhCmRb2VsJGVFOGNp+SDcFbfXmdtOo1z615916lUc/jKMIZnMMleHANDbiDJvjAQMAzvMKbo5wX5935WLYWnHzmFP7A+fwBh3qNxQ==</latexit>

R3
<latexit sha1_base64="hPwpgrxZVd01Vg2GcP+h3aFl1Zc=">AAAB7HicbZDNTgIxFIXvoCLiH+rSTSOYuCIzuNAliRuXYBwggQnplA40tJ1J2zEhE57BjQuNcetz+AzujC9j+VkoeJImX865N733hgln2rjul5Pb2NzKbxd2irt7+weHpaPjlo5TRahPYh6rTog15UxS3zDDaSdRFIuQ03Y4vpnl7QeqNIvlvZkkNBB4KFnECDbW8it3/ctKv1R2q+5caB28JZTr+eb3BwA0+qXP3iAmqaDSEI617npuYoIMK8MIp9NiL9U0wWSMh7RrUWJBdZDNh52ic+sMUBQr+6RBc/d3R4aF1hMR2kqBzUivZjPzv6ybmug6yJhMUkMlWXwUpRyZGM02RwOmKDF8YgETxeysiIywwsTY+xTtEbzVldehVat6btVreuV6DRYqwCmcwQV4cAV1uIUG+ECAwSM8w4sjnSfn1XlblOacZc8J/JHz/gN9Zo/3</latexit><latexit sha1_base64="rBSw/Cpnn3N3cbx97IugzuldwlA=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsstCSxsUTjAQlcyN6yBxv29i67cyaE8BtsLDTG1h9k579xgSsUfMkkL+/NZGZemEph0HW/ncLG5tb2TnG3tLd/cHhUPj5pmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px7dxvP3FtRKIecZLyIKZDJSLBKFrJrz70r6r9csWtuQuQdeLlpAI5mv3yV2+QsCzmCpmkxnQ9N8VgSjUKJvms1MsMTykb0yHvWqpozE0wXRw7IxdWGZAo0bYUkoX6e2JKY2MmcWg7Y4ojs+rNxf+8bobRTTAVKs2QK7ZcFGWSYELmn5OB0JyhnFhCmRb2VsJGVFOGNp+SDcFbfXmdtOo1z615916lUc/jKMIZnMMleHANDbiDJvjAQMAzvMKbo5wX5935WLYWnHzmFP7A+fwBh3qNxQ==</latexit>

R1
<latexit sha1_base64="OiATfuthShb2v2JeaZ61DXxXVVs=">AAAB7HicbZDNTgIxFIXvoCLiH+rSTSOYuCJTNrgkceMSjAMkMCGd0oGGTmfSdkzIhGdw40Jj3PocPoM748tYfhYKnqTJl3PuTe+9QSK4Nq775eS2tnfyu4W94v7B4dFx6eS0reNUUebRWMSqGxDNBJfMM9wI1k0UI1EgWCeY3MzzzgNTmsfy3kwT5kdkJHnIKTHW8ip3A1wZlMpu1V0IbQJeQbmRb31/AEBzUPrsD2OaRkwaKojWPewmxs+IMpwKNiv2U80SQidkxHoWJYmY9rPFsDN0aZ0hCmNlnzRo4f7uyEik9TQKbGVEzFivZ3Pzv6yXmvDaz7hMUsMkXX4UpgKZGM03R0OuGDViaoFQxe2siI6JItTY+xTtEfD6ypvQrlWxW8UtXG7UYKkCnMMFXAGGOjTgFprgAQUOj/AML450npxX521ZmnNWPWfwR877D3pcj/U=</latexit><latexit sha1_base64="kz2k/Ynrbe3p4MVs8ZM951OPJnU=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRLZc9EjixSMaF0xgQ7qlCw3ddtN2TciG3+DFg8Z49Qd5899YYA8KvmSSl/dmMjMvSgU31ve/vdLG5tb2Tnm3srd/cHhUPT7pGJVpygKqhNKPETFMcMkCy61gj6lmJIkE60aTm7nffWLacCUf7DRlYUJGksecEuukoH4/wPVBteY3/AXQOsEFqUGB9qD61R8qmiVMWiqIMT3spzbMibacCjar9DPDUkInZMR6jkqSMBPmi2Nn6MIpQxQr7UpatFB/T+QkMWaaRK4zIXZsVr25+J/Xy2x8HeZcppllki4XxZlAVqH552jINaNWTB0hVHN3K6Jjogm1Lp+KCwGvvrxOOs0G9hv4DtdazSKOMpzBOVwChitowS20IQAKHJ7hFd486b14797HsrXkFTOn8Afe5w+EcI3D</latexit>

R1
<latexit sha1_base64="OiATfuthShb2v2JeaZ61DXxXVVs=">AAAB7HicbZDNTgIxFIXvoCLiH+rSTSOYuCJTNrgkceMSjAMkMCGd0oGGTmfSdkzIhGdw40Jj3PocPoM748tYfhYKnqTJl3PuTe+9QSK4Nq775eS2tnfyu4W94v7B4dFx6eS0reNUUebRWMSqGxDNBJfMM9wI1k0UI1EgWCeY3MzzzgNTmsfy3kwT5kdkJHnIKTHW8ip3A1wZlMpu1V0IbQJeQbmRb31/AEBzUPrsD2OaRkwaKojWPewmxs+IMpwKNiv2U80SQidkxHoWJYmY9rPFsDN0aZ0hCmNlnzRo4f7uyEik9TQKbGVEzFivZ3Pzv6yXmvDaz7hMUsMkXX4UpgKZGM03R0OuGDViaoFQxe2siI6JItTY+xTtEfD6ypvQrlWxW8UtXG7UYKkCnMMFXAGGOjTgFprgAQUOj/AML450npxX521ZmnNWPWfwR877D3pcj/U=</latexit><latexit sha1_base64="kz2k/Ynrbe3p4MVs8ZM951OPJnU=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRLZc9EjixSMaF0xgQ7qlCw3ddtN2TciG3+DFg8Z49Qd5899YYA8KvmSSl/dmMjMvSgU31ve/vdLG5tb2Tnm3srd/cHhUPT7pGJVpygKqhNKPETFMcMkCy61gj6lmJIkE60aTm7nffWLacCUf7DRlYUJGksecEuukoH4/wPVBteY3/AXQOsEFqUGB9qD61R8qmiVMWiqIMT3spzbMibacCjar9DPDUkInZMR6jkqSMBPmi2Nn6MIpQxQr7UpatFB/T+QkMWaaRK4zIXZsVr25+J/Xy2x8HeZcppllki4XxZlAVqH552jINaNWTB0hVHN3K6Jjogm1Lp+KCwGvvrxOOs0G9hv4DtdazSKOMpzBOVwChitowS20IQAKHJ7hFd486b14797HsrXkFTOn8Afe5w+EcI3D</latexit>

R2
<latexit sha1_base64="FyLNCZvRVRORTqBBG4GLzusQa18=">AAAB7HicbZC7TgJBFIbP4g3xhlraTAQTK7JLoyWJjSUYF0hgQ2aHASbMzm5mzpqQDc9gY6Extj6Hz2BnfBmHS6Hgn0zy5f/PyZxzwkQKg6775eQ2Nre2d/K7hb39g8Oj4vFJ08SpZtxnsYx1O6SGS6G4jwIlbyea0yiUvBWOb2Z564FrI2J1j5OEBxEdKjEQjKK1/PJdr1ruFUtuxZ2LrIO3hFJtu/H9AQD1XvGz249ZGnGFTFJjOp6bYJBRjYJJPi10U8MTysZ0yDsWFY24CbL5sFNyYZ0+GcTaPoVk7v7uyGhkzCQKbWVEcWRWs5n5X9ZJcXAdZEIlKXLFFh8NUkkwJrPNSV9ozlBOLFCmhZ2VsBHVlKG9T8EewVtdeR2a1YrnVryGV6pVYaE8nME5XIIHV1CDW6iDDwwEPMIzvDjKeXJenbdFac5Z9pzCHznvP3vhj/Y=</latexit><latexit sha1_base64="r7WeWj527xNn6pf6IhiEHp0bbQg=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoueiTx4hGNBRNoyHbZwobtttmdmpCG3+DFg8Z49Qd589+4QA8KvmSSl/dmMjMvTKUw6LrfTmljc2t7p7xb2ds/ODyqHp90TJJpxn2WyEQ/htRwKRT3UaDkj6nmNA4l74aTm7nffeLaiEQ94DTlQUxHSkSCUbSSX78fNOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8UgpxoFk3xW6WeGp5RN6Ij3LFU05ibIF8fOyIVVhiRKtC2FZKH+nshpbMw0Dm1nTHFsVr25+J/XyzC6DnKh0gy5YstFUSYJJmT+ORkKzRnKqSWUaWFvJWxMNWVo86nYELzVl9dJp9nw3IZ359VazSKOMpzBOVyCB1fQgltogw8MBDzDK7w5ynlx3p2PZWvJKWZO4Q+czx+F9Y3E</latexit>

R2
<latexit sha1_base64="FyLNCZvRVRORTqBBG4GLzusQa18=">AAAB7HicbZC7TgJBFIbP4g3xhlraTAQTK7JLoyWJjSUYF0hgQ2aHASbMzm5mzpqQDc9gY6Extj6Hz2BnfBmHS6Hgn0zy5f/PyZxzwkQKg6775eQ2Nre2d/K7hb39g8Oj4vFJ08SpZtxnsYx1O6SGS6G4jwIlbyea0yiUvBWOb2Z564FrI2J1j5OEBxEdKjEQjKK1/PJdr1ruFUtuxZ2LrIO3hFJtu/H9AQD1XvGz249ZGnGFTFJjOp6bYJBRjYJJPi10U8MTysZ0yDsWFY24CbL5sFNyYZ0+GcTaPoVk7v7uyGhkzCQKbWVEcWRWs5n5X9ZJcXAdZEIlKXLFFh8NUkkwJrPNSV9ozlBOLFCmhZ2VsBHVlKG9T8EewVtdeR2a1YrnVryGV6pVYaE8nME5XIIHV1CDW6iDDwwEPMIzvDjKeXJenbdFac5Z9pzCHznvP3vhj/Y=</latexit><latexit sha1_base64="r7WeWj527xNn6pf6IhiEHp0bbQg=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoueiTx4hGNBRNoyHbZwobtttmdmpCG3+DFg8Z49Qd589+4QA8KvmSSl/dmMjMvTKUw6LrfTmljc2t7p7xb2ds/ODyqHp90TJJpxn2WyEQ/htRwKRT3UaDkj6nmNA4l74aTm7nffeLaiEQ94DTlQUxHSkSCUbSSX78fNOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8UgpxoFk3xW6WeGp5RN6Ij3LFU05ibIF8fOyIVVhiRKtC2FZKH+nshpbMw0Dm1nTHFsVr25+J/XyzC6DnKh0gy5YstFUSYJJmT+ORkKzRnKqSWUaWFvJWxMNWVo86nYELzVl9dJp9nw3IZ359VazSKOMpzBOVyCB1fQgltogw8MBDzDK7w5ynlx3p2PZWvJKWZO4Q+czx+F9Y3E</latexit>

R3//R4
<latexit sha1_base64="lOQlMwKwAjZf9FihthcXaysj0yM=">AAAB8XicbZDLTgIxFIbP4A3xAuLSTSOY6AZm0ESXJG5cIpFLhMmkUzrQ0OlM2o4JmfAWblxojFvfxp1vY7ksFPyTJl/+/5z0nOPHnClt299WZmNza3snu5vb2z84zBeOim0VJZLQFol4JLs+VpQzQVuaaU67saQ49Dnt+OPbWd55olKxSDzoSUzdEA8FCxjB2liP5aZ3Wa02vauyVyjZFXsutA7OEkr1Yv8CjBpe4as/iEgSUqEJx0r1HDvWboqlZoTTaa6fKBpjMsZD2jMocEiVm84nnqIz4wxQEEnzhEZz93dHikOlJqFvKkOsR2o1m5n/Zb1EBzduykScaCrI4qMg4UhHaLY+GjBJieYTA5hIZmZFZIQlJtocKWeO4KyuvA7tWsWxK869U6rXYKEsnMApnIMD11CHO2hACwgIeIZXeLOU9WK9Wx+L0oy17DmGP7I+fwBVqJAR</latexit><latexit sha1_base64="ia5/qyVFHo+FAfPqfLOd1A6etr4=">AAAB8XicbVBNT8JAEJ3iF+IX6tHLRjDxBC2Y6JHEi0ck8hGhabbLFjZst83u1oQ0/AsvHjTGq//Gm//GBXpQ8CWTvLw3k5l5fsyZ0rb9beU2Nre2d/K7hb39g8Oj4vFJR0WJJLRNIh7Jno8V5UzQtmaa014sKQ59Trv+5Hbud5+oVCwSD3oaUzfEI8ECRrA20mO55dWr1ZZ3VfaKJbtiL4DWiZOREmRoesWvwTAiSUiFJhwr1XfsWLsplpoRTmeFQaJojMkEj2jfUIFDqtx0cfEMXRhliIJImhIaLdTfEykOlZqGvukMsR6rVW8u/uf1Ex3cuCkTcaKpIMtFQcKRjtD8fTRkkhLNp4ZgIpm5FZExlphoE1LBhOCsvrxOOrWKY1ece6fUqGVx5OEMzuESHLiGBtxBE9pAQMAzvMKbpawX6936WLbmrGzmFP7A+vwBMpqPOg==</latexit>

R3//R4
<latexit sha1_base64="lOQlMwKwAjZf9FihthcXaysj0yM=">AAAB8XicbZDLTgIxFIbP4A3xAuLSTSOY6AZm0ESXJG5cIpFLhMmkUzrQ0OlM2o4JmfAWblxojFvfxp1vY7ksFPyTJl/+/5z0nOPHnClt299WZmNza3snu5vb2z84zBeOim0VJZLQFol4JLs+VpQzQVuaaU67saQ49Dnt+OPbWd55olKxSDzoSUzdEA8FCxjB2liP5aZ3Wa02vauyVyjZFXsutA7OEkr1Yv8CjBpe4as/iEgSUqEJx0r1HDvWboqlZoTTaa6fKBpjMsZD2jMocEiVm84nnqIz4wxQEEnzhEZz93dHikOlJqFvKkOsR2o1m5n/Zb1EBzduykScaCrI4qMg4UhHaLY+GjBJieYTA5hIZmZFZIQlJtocKWeO4KyuvA7tWsWxK869U6rXYKEsnMApnIMD11CHO2hACwgIeIZXeLOU9WK9Wx+L0oy17DmGP7I+fwBVqJAR</latexit><latexit sha1_base64="ia5/qyVFHo+FAfPqfLOd1A6etr4=">AAAB8XicbVBNT8JAEJ3iF+IX6tHLRjDxBC2Y6JHEi0ck8hGhabbLFjZst83u1oQ0/AsvHjTGq//Gm//GBXpQ8CWTvLw3k5l5fsyZ0rb9beU2Nre2d/K7hb39g8Oj4vFJR0WJJLRNIh7Jno8V5UzQtmaa014sKQ59Trv+5Hbud5+oVCwSD3oaUzfEI8ECRrA20mO55dWr1ZZ3VfaKJbtiL4DWiZOREmRoesWvwTAiSUiFJhwr1XfsWLsplpoRTmeFQaJojMkEj2jfUIFDqtx0cfEMXRhliIJImhIaLdTfEykOlZqGvukMsR6rVW8u/uf1Ex3cuCkTcaKpIMtFQcKRjtD8fTRkkhLNp4ZgIpm5FZExlphoE1LBhOCsvrxOOrWKY1ece6fUqGVx5OEMzuESHLiGBtxBE9pAQMAzvMKbpawX6936WLbmrGzmFP7A+vwBMpqPOg==</latexit>

R1//R2
<latexit sha1_base64="P8TztDpwlPMsH6m8L70BtuAE3Eg=">AAAB8XicbZDLTgIxFIbPeEW8IS7dNIKJbmDKRpckblwikUuEyaRTOtDQ6UzajgmZ8BZuXGiMW9/GnW9juSwU/JMmX/7/nPScEySCa+O6387G5tb2zm5uL79/cHh0XDgptnWcKspaNBax6gZEM8ElaxluBOsmipEoEKwTjG9neeeJKc1j+WAmCfMiMpQ85JQYaz2Wmz6uVpt+rewXSm7FnQutA15CqV7sX4FVwy989QcxTSMmDRVE6x52E+NlRBlOBZvm+6lmCaFjMmQ9i5JETHvZfOIpurDOAIWxsk8aNHd/d2Qk0noSBbYyImakV7OZ+V/WS01442VcJqlhki4+ClOBTIxm66MBV4waMbFAqOJ2VkRHRBFq7JHy9gh4deV1aNcq2K3ge1yq12ChHJzBOVwChmuowx00oAUUJDzDK7w52nlx3p2PRemGs+w5hT9yPn8AT4qQDQ==</latexit><latexit sha1_base64="ynndA1U+SHZSfaDE1ChKaEuyTMc=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmI5hYwS2NliQ2lkgEjHC57C17sGFv77K7Z0Iu/AsbC42x9d/Y+W9c4AoFXzLJy3szmZkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH590dZwqyjo0FrF6CIhmgkvWMdwI9pAoRqJAsF4wuZn7vSemNI/lvZkmzIvISPKQU2Ks9Fht+7heb/uNql+uuDV3AbROcE4qkKPll78Gw5imEZOGCqJ1H7uJ8TKiDKeCzUqDVLOE0AkZsb6lkkRMe9ni4hm6sMoQhbGyJQ1aqL8nMhJpPY0C2xkRM9ar3lz8z+unJrz2Mi6T1DBJl4vCVCATo/n7aMgVo0ZMLSFUcXsromOiCDU2pJINAa++vE66jRp2a/gOV5qNPI4inME5XAKGK2jCLbSgAxQkPMMrvDnaeXHenY9la8HJZ07hD5zPHyx8jzY=</latexit>

R1//R2
<latexit sha1_base64="P8TztDpwlPMsH6m8L70BtuAE3Eg=">AAAB8XicbZDLTgIxFIbPeEW8IS7dNIKJbmDKRpckblwikUuEyaRTOtDQ6UzajgmZ8BZuXGiMW9/GnW9juSwU/JMmX/7/nPScEySCa+O6387G5tb2zm5uL79/cHh0XDgptnWcKspaNBax6gZEM8ElaxluBOsmipEoEKwTjG9neeeJKc1j+WAmCfMiMpQ85JQYaz2Wmz6uVpt+rewXSm7FnQutA15CqV7sX4FVwy989QcxTSMmDRVE6x52E+NlRBlOBZvm+6lmCaFjMmQ9i5JETHvZfOIpurDOAIWxsk8aNHd/d2Qk0noSBbYyImakV7OZ+V/WS01442VcJqlhki4+ClOBTIxm66MBV4waMbFAqOJ2VkRHRBFq7JHy9gh4deV1aNcq2K3ge1yq12ChHJzBOVwChmuowx00oAUUJDzDK7w52nlx3p2PRemGs+w5hT9yPn8AT4qQDQ==</latexit><latexit sha1_base64="ynndA1U+SHZSfaDE1ChKaEuyTMc=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmI5hYwS2NliQ2lkgEjHC57C17sGFv77K7Z0Iu/AsbC42x9d/Y+W9c4AoFXzLJy3szmZkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH590dZwqyjo0FrF6CIhmgkvWMdwI9pAoRqJAsF4wuZn7vSemNI/lvZkmzIvISPKQU2Ks9Fht+7heb/uNql+uuDV3AbROcE4qkKPll78Gw5imEZOGCqJ1H7uJ8TKiDKeCzUqDVLOE0AkZsb6lkkRMe9ni4hm6sMoQhbGyJQ1aqL8nMhJpPY0C2xkRM9ar3lz8z+unJrz2Mi6T1DBJl4vCVCATo/n7aMgVo0ZMLSFUcXsromOiCDU2pJINAa++vE66jRp2a/gOV5qNPI4inME5XAKGK2jCLbSgAxQkPMMrvDnaeXHenY9la8HJZ07hD5zPHyx8jzY=</latexit>

R4
<latexit sha1_base64="qh+TDYSgsPD1L8D0RhUds/kdQ3k=">AAAB7HicbZDNSgMxFIXvVK21/lVdugm2gqsyUwRdFty4bMVpC+1QMmmmDU0yQ5IRytBncONCEbc+h8/gTnwZ05+Fth4IfJxzL7n3hgln2rjul5Pb2NzKbxd2irt7+weHpaPjlo5TRahPYh6rTog15UxS3zDDaSdRFIuQ03Y4vpnl7QeqNIvlvZkkNBB4KFnECDbW8it3/ctKv1R2q+5caB28JZTr+eb3BwA0+qXP3iAmqaDSEI617npuYoIMK8MIp9NiL9U0wWSMh7RrUWJBdZDNh52ic+sMUBQr+6RBc/d3R4aF1hMR2kqBzUivZjPzv6ybmug6yJhMUkMlWXwUpRyZGM02RwOmKDF8YgETxeysiIywwsTY+xTtEbzVldehVat6btVreuV6DRYqwCmcwQV4cAV1uIUG+ECAwSM8w4sjnSfn1XlblOacZc8J/JHz/gN+64/4</latexit><latexit sha1_base64="ULlrayE9mbj6LxBiePL2CJtTzUg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY8FLx6rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dgobm1vbO8Xd0t7+weFR+fikZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7Ht3O//cS1EYl6xEnKg5gOlYgEo2glv/rQv6r2yxW35i5A1omXkwrkaPbLX71BwrKYK2SSGtP13BSDKdUomOSzUi8zPKVsTIe8a6miMTfBdHHsjFxYZUCiRNtSSBbq74kpjY2ZxKHtjCmOzKo3F//zuhlGN8FUqDRDrthyUZRJggmZf04GQnOGcmIJZVrYWwkbUU0Z2nxKNgRv9eV10qrXPLfm3XuVRj2PowhncA6X4ME1NOAOmuADAwHP8ApvjnJenHfnY9lacPKZU/gD5/MHiP+Nxg==</latexit>

R4
<latexit sha1_base64="qh+TDYSgsPD1L8D0RhUds/kdQ3k=">AAAB7HicbZDNSgMxFIXvVK21/lVdugm2gqsyUwRdFty4bMVpC+1QMmmmDU0yQ5IRytBncONCEbc+h8/gTnwZ05+Fth4IfJxzL7n3hgln2rjul5Pb2NzKbxd2irt7+weHpaPjlo5TRahPYh6rTog15UxS3zDDaSdRFIuQ03Y4vpnl7QeqNIvlvZkkNBB4KFnECDbW8it3/ctKv1R2q+5caB28JZTr+eb3BwA0+qXP3iAmqaDSEI617npuYoIMK8MIp9NiL9U0wWSMh7RrUWJBdZDNh52ic+sMUBQr+6RBc/d3R4aF1hMR2kqBzUivZjPzv6ybmug6yJhMUkMlWXwUpRyZGM02RwOmKDF8YgETxeysiIywwsTY+xTtEbzVldehVat6btVreuV6DRYqwCmcwQV4cAV1uIUG+ECAwSM8w4sjnSfn1XlblOacZc8J/JHz/gN+64/4</latexit><latexit sha1_base64="ULlrayE9mbj6LxBiePL2CJtTzUg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LLaCp5IUQY8FLx6rmLbQhrLZbtqlm03YnQil9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dgobm1vbO8Xd0t7+weFR+fikZZJMM+6zRCa6E1LDpVDcR4GSd1LNaRxK3g7Ht3O//cS1EYl6xEnKg5gOlYgEo2glv/rQv6r2yxW35i5A1omXkwrkaPbLX71BwrKYK2SSGtP13BSDKdUomOSzUi8zPKVsTIe8a6miMTfBdHHsjFxYZUCiRNtSSBbq74kpjY2ZxKHtjCmOzKo3F//zuhlGN8FUqDRDrthyUZRJggmZf04GQnOGcmIJZVrYWwkbUU0Z2nxKNgRv9eV10qrXPLfm3XuVRj2PowhncA6X4ME1NOAOmuADAwHP8ApvjnJenHfnY9lacPKZU/gD5/MHiP+Nxg==</latexit>

C

Figure 8: A differential integrator.

A4 Let left op amp output is uo2, according to the inverting amp Gain shown in page 30 of
Lecture 02, we have

uo2 = −R2

R1

ui2 = −2ui2 (4)

According to the the relationship between input and output of Integrator shown in page
14 of Lecture 03, we have

uo(t) = − 1

C

∫ t

0

ui1(t)

R3

dt− 1

C

∫ t

0

uo2(t)

R4

dt (5)

=
1

R3C

∫ t

0

(2ui2(t) − ui1(t))dt (6)
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initial voltage between two ports of capacitor UC(0) = 0, we have

uo(t) =
1

R3C

∫ t

0

(2ui2(t) − ui1(t))dt (7)

=
1

100 × 103 × 100 × 10−6

∫ t

0

(2ui2(t) − ui1(t))dt (8)

= 0.1

∫ t

0

(2ui2(t) − ui1(t))dt (9)

uo = 0.1

∫ t

0

(2ui2(t) − ui1(t))dt = 0 (10)

ui1(t) = 2ui2(t) = 2V (11)

uo(t) = 0.1

∫ t

0

(2ui2(t) − ui1(t))dt (12)

= 0.1

∫ t

0

(2 × 1)dt (13)

= 0.2t (14)
= 0.2 × 10 (15)
= 2V (16)

Q5 (20%) Given a low-pass filter as shown in Figure 9.

-
+

R1
<latexit sha1_base64="YAVU1v1cggJi2EG1TrOv7skaKtA=">AAAB7HicbZDLSgMxFIbPtF5qvY26dBNsBVdl4kaXBTcuqzhtoR1KJs20oZnMkGSEMvQZ3LhQxK3P4TO4EHwaTS8Lbf0h8PH/55BzTpgKro3nfTmF4tr6xmZpq7y9s7u37x4cNnWSKcp8mohEtUOimeCS+YYbwdqpYiQOBWuFo6tp3rpnSvNE3plxyoKYDCSPOCXGWn71toerPbfi1byZ0CrgBVTqxc/vdwBo9NyPbj+hWcykoYJo3cFeaoKcKMOpYJNyN9MsJXREBqxjUZKY6SCfDTtBp9bpoyhR9kmDZu7vjpzEWo/j0FbGxAz1cjY1/8s6mYkug5zLNDNM0vlHUSaQSdB0c9TnilEjxhYIVdzOiuiQKEKNvU/ZHgEvr7wKzfMa9mr4BlfqHsxVgmM4gTPAcAF1uIYG+ECBwwM8wbMjnUfnxXmdlxacRc8R/JHz9gNaBpCZ</latexit><latexit sha1_base64="W985rDzTjSVMlHYPD6Q0PWlwCaI=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRFoveiTx4hGNCySwId3ShYZud9N2TciG3+DFg8Z49Qd5899YYA8KvmSSl/dmMjMvTKUwFuNvr7SxubW9U96t7O0fHB5Vj0/aJsk04z5LZKK7ITVcCsV9K6zk3VRzGoeSd8LJ7dzvPHFtRKIe7TTlQUxHSkSCUeskv/4wIPVBtYYbeAG0TkhBalCgNah+9YcJy2KuLJPUmB7BqQ1yqq1gks8q/czwlLIJHfGeo4rG3AT54tgZunDKEEWJdqUsWqi/J3IaGzONQ9cZUzs2q95c/M/rZTa6CXKh0sxyxZaLokwim6D552goNGdWTh2hTAt3K2JjqimzLp+KC4GsvrxO2lcNghvkntSauIijDGdwDpdA4BqacAct8IGBgGd4hTdPeS/eu/exbC15xcwp/IH3+QOD1o3B</latexit>

R1
<latexit sha1_base64="YAVU1v1cggJi2EG1TrOv7skaKtA=">AAAB7HicbZDLSgMxFIbPtF5qvY26dBNsBVdl4kaXBTcuqzhtoR1KJs20oZnMkGSEMvQZ3LhQxK3P4TO4EHwaTS8Lbf0h8PH/55BzTpgKro3nfTmF4tr6xmZpq7y9s7u37x4cNnWSKcp8mohEtUOimeCS+YYbwdqpYiQOBWuFo6tp3rpnSvNE3plxyoKYDCSPOCXGWn71toerPbfi1byZ0CrgBVTqxc/vdwBo9NyPbj+hWcykoYJo3cFeaoKcKMOpYJNyN9MsJXREBqxjUZKY6SCfDTtBp9bpoyhR9kmDZu7vjpzEWo/j0FbGxAz1cjY1/8s6mYkug5zLNDNM0vlHUSaQSdB0c9TnilEjxhYIVdzOiuiQKEKNvU/ZHgEvr7wKzfMa9mr4BlfqHsxVgmM4gTPAcAF1uIYG+ECBwwM8wbMjnUfnxXmdlxacRc8R/JHz9gNaBpCZ</latexit><latexit sha1_base64="W985rDzTjSVMlHYPD6Q0PWlwCaI=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRFoveiTx4hGNCySwId3ShYZud9N2TciG3+DFg8Z49Qd5899YYA8KvmSSl/dmMjMvTKUwFuNvr7SxubW9U96t7O0fHB5Vj0/aJsk04z5LZKK7ITVcCsV9K6zk3VRzGoeSd8LJ7dzvPHFtRKIe7TTlQUxHSkSCUeskv/4wIPVBtYYbeAG0TkhBalCgNah+9YcJy2KuLJPUmB7BqQ1yqq1gks8q/czwlLIJHfGeo4rG3AT54tgZunDKEEWJdqUsWqi/J3IaGzONQ9cZUzs2q95c/M/rZTa6CXKh0sxyxZaLokwim6D552goNGdWTh2hTAt3K2JjqimzLp+KC4GsvrxO2lcNghvkntSauIijDGdwDpdA4BqacAct8IGBgGd4hTdPeS/eu/exbC15xcwp/IH3+QOD1o3B</latexit>

R2
<latexit sha1_base64="DuSGoXgHThdUMhzESQ3gN+Ow1rw=">AAAB7HicbZC7SgNBFIbPGi8x3qKWNoOJYBV202gZsLGM4iaBJITZyWwyZHZ2mTkrhCXPYGOhiK3P4TNYCD6NTi6FJv4w8PH/5zDnnCCRwqDrfjlrufWNza38dmFnd2//oHh41DBxqhn3WSxj3Qqo4VIo7qNAyVuJ5jQKJG8Go6tp3rzn2ohY3eE44d2IDpQIBaNoLb9826uWe8WSW3FnIqvgLaBUy31+vwNAvVf86PRjlkZcIZPUmLbnJtjNqEbBJJ8UOqnhCWUjOuBti4pG3HSz2bATcmadPgljbZ9CMnN/d2Q0MmYcBbYyojg0y9nU/C9rpxhedjOhkhS5YvOPwlQSjMl0c9IXmjOUYwuUaWFnJWxINWVo71OwR/CWV16FRrXiuRXvxivVXJgrDydwCufgwQXU4Brq4AMDAQ/wBM+Och6dF+d1XrrmLHqO4Y+ctx9bi5Ca</latexit><latexit sha1_base64="cAazvaj2TC+IoZyCJ3PC5+AromA=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoueiTx4hGNBRNoyHbZwobtttmdmpCG3+DFg8Z49Qd589+4QA8KvmSSl/dmMjMvTKUw6LrfTmljc2t7p7xb2ds/ODyqHp90TJJpxn2WyEQ/htRwKRT3UaDkj6nmNA4l74aTm7nffeLaiEQ94DTlQUxHSkSCUbSSX78fNOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8UgpxoFk3xW6WeGp5RN6Ij3LFU05ibIF8fOyIVVhiRKtC2FZKH+nshpbMw0Dm1nTHFsVr25+J/XyzC6DnKh0gy5YstFUSYJJmT+ORkKzRnKqSWUaWFvJWxMNWVo86nYELzVl9dJp9nw3IZ359VabhFHGc7gHC7BgytowS20wQcGAp7hFd4c5bw4787HsrXkFDOn8AfO5w+FW43C</latexit>
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Figure 9: A low-pass filter.

1. If R1 = 10KΩ, R2 = 100KΩ, determine low-frequency gain Au(dB);
2. If cutoff frequency fc = 5Hz, determine C value.
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uo(jω) = −
R2//

1
jωC

R1

ui(jω) (17)
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So
Au(jω) =

uo(jω)

ui(jω)
= −R2

R1

1

1 + jωR2C
=

Auo

1 + j ω
ωc

(18)

where Auo = −R2

R1
is low-frequency gain, ωc = 1

R2C
is cutoff angular frequency. If

R1 = 10KΩ, R2 = 100KΩ, low-frequency gain

20 log
R2

R1

= 20 log
100

10
= 20dB (19)

cutoff frequency:

fc =
ωc

2π
=

1

2πR2C
=

1

2π × 100 × 103 × C
= 5Hz (20)

so

C =
1

2π × 100 × 103 × fc
=

1

2π × 100 × 103 × 5
= 3.18 × 10−7F = 0.318µF (21)

Q6 (10%) Determine the output voltage (i.e. the mathematical expression of uo(t)) for the
differentiator circuit of Figure 10 if the input is a triangular wave of amplitude±0.2V and
frequency 1Kz. Assume C = 0.1µF , R1 = 200Ω, R2 = 10kΩ, R3 = 1Ω, Rp = 1kΩ
and ideal op-amp. The triangular wave starts at t = 0 and therefore uo(0) = 0.

-
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uo
<latexit sha1_base64="hXdbDEWXxC5H5Et55iVNXh9YFbk=">AAAB7HicbZC7SgNBFIbPGi8x3qKWNoOJYBV2bbQM2FhGcJNAsoTZyWwyZHZmmYsQljyDjYUitj6Hz2Ah+DQ6uRSa+MPAx/+fw5xz4owzbXz/y1srrG9sbhW3Szu7e/sH5cOjppZWERoSyaVqx1hTzgQNDTOctjNFcRpz2opH19O8dU+VZlLcmXFGoxQPBEsYwcZZYdX2ZLVXrvg1fya0CsECKvXC5/c7ADR65Y9uXxKbUmEIx1p3Aj8zUY6VYYTTSalrNc0wGeEB7TgUOKU6ymfDTtCZc/ookco9YdDM/d2R41TrcRq7yhSboV7OpuZ/Wcea5CrKmcisoYLMP0osR0ai6eaozxQlho8dYKKYmxWRIVaYGHefkjtCsLzyKjQvaoFfC26DSt2HuYpwAqdwDgFcQh1uoAEhEGDwAE/w7Anv0XvxXuela96i5xj+yHv7Ae2xkPo=</latexit><latexit sha1_base64="4V4L7YYAeTNRyJNxVcCfwwzAFcI=">AAAB7HicbVA9TwJBEJ3zE/ELtbTZCCZW5M5GSxIbS0w8IIEL2VsG2LC3e9ndMyEXfoONhcbY+oPs/DcucIWCL5nk5b2ZzMyLU8GN9f1vb2Nza3tnt7RX3j84PDqunJy2jMo0w5ApoXQnpgYFlxhabgV2Uo00iQW248nd3G8/oTZcyUc7TTFK6EjyIWfUOimsZX1V61eqft1fgKyToCBVKNDsV756A8WyBKVlghrTDfzURjnVljOBs3IvM5hSNqEj7DoqaYImyhfHzsilUwZkqLQraclC/T2R08SYaRK7zoTasVn15uJ/Xjezw9so5zLNLEq2XDTMBLGKzD8nA66RWTF1hDLN3a2EjammzLp8yi6EYPXlddK6rgd+PXgIqg2/iKME53ABVxDADTTgHpoQAgMOz/AKb570Xrx372PZuuEVM2fwB97nDxeQjiI=</latexit>

R1
<latexit sha1_base64="YAVU1v1cggJi2EG1TrOv7skaKtA=">AAAB7HicbZDLSgMxFIbPtF5qvY26dBNsBVdl4kaXBTcuqzhtoR1KJs20oZnMkGSEMvQZ3LhQxK3P4TO4EHwaTS8Lbf0h8PH/55BzTpgKro3nfTmF4tr6xmZpq7y9s7u37x4cNnWSKcp8mohEtUOimeCS+YYbwdqpYiQOBWuFo6tp3rpnSvNE3plxyoKYDCSPOCXGWn71toerPbfi1byZ0CrgBVTqxc/vdwBo9NyPbj+hWcykoYJo3cFeaoKcKMOpYJNyN9MsJXREBqxjUZKY6SCfDTtBp9bpoyhR9kmDZu7vjpzEWo/j0FbGxAz1cjY1/8s6mYkug5zLNDNM0vlHUSaQSdB0c9TnilEjxhYIVdzOiuiQKEKNvU/ZHgEvr7wKzfMa9mr4BlfqHsxVgmM4gTPAcAF1uIYG+ECBwwM8wbMjnUfnxXmdlxacRc8R/JHz9gNaBpCZ</latexit><latexit sha1_base64="W985rDzTjSVMlHYPD6Q0PWlwCaI=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRFoveiTx4hGNCySwId3ShYZud9N2TciG3+DFg8Z49Qd5899YYA8KvmSSl/dmMjMvTKUwFuNvr7SxubW9U96t7O0fHB5Vj0/aJsk04z5LZKK7ITVcCsV9K6zk3VRzGoeSd8LJ7dzvPHFtRKIe7TTlQUxHSkSCUeskv/4wIPVBtYYbeAG0TkhBalCgNah+9YcJy2KuLJPUmB7BqQ1yqq1gks8q/czwlLIJHfGeo4rG3AT54tgZunDKEEWJdqUsWqi/J3IaGzONQ9cZUzs2q95c/M/rZTa6CXKh0sxyxZaLokwim6D552goNGdWTh2hTAt3K2JjqimzLp+KC4GsvrxO2lcNghvkntSauIijDGdwDpdA4BqacAct8IGBgGd4hTdPeS/eu/exbC15xcwp/IH3+QOD1o3B</latexit>

R1
<latexit sha1_base64="YAVU1v1cggJi2EG1TrOv7skaKtA=">AAAB7HicbZDLSgMxFIbPtF5qvY26dBNsBVdl4kaXBTcuqzhtoR1KJs20oZnMkGSEMvQZ3LhQxK3P4TO4EHwaTS8Lbf0h8PH/55BzTpgKro3nfTmF4tr6xmZpq7y9s7u37x4cNnWSKcp8mohEtUOimeCS+YYbwdqpYiQOBWuFo6tp3rpnSvNE3plxyoKYDCSPOCXGWn71toerPbfi1byZ0CrgBVTqxc/vdwBo9NyPbj+hWcykoYJo3cFeaoKcKMOpYJNyN9MsJXREBqxjUZKY6SCfDTtBp9bpoyhR9kmDZu7vjpzEWo/j0FbGxAz1cjY1/8s6mYkug5zLNDNM0vlHUSaQSdB0c9TnilEjxhYIVdzOiuiQKEKNvU/ZHgEvr7wKzfMa9mr4BlfqHsxVgmM4gTPAcAF1uIYG+ECBwwM8wbMjnUfnxXmdlxacRc8R/JHz9gNaBpCZ</latexit><latexit sha1_base64="W985rDzTjSVMlHYPD6Q0PWlwCaI=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRjDxRFoveiTx4hGNCySwId3ShYZud9N2TciG3+DFg8Z49Qd5899YYA8KvmSSl/dmMjMvTKUwFuNvr7SxubW9U96t7O0fHB5Vj0/aJsk04z5LZKK7ITVcCsV9K6zk3VRzGoeSd8LJ7dzvPHFtRKIe7TTlQUxHSkSCUeskv/4wIPVBtYYbeAG0TkhBalCgNah+9YcJy2KuLJPUmB7BqQ1yqq1gks8q/czwlLIJHfGeo4rG3AT54tgZunDKEEWJdqUsWqi/J3IaGzONQ9cZUzs2q95c/M/rZTa6CXKh0sxyxZaLokwim6D552goNGdWTh2hTAt3K2JjqimzLp+KC4GsvrxO2lcNghvkntSauIijDGdwDpdA4BqacAct8IGBgGd4hTdPeS/eu/exbC15xcwp/IH3+QOD1o3B</latexit>

R2
<latexit sha1_base64="DuSGoXgHThdUMhzESQ3gN+Ow1rw=">AAAB7HicbZC7SgNBFIbPGi8x3qKWNoOJYBV202gZsLGM4iaBJITZyWwyZHZ2mTkrhCXPYGOhiK3P4TNYCD6NTi6FJv4w8PH/5zDnnCCRwqDrfjlrufWNza38dmFnd2//oHh41DBxqhn3WSxj3Qqo4VIo7qNAyVuJ5jQKJG8Go6tp3rzn2ohY3eE44d2IDpQIBaNoLb9826uWe8WSW3FnIqvgLaBUy31+vwNAvVf86PRjlkZcIZPUmLbnJtjNqEbBJJ8UOqnhCWUjOuBti4pG3HSz2bATcmadPgljbZ9CMnN/d2Q0MmYcBbYyojg0y9nU/C9rpxhedjOhkhS5YvOPwlQSjMl0c9IXmjOUYwuUaWFnJWxINWVo71OwR/CWV16FRrXiuRXvxivVXJgrDydwCufgwQXU4Brq4AMDAQ/wBM+Och6dF+d1XrrmLHqO4Y+ctx9bi5Ca</latexit><latexit sha1_base64="cAazvaj2TC+IoZyCJ3PC5+AromA=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoueiTx4hGNBRNoyHbZwobtttmdmpCG3+DFg8Z49Qd589+4QA8KvmSSl/dmMjMvTKUw6LrfTmljc2t7p7xb2ds/ODyqHp90TJJpxn2WyEQ/htRwKRT3UaDkj6nmNA4l74aTm7nffeLaiEQ94DTlQUxHSkSCUbSSX78fNOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8UgpxoFk3xW6WeGp5RN6Ij3LFU05ibIF8fOyIVVhiRKtC2FZKH+nshpbMw0Dm1nTHFsVr25+J/XyzC6DnKh0gy5YstFUSYJJmT+ORkKzRnKqSWUaWFvJWxMNWVo86nYELzVl9dJp9nw3IZ359VabhFHGc7gHC7BgytowS20wQcGAp7hFd4c5bw4787HsrXkFDOn8AfO5w+FW43C</latexit>

R2
<latexit sha1_base64="DuSGoXgHThdUMhzESQ3gN+Ow1rw=">AAAB7HicbZC7SgNBFIbPGi8x3qKWNoOJYBV202gZsLGM4iaBJITZyWwyZHZ2mTkrhCXPYGOhiK3P4TNYCD6NTi6FJv4w8PH/5zDnnCCRwqDrfjlrufWNza38dmFnd2//oHh41DBxqhn3WSxj3Qqo4VIo7qNAyVuJ5jQKJG8Go6tp3rzn2ohY3eE44d2IDpQIBaNoLb9826uWe8WSW3FnIqvgLaBUy31+vwNAvVf86PRjlkZcIZPUmLbnJtjNqEbBJJ8UOqnhCWUjOuBti4pG3HSz2bATcmadPgljbZ9CMnN/d2Q0MmYcBbYyojg0y9nU/C9rpxhedjOhkhS5YvOPwlQSjMl0c9IXmjOUYwuUaWFnJWxINWVo71OwR/CWV16FRrXiuRXvxivVXJgrDydwCufgwQXU4Brq4AMDAQ/wBM+Och6dF+d1XrrmLHqO4Y+ctx9bi5Ca</latexit><latexit sha1_base64="cAazvaj2TC+IoZyCJ3PC5+AromA=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoueiTx4hGNBRNoyHbZwobtttmdmpCG3+DFg8Z49Qd589+4QA8KvmSSl/dmMjMvTKUw6LrfTmljc2t7p7xb2ds/ODyqHp90TJJpxn2WyEQ/htRwKRT3UaDkj6nmNA4l74aTm7nffeLaiEQ94DTlQUxHSkSCUbSSX78fNOuDas1tuAuQdeIVpAYF2oPqV3+YsCzmCpmkxvQ8N8UgpxoFk3xW6WeGp5RN6Ij3LFU05ibIF8fOyIVVhiRKtC2FZKH+nshpbMw0Dm1nTHFsVr25+J/XyzC6DnKh0gy5YstFUSYJJmT+ORkKzRnKqSWUaWFvJWxMNWVo86nYELzVl9dJp9nw3IZ359VabhFHGc7gHC7BgytowS20wQcGAp7hFd4c5bw4787HsrXkFDOn8AfO5w+FW43C</latexit>

R3
<latexit sha1_base64="NXJvVWasIFmLQ6AibKy4lGy30ck=">AAAB7HicbZC7SgNBFIbPGi8x3qKWNoOJYBV2tdAyYGMZxU0CyRJmJyfJkNnZZWZWCEuewcZCEVufw2ewEHwanVwKTfxh4OP/z2HOOWEiuDau++Ws5FbX1jfym4Wt7Z3dveL+QV3HqWLos1jEqhlSjYJL9A03ApuJQhqFAhvh8GqSN+5RaR7LOzNKMIhoX/IeZ9RYyy/fds7LnWLJrbhTkWXw5lCq5j6/3wGg1il+tLsxSyOUhgmqdctzExNkVBnOBI4L7VRjQtmQ9rFlUdIIdZBNhx2TE+t0SS9W9klDpu7vjoxGWo+i0FZG1Az0YjYx/8taqeldBhmXSWpQstlHvVQQE5PJ5qTLFTIjRhYoU9zOStiAKsqMvU/BHsFbXHkZ6mcVz614N16p6sJMeTiCYzgFDy6gCtdQAx8YcHiAJ3h2pPPovDivs9IVZ95zCH/kvP0AXRCQmw==</latexit><latexit sha1_base64="NFwqNFVrsZNHsp2IcdriDCEfk8M=">AAAB7HicbVBNS8NAEJ34WetX1aOXxVbwVBI96LHgxWMV0xbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/nbX1jc2t7dJOeXdv/+CwcnTc0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGiv5tYf+Va1fqbp1dw6ySryCVKFAs1/56g0SlsUoDRNU667npibIqTKcCZyWe5nGlLIxHWLXUklj1EE+P3ZKzq0yIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYlugpzLNDMo2WJRlAliEjL7nAy4QmbExBLKFLe3EjaiijJj8ynbELzll1dJ67LuuXXv3qs23CKOEpzCGVyAB9fQgDtogg8MODzDK7w50nlx3p2PReuaU8ycwB84nz+G4I3D</latexit>

R3
<latexit sha1_base64="NXJvVWasIFmLQ6AibKy4lGy30ck=">AAAB7HicbZC7SgNBFIbPGi8x3qKWNoOJYBV2tdAyYGMZxU0CyRJmJyfJkNnZZWZWCEuewcZCEVufw2ewEHwanVwKTfxh4OP/z2HOOWEiuDau++Ws5FbX1jfym4Wt7Z3dveL+QV3HqWLos1jEqhlSjYJL9A03ApuJQhqFAhvh8GqSN+5RaR7LOzNKMIhoX/IeZ9RYyy/fds7LnWLJrbhTkWXw5lCq5j6/3wGg1il+tLsxSyOUhgmqdctzExNkVBnOBI4L7VRjQtmQ9rFlUdIIdZBNhx2TE+t0SS9W9klDpu7vjoxGWo+i0FZG1Az0YjYx/8taqeldBhmXSWpQstlHvVQQE5PJ5qTLFTIjRhYoU9zOStiAKsqMvU/BHsFbXHkZ6mcVz614N16p6sJMeTiCYzgFDy6gCtdQAx8YcHiAJ3h2pPPovDivs9IVZ95zCH/kvP0AXRCQmw==</latexit><latexit sha1_base64="NFwqNFVrsZNHsp2IcdriDCEfk8M=">AAAB7HicbVBNS8NAEJ34WetX1aOXxVbwVBI96LHgxWMV0xbaUDbbSbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/nbX1jc2t7dJOeXdv/+CwcnTc0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGiv5tYf+Va1fqbp1dw6ySryCVKFAs1/56g0SlsUoDRNU667npibIqTKcCZyWe5nGlLIxHWLXUklj1EE+P3ZKzq0yIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYlugpzLNDMo2WJRlAliEjL7nAy4QmbExBLKFLe3EjaiijJj8ynbELzll1dJ67LuuXXv3qs23CKOEpzCGVyAB9fQgDtogg8MODzDK7w50nlx3p2PReuaU8ycwB84nz+G4I3D</latexit>

Rp
<latexit sha1_base64="lDIPnxCxrSVUVBdhPkGrx0Rv/C0=">AAAB7HicbZA9SwNBEIbn4leMXzGWNouJYBXubLQM2FhG8ZJAEsLeZi9Zsrd37M4J4Uhra2OhiKCNP8jOf+Pmo9DEFxYe3neGnZkgkcKg6347ubX1jc2t/HZhZ3dv/6B4WGqYONWM+yyWsW4F1HApFPdRoOStRHMaBZI3g9HVNG/ec21ErO5wnPBuRAdKhIJRtJZfue0llV6x7FbdmcgqeAso10ofD+8AUO8Vvzr9mKURV8gkNabtuQl2M6pRMMknhU5qeELZiA5426KiETfdbDbshJxap0/CWNunkMzc3x0ZjYwZR4GtjCgOzXI2Nf/L2imGl91MqCRFrtj8ozCVBGMy3Zz0heYM5dgCZVrYWQkbUk0Z2vsU7BG85ZVXoXFe9dyqd+OVay7MlYdjOIEz8OACanANdfCBgYBHeIYXRzlPzqvzNi/NOYueI/gj5/MHuFSQGQ==</latexit><latexit sha1_base64="Px+9yvVVPmo3u2ARYmL31wBQCPA=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoveiTx4hGNBRJoyHaZwobtttndmpCG3+DFg8Z49Qd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczv3OEyrNE/lopikGMR1JHnFGjZX8+sMgrQ+qNbfhLkDWiVeQGhRoDapf/WHCshilYYJq3fPc1AQ5VYYzgbNKP9OYUjahI+xZKmmMOsgXx87IhVWGJEqULWnIQv09kdNY62kc2s6YmrFe9ebif14vM9FNkHOZZgYlWy6KMkFMQuafkyFXyIyYWkKZ4vZWwsZUUWZsPhUbgrf68jppXzU8t+Hde7WmW8RRhjM4h0vw4BqacAct8IEBh2d4hTdHOi/Ou/OxbC05xcwp/IHz+QPjkY4A</latexit>

Rp
<latexit sha1_base64="lDIPnxCxrSVUVBdhPkGrx0Rv/C0=">AAAB7HicbZA9SwNBEIbn4leMXzGWNouJYBXubLQM2FhG8ZJAEsLeZi9Zsrd37M4J4Uhra2OhiKCNP8jOf+Pmo9DEFxYe3neGnZkgkcKg6347ubX1jc2t/HZhZ3dv/6B4WGqYONWM+yyWsW4F1HApFPdRoOStRHMaBZI3g9HVNG/ec21ErO5wnPBuRAdKhIJRtJZfue0llV6x7FbdmcgqeAso10ofD+8AUO8Vvzr9mKURV8gkNabtuQl2M6pRMMknhU5qeELZiA5426KiETfdbDbshJxap0/CWNunkMzc3x0ZjYwZR4GtjCgOzXI2Nf/L2imGl91MqCRFrtj8ozCVBGMy3Zz0heYM5dgCZVrYWQkbUk0Z2vsU7BG85ZVXoXFe9dyqd+OVay7MlYdjOIEz8OACanANdfCBgYBHeIYXRzlPzqvzNi/NOYueI/gj5/MHuFSQGQ==</latexit><latexit sha1_base64="Px+9yvVVPmo3u2ARYmL31wBQCPA=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFoveiTx4hGNBRJoyHaZwobtttndmpCG3+DFg8Z49Qd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczv3OEyrNE/lopikGMR1JHnFGjZX8+sMgrQ+qNbfhLkDWiVeQGhRoDapf/WHCshilYYJq3fPc1AQ5VYYzgbNKP9OYUjahI+xZKmmMOsgXx87IhVWGJEqULWnIQv09kdNY62kc2s6YmrFe9ebif14vM9FNkHOZZgYlWy6KMkFMQuafkyFXyIyYWkKZ4vZWwsZUUWZsPhUbgrf68jppXzU8t+Hde7WmW8RRhjM4h0vw4BqacAct8IEBh2d4hTdHOi/Ou/OxbC05xcwp/IHz+QPjkY4A</latexit>

C

Figure 10: A differentiator circuit.

A6 We assume that voltmeter is used to measure the output voltage uo. In general, the
resistance value of voltmeter RVM is about 1GΩ 1. In addition, R3 is in series with RVM

in the circuit. The relationship between uo and uop−o is uo(RVM + R3) = uop−oRVM .
Furthermore, RVM >> R3. So uo ≈ uop−o.
We set s = jw, then uopi− = uopi+ = 0. IR1 = ui/Z, where Z = R1 + 1

sC
. IR2 =

−uo/R2. According to KCL, IR1 = IR2 . Then sCuin

1+sR1C
= − uo

R2
. Then uo = −R2sCuin

1+sR1C
.

Since 1 >> R1C, uo ≈ −R2sCuin = −R2jωCuin, which is the totally same the
relationship between input and output of differentiator circuit shown in the page 15 of
Lecture 03 by using impedance representation shown in the page 11 of Lecture 03.

1https://en.wikipedia.org/wiki/Voltmeter
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According to the page 15 of Lecture 03, we have

uo ≈ −R2C
duin(t)

dt
, (22)

where for the triangular wave input, duin(t)
dt

= ±(0.2 − (−0.2))/0.5 = ±0.8.

Figure 11: waveform.

Q7 (10%) An ADC is used to sample an analog signal.
ADC Type 1: Integrating ADC

I Accumulate the input current on a capacitor for a fixed time
I Then measure time (T) to discharge the capacitor
I When cap is discharged to 0 V, comparator will stop the counter

Limination: Slow

27 / 31

Figure 12: Integrating ADC.

1. If the maximum frequency of the analog signal is 10kHz, determine the minimum
sampling frequency.

2. As shown in Figure 12, if the ADC is integrating ADC with 10 bits and clock
frequency is 1MHz, determine the maximum conversion frequency.

A7 20kHz conversion time T = 2n+1Tc, Tc = 1/106, T = 2.048ms.

Q8 (10%) Let us consider the Schmitt Trigger shown in Figure 13.

1. Due to the manufacturing defects, a parasitic resister R3 occurs between the output
node and ground, calculate the reference voltages.

2. If the parasitic device is a capacitor C, sketch vout versus vin. Label the key
coordinates on the curve.

9



A0

R1

Vin

V +

V �

Vout

R2

Figure 13: Schmitt Trigger.

A8 1. According to the properties of comparator, when vin is small, vout = vsat and

v+

R2

=
vout − v+

R1

, (23)

i.e.,

v+ =
R2

R1 +R2

vsat. (24)

Similarly, if vin is large, we have

v+ = − R2

R1 +R2

vsat. (25)

Therefore two reference voltages are given by R2

R1+R2
vsat and − R2

R1+R2
vsat.

2. vout start to change when vin reaches references above. However, due to the existing
capacitor, voltage cannot change immediately (Changes fast, then slowly).

Figure 14: A8(2).
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