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Objetivos

O objetivo da presente aula é apresentar, resolver e discutir exemplos introdutórios
da modelagem de sistemas elétricos no contexto da dinâmica de sistemas.

Bibliografia:

1 Felício, L. C., Modelagem da Dinâmica de Sistemas e Estudo da Resposta, Rima, 2010
2 Doebelin, E. O., System Dynamics, Modeling, Analysis, Simulation, Design, M. Dekker, 1998
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<latexit sha1_base64="ssrxf/+dC4pIEgWCd88bLMYXnoI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoheh4MVjFfsBbSib7aRd3WzC7kYoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDt4vJ767SdUmsfy3owT9CM6lDzkjBortZBckTveL1fcqjsDWSZeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROSr1UY0LZIx1i11JJI9R+Nrt2Qk6sMiBhrGxJQ2bq74mMRlqPo8B2RtSM9KI3Ff/zuqkJL/2MyyQ1KNl8UZgKYmIyfZ0MuEJmxNgSyhS3txI2oooyYwMq2RC8xZeXSeus6tWq57e1Sr2Wx1GEIziGU/DgAupwAw1oAoMHeIZXeHNi58V5dz7mrQUnnzmEP3A+fwBdJo5N</latexit>

e(t) =
1

C

Z t

t0

i(t) dt

<latexit sha1_base64="UK8mymSTzbJ5Z07JeSOhH4ExiQI=">AAACIXicbVBNS8NAFNz4bf2qevSyWAS9lEQq9iIIXjwq2FZoathsXnRxswm7L0II+Ste/CtePCjiTfwzbmsP2jqwMMzM4+2bMJPCoOt+OjOzc/MLi0vLtZXVtfWN+uZW16S55tDhqUz1dcgMSKGggwIlXGcaWBJK6IX3Z0O/9wDaiFRdYZHBIGG3SsSCM7RSUG/DPh7QE+rHmvHSq8qzivqRMJlkhcFCgi8UBiUGbnVTYkXFMO7TCIN6w226I9Bp4o1Jg4xxEdQ//CjleQIKuWTG9D03w0HJNAouoar5uYGM8Xt2C31LFUvADMrRhRXds0pE41Tbp5CO1N8TJUuMKZLQJhOGd2bSG4r/ef0c4/agFCrLERT/WRTnkmJKh3XRSGjgKAtLGNfC/pXyO2a7QltqzZbgTZ48TbqHTa/VPLpsNU5b4zqWyA7ZJfvEI8fklJyTC9IhnDySZ/JK3pwn58V5dz5+ojPOeGab/IHz9Q1pF6MI</latexit>

E(s) = RI(s)

<latexit sha1_base64="JdqM0U/Jr5k3PxtTOgJdXC+m7Zg=">AAAB9HicbZDLSsNAFIZP6q3WW9Wlm8Ei1E1JJKIboSCC7qrYC7ShTKaTduhkEmcmhRL6HG5cKOLWh3Hn2zhts9DWHwY+/nMO58zvx5wpbdvfVm5ldW19I79Z2Nre2d0r7h80VJRIQusk4pFs+VhRzgSta6Y5bcWS4tDntOkPr6f15ohKxSLxqMcx9ULcFyxgBGtjeTdldYqu0AO6M9AtluyKPRNaBieDEmSqdYtfnV5EkpAKTThWqu3YsfZSLDUjnE4KnUTRGJMh7tO2QYFDqrx0dvQEnRinh4JImic0mrm/J1IcKjUOfdMZYj1Qi7Wp+V+tnejg0kuZiBNNBZkvChKOdISmCaAek5RoPjaAiWTmVkQGWGKiTU4FE4Kz+OVlaJxVHLdyfu+Wqm4WRx6O4BjK4MAFVOEWalAHAk/wDK/wZo2sF+vd+pi35qxs5hD+yPr8AY/jj/s=</latexit>

e(t) = L
di

dt

<latexit sha1_base64="3pcvUfmmtYtnLLRvV8pLykdxuFM=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IR6qUkUtGLUPDiwUMF+wFtKZvNpl262YTdiVBCwL/ixYMiXv0d3vw3btsctPXBwOO9GWbmebHgGhzn2yqsrK6tbxQ3S1vbO7t79v5BS0eJoqxJIxGpjkc0E1yyJnAQrBMrRkJPsLY3vpn67UemNI/kA0xi1g/JUPKAUwJGGthHrAJn+Brf9QJFaOrzLPUhG9hlp+rMgJeJm5MyytEY2F89P6JJyCRQQbTuuk4M/ZQo4FSwrNRLNIsJHZMh6xoqSch0P52dn+FTo/g4iJQpCXim/p5ISaj1JPRMZ0hgpBe9qfif100guOqnXMYJMEnni4JEYIjwNAvsc8UoiIkhhCpubsV0REwOYBIrmRDcxZeXSeu86taqF/e1cr2Wx1FEx+gEVZCLLlEd3aIGaiKKUvSMXtGb9WS9WO/Wx7y1YOUzh+gPrM8fKk2U9w==</latexit>

E(s) = Ls I(s)

<latexit sha1_base64="nzvqr3+GtTe8FALIf80RKg3ubS0=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8Ei1E1JpEU3QkEEBRcV7AXaUCbTSTt0Mgkzk0IJfRM3LhRx65u4822ctllo6w8DH/85h3Pm92POlHacbyu3tr6xuZXfLuzs7u0f2IdHTRUlktAGiXgk2z5WlDNBG5ppTtuxpDj0OW35o5tZvTWmUrFIPOlJTL0QDwQLGMHaWD3bvi2pc3SNHhTqonvDPbvolJ250Cq4GRQhU71nf3X7EUlCKjThWKmO68TaS7HUjHA6LXQTRWNMRnhAOwYFDqny0vnlU3RmnD4KImme0Gju/p5IcajUJPRNZ4j1UC3XZuZ/tU6igysvZSJONBVksShIONIRmsWA+kxSovnEACaSmVsRGWKJiTZhFUwI7vKXV6F5UXYr5epjpVirZHHk4QROoQQuXEIN7qAODSAwhmd4hTcrtV6sd+tj0Zqzsplj+CPr8wfi/JEz</latexit>
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<latexit sha1_base64="5rNwxDEnamNa7qst5WfxE0jIsn8=">AAACHHicbZBNS8MwGMdTX+d8q3r0EhzCPDhanehFGIjgcYJ7wa2UNEu3sDQtSSqM0g/ixa/ixYMiXjwIfhvTrgfdfCDkx///PCTP34sYlcqyvo2FxaXlldXSWnl9Y3Nr29zZbcswFpi0cMhC0fWQJIxy0lJUMdKNBEGBx0jHG19lfueBCElDfqcmEXECNOTUpxgpLbnmad8XCCfXbliVR6m+aXZfwmM4Ne7dxPfS3NNIc3LNilWz8oLzYBdQAUU1XfOzPwhxHBCuMENS9mwrUk6ChKKYkbTcjyWJEB6jIelp5Cgg0kny5VJ4qJUB9EOhD1cwV39PJCiQchJ4ujNAaiRnvUz8z+vFyr9wEsqjWBGOpw/5MYMqhFlScEAFwYpNNCAsqP4rxCOkQ1E6z7IOwZ5deR7aJzW7Xju7rVca9SKOEtgHB6AKbHAOGuAGNEELYPAInsEreDOejBfj3fiYti4Yxcwe+FPG1w9SU6Dg</latexit>
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Sumário Teórico

R

C

I

A-O

E(s) =
1

Cs
I(s)

<latexit sha1_base64="e81caI9uew4dpvYgfg5bdtNYD+E=">AAACAXicbVBNS8NAEJ34WetX1IvgZbEI9VISqehFKBRBbxXsB7ShbLabdulmE3Y3Qgn14l/x4kERr/4Lb/4bt20O2vpg4PHeDDPz/JgzpR3n21paXlldW89t5De3tnd27b39hooSSWidRDySLR8rypmgdc00p61YUhz6nDb9YXXiNx+oVCwS93oUUy/EfcECRrA2Utc+vC6qU3SFOoHEJHXHaVWN0a3RunbBKTlToEXiZqQAGWpd+6vTi0gSUqEJx0q1XSfWXoqlZoTTcb6TKBpjMsR92jZU4JAqL51+MEYnRumhIJKmhEZT9fdEikOlRqFvOkOsB2rem4j/ee1EB5deykScaCrIbFGQcKQjNIkD9ZikRPORIZhIZm5FZIBNFtqEljchuPMvL5LGWcktl87vyoVKOYsjB0dwDEVw4QIqcAM1qAOBR3iGV3iznqwX6936mLUuWdnMAfyB9fkDrwOVFw==</latexit>
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ei

R

C

Exemplo 1

A figura mostra o conhecido circuito R-C. Determine a F.T. Eo(s)/E_i(s). E.H.S.

+

-

eo

Hipóteses simplificadoras:

o Elementos puros e ideais
o Não há fuga de corrente elétrica no nó n

n

+

-
i
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i1

i2 iN

i1

i2

iN

…

…
X

ichegam =
X

isaem

<latexit sha1_base64="dUyJvF2ZC8JPZupG6kAYHoPc6CM=">AAACInicbVDLSgNBEJz1GeMr6tHLYBA8hV2JqAch4MVjBPOAJITeSScZMrO7zMwKy5Jv8eKvePGgqCfBj3GS7EGTFDQUVd10d/mR4Nq47rezsrq2vrGZ28pv7+zu7RcODus6jBXDGgtFqJo+aBQ8wJrhRmAzUgjSF9jwR7cTv/GISvMweDBJhB0Jg4D3OQNjpW7hut3jOhKQaJMIbOtYUt5N2RAHIMf0hi61NaAcdwtFt+ROQReJl5EiyVDtFj7bvZDFEgPDBGjd8tzIdFJQhjOB43w71hgBG8EAW5YGIFF30umLY3pqlR7th8pWYOhU/TuRgtQ6kb7tlGCGet6biMu8Vmz6V52UB1FsMGCzRf1YUBPSSV60xxUyIxJLgClub6VsCAqYsanmbQje/MuLpH5e8sqli/tysVLO4siRY3JCzohHLkmF3JEqqRFGnsgLeSPvzrPz6nw4X7PWFSebOSL/4Pz8Aqq1pY8=</latexit>

X
emalha = 0

<latexit sha1_base64="1c1skARJdGjraCjYv+GPCIddhYM=">AAACCHicbVA9SwNBEN2LXzF+RS0tXAyCVbiTiDZCwMYygvmAJIS5zSRZsnt37O4Jx5HSxr9iY6GIrT/Bzn/jJrlCEx8MPN6bYWaeHwmujet+O7mV1bX1jfxmYWt7Z3evuH/Q0GGsGNZZKELV8kGj4AHWDTcCW5FCkL7Apj++mfrNB1Sah8G9SSLsShgGfMAZGCv1isedPteRgESbRGBHx5JiL5UgRjCh19TtFUtu2Z2BLhMvIyWSodYrfnX6IYslBoYJ0LrtuZHppqAMZwInhU6sMQI2hiG2LQ1Aou6ms0cm9NQqfToIla3A0Jn6eyIFqXUifdspwYz0ojcV//PasRlcdVMeRLHBgM0XDWJBTUinqdA+V8iMSCwBpri9lbIRKGDGZlewIXiLLy+TxnnZq5Qv7iqlaiWLI0+OyAk5Ix65JFVyS2qkThh5JM/klbw5T86L8+58zFtzTjZzSP7A+fwBjNuZmw==</latexit>

Cont. ...

2-) Leis Físicas

Neste caso usaremos as Leis de Kirchhoff: 

Lei dos Nós

Lei das Malhas +

Importante: Na Lei dos nós, por nó entende-se um ponto divisor de corrente
elétrica e na Lei das Malhas, por malha entende-se um caminho fechado.

ei
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Cont. ...

1 – Sentido das correntes 1 – Percurso das Malhas

i = iC + i1

<latexit sha1_base64="7kTZbKgextHGG9vTtMCRocH409w=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSIIQtmVil6EQi8eK9gPaJeSTbNtaDa7JrOFUvo7vHhQxKs/xpv/xrTdg7Y+mOHx3gyZvCCRwqDrfjtr6xubW9u5nfzu3v7BYeHouGHiVDNeZ7GMdSughkuheB0FSt5KNKdRIHkzGFZnfnPEtRGxesRxwv2I9pUIBaNoJV+QOyK6VXJpu9ctFN2SOwdZJV5GipCh1i18dXoxSyOukElqTNtzE/QnVKNgkk/zndTwhLIh7fO2pYpG3PiT+dFTcm6VHgljbUshmau/NyY0MmYcBXYyojgwy95M/M9rpxje+hOhkhS5YouHwlQSjMksAdITmjOUY0so08LeStiAasrQ5pS3IXjLX14ljauSVy5dP5SLlXIWRw5O4QwuwIMbqMA91KAODJ7gGV7hzRk5L86787EYXXOynRP4A+fzBwtKkEs=</latexit>

i = iC

<latexit sha1_base64="kSjmxIiOMN4dNG9c3px/00LD1VI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoheh0IvHCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1g0pj7nSdUmsfy0UwT9CM6kjzkjBordTi5I3zQGJQrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwls/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddK+qnq16vVDrVKv5XEU4QzO4RI8uIE63EMTWsBgAs/wCm9O4rw4787HsrXg5DOn8AfO5w8DTI6r</latexit>

X

n

ichegam =
X

n

isaem

<latexit sha1_base64="kvkjS5ZZyCFl+EL01ejyHn83ShI=">AAACEHicbVC7SgNBFJ31GeMramkzGESrsCsRbYSAjWUE84BkWWYnd5MhM7PLzKwQlv0EG3/FxkIRW0s7/8bJo4iJBy4czrmXe+8JE860cd0fZ2V1bX1js7BV3N7Z3dsvHRw2dZwqCg0a81i1Q6KBMwkNwwyHdqKAiJBDKxzejv3WIyjNYvlgRgn4gvQlixglxkpB6ayrUxFkMscsyOgA+kTk+AbPq5qAyINS2a24E+Bl4s1IGc1QD0rf3V5MUwHSUE607nhuYvyMKMMoh7zYTTUkhA5JHzqWSiJA+9nkoRyfWqWHo1jZkgZP1PmJjAitRyK0nYKYgV70xuJ/Xic10bWfMZmkBiSdLopSjk2Mx+ngHlNADR9ZQqhi9lZMB0QRamyGRRuCt/jyMmleVLxq5fK+Wq5VZ3EU0DE6QefIQ1eohu5QHTUQRU/oBb2hd+fZeXU+nM9p64ozmzlCf+B8/QJVhJ1f</latexit>

Para o nó n: 

X
eI = 0

<latexit sha1_base64="oRf1BnyNQkpNshsyorOrDjomxgk=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKexKRC9CwIveIpgHJGuYnXSSIbOzy8ysEpb8hxcPinj1X7z5N06SPWhiQUNR1U13VxALro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1QqoRsEl1g03AluxQhoGApvB6HrqNx9RaR7JezOO0Q/pQPI+Z9RY6aGjk5BgN72dkCvidoslt+zOQJaJl5ESZKh1i1+dXsSSEKVhgmrd9tzY+ClVhjOBk0In0RhTNqIDbFsqaYjaT2dXT8iJVXqkHylb0pCZ+nsipaHW4zCwnSE1Q73oTcX/vHZi+pd+ymWcGJRsvqifCGIiMo2A9LhCZsTYEsoUt7cSNqSKMmODKtgQvMWXl0njrOxVyud3lVK1ksWRhyM4hlPw4AKqcAM1qAMDBc/wCm/Ok/PivDsf89ack80cwh84nz8HdZGD</latexit>

+ �ei +Ri+
1

C

Z t

0
i dt = 0

<latexit sha1_base64="SUUVQrpp3jxWpGK1ThhN5haNxCs=">AAACFnicbVDLSgMxFM34rPVVdekmWARBWmakohuh0I3LKvYBnTpk0kwbmskMyR2hDPMVbvwVNy4UcSvu/BvTx0JbD9zL4Zx7Se7xY8E12Pa3tbS8srq2ntvIb25t7+wW9vabOkoUZQ0aiUi1faKZ4JI1gINg7VgxEvqCtfxhbey3HpjSPJJ3MIpZNyR9yQNOCRjJK5RKzOP4FN+OmxsoQlMnS2uZyyV4qZ3dp5Bhjl3cA3xle4WiXbYnwIvEmZEimqHuFb7cXkSTkEmggmjdcewYuilRwKlgWd5NNIsJHZI+6xgqSch0N52cleFjo/RwEClTEvBE/b2RklDrUeibyZDAQM97Y/E/r5NAcNlNuYwTYJJOHwoSgSHC44xwjytGQYwMIVRx81dMB8RkAybJvAnBmT95kTTPyk6lfH5TKVYrszhy6BAdoRPkoAtURdeojhqIokf0jF7Rm/VkvVjv1sd0dMma7RygP7A+fwCyWZ0w</latexit>

Para a malha I: 

e
o

=
1

C

Z
t

0
i dt

<latexit sha1_base64="XUDz5VZVm8myfe61nYtkU+2HSXQ=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwVRKp6EYodOOygn1AU8NkOmmHTiZh5kYoIT/gxl9x40IRt+7d+TdOHwttPXDhcM693HtPkAiuwXG+rcLK6tr6RnGztLW9s7tn7x+0dJwqypo0FrHqBEQzwSVrAgfBOoliJAoEawej+sRvPzCleSzvYJywXkQGkoecEjCSb58wP8bX2AsVoZmbZ/Xc4xL8zMnvM8gxxx7ug2+XnYozBV4m7pyU0RwN3/7y+jFNIyaBCqJ113US6GVEAaeC5SUv1SwhdEQGrGuoJBHTvWz6TY5PjdLHYaxMScBT9fdERiKtx1FgOiMCQ73oTcT/vG4K4VUv4zJJgUk6WxSmAkOMJ9HgPleMghgbQqji5lZMh8QEAybAkgnBXXx5mbTOK261cnFbLdeq8ziK6AgdozPkoktUQzeogZqIokf0jF7Rm/VkvVjv1sestWDNZw7RH1ifP1JYmw4=</latexit>

Nos terminais do Capacitor:

0



7
Prof. Paulo S. Varoto

SEM 0533 SEM 0232 
Prof. Luiz A. M. Gonçalves

E
o

(s) =
1

C
I(s)

<latexit sha1_base64="2Ouiwmaaz++GpMk4rRSMzSC6NtU=">AAACBHicbVDLSsNAFJ34rPUVddnNYBHqpiRS0Y1QKILuKtgHNCFMppN26GQmzEyEErpw46+4caGIWz/CnX/jtM1CWw9cOJxzL/feEyaMKu0439bK6tr6xmZhq7i9s7u3bx8ctpVIJSYtLJiQ3RApwignLU01I91EEhSHjHTCUWPqdx6IVFTwez1OiB+jAacRxUgbKbBL14GoqFN4Bb1IIpy5k6wxgR68NWJgl52qMwNcJm5OyiBHM7C/vL7AaUy4xgwp1XOdRPsZkppiRiZFL1UkQXiEBqRnKEcxUX42e2ICT4zSh5GQpriGM/X3RIZipcZxaDpjpIdq0ZuK/3m9VEeXfkZ5kmrC8XxRlDKoBZwmAvtUEqzZ2BCEJTW3QjxEJgxtciuaENzFl5dJ+6zq1qrnd7VyvZbHUQAlcAwqwAUXoA5uQBO0AAaP4Bm8gjfryXqx3q2PeeuKlc8cgT+wPn8AfwiWDA==</latexit>

�Ei(s) +RI(s) +
1

C
I(s) = 0

<latexit sha1_base64="v7LV3oN2Kn1RT7vwwrSprO8rAwc=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6VQEUsiFd0IhSLorop9QBvCZDpph04mYWYilJAvcOOvuHGhiFvX7vwbp2kX2nrgcg/n3MvMPV7EqFSW9W3klpZXVtfy64WNza3tHXN3ryXDWGDSxCELRcdDkjDKSVNRxUgnEgQFHiNtb1Sf+O0HIiQN+b0aR8QJ0IBTn2KktOSapZMrl5blETyGdzfT3vMFwomdJvU0Uy6h5ZpFq2JlgIvEnpEimKHhml+9fojjgHCFGZKya1uRchIkFMWMpIVeLEmE8AgNSFdTjgIinSQ7J4UlrfShHwpdXMFM/b2RoEDKceDpyQCpoZz3JuJ/XjdW/oWTUB7FinA8fciPGVQhnGQD+1QQrNhYE4QF1X+FeIh0GkonWNAh2PMnL5LWacWuVs5uq8VadRZHHhyAQ1AGNjgHNXANGqAJMHgEz+AVvBlPxovxbnxMR3PGbGcf/IHx+QMsB5hg</latexit>

Cont. ...

Agora, aplicando a T.L. às três relações temos

I(s) = IC(s)

<latexit sha1_base64="Uf4TOZVH1cjRb//4FfvfbhgAJBA=">AAAB9HicbZDLSsNAFIZP6q3WW9Wlm8Ei1E1JJKIbodCN3VWwF2hDmUwn7dDJJM5MCiX0Ody4UMStD+POt3HaZqGtPwx8/OcczpnfjzlT2ra/rdzG5tb2Tn63sLd/cHhUPD5pqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsf1+b19oRKxSLxqKcx9UI8FCxgBGtjefWyukR3qN6vGegXS3bFXgitg5NBCTI1+sWv3iAiSUiFJhwr1XXsWHsplpoRTmeFXqJojMkYD2nXoMAhVV66OHqGLowzQEEkzRMaLdzfEykOlZqGvukMsR6p1drc/K/WTXRw66VMxImmgiwXBQlHOkLzBNCASUo0nxrARDJzKyIjLDHRJqeCCcFZ/fI6tK4qjlu5fnBLVTeLIw9ncA5lcOAGqnAPDWgCgSd4hld4sybWi/VufSxbc1Y2cwp/ZH3+AN+gkC8=</latexit>

i = iC

<latexit sha1_base64="kSjmxIiOMN4dNG9c3px/00LD1VI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoheh0IvHCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0gE18Z1v53CxubW9k5xt7S3f3B4VD4+aes4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1g0pj7nSdUmsfy0UwT9CM6kjzkjBordTi5I3zQGJQrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwls/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddK+qnq16vVDrVKv5XEU4QzO4RI8uIE63EMTWsBgAs/wCm9O4rw4787HsrXg5DOn8AfO5w8DTI6r</latexit>

�ei +Ri+
1

C

Z t

0
i dt = 0

<latexit sha1_base64="SUUVQrpp3jxWpGK1ThhN5haNxCs=">AAACFnicbVDLSgMxFM34rPVVdekmWARBWmakohuh0I3LKvYBnTpk0kwbmskMyR2hDPMVbvwVNy4UcSvu/BvTx0JbD9zL4Zx7Se7xY8E12Pa3tbS8srq2ntvIb25t7+wW9vabOkoUZQ0aiUi1faKZ4JI1gINg7VgxEvqCtfxhbey3HpjSPJJ3MIpZNyR9yQNOCRjJK5RKzOP4FN+OmxsoQlMnS2uZyyV4qZ3dp5Bhjl3cA3xle4WiXbYnwIvEmZEimqHuFb7cXkSTkEmggmjdcewYuilRwKlgWd5NNIsJHZI+6xgqSch0N52cleFjo/RwEClTEvBE/b2RklDrUeibyZDAQM97Y/E/r5NAcNlNuYwTYJJOHwoSgSHC44xwjytGQYwMIVRx81dMB8RkAybJvAnBmT95kTTPyk6lfH5TKVYrszhy6BAdoRPkoAtURdeojhqIokf0jF7Rm/VkvVjv1sd0dMma7RygP7A+fwCyWZ0w</latexit>

e
o

=
1

C

Z
t

0
i dt

<latexit sha1_base64="XUDz5VZVm8myfe61nYtkU+2HSXQ=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwVRKp6EYodOOygn1AU8NkOmmHTiZh5kYoIT/gxl9x40IRt+7d+TdOHwttPXDhcM693HtPkAiuwXG+rcLK6tr6RnGztLW9s7tn7x+0dJwqypo0FrHqBEQzwSVrAgfBOoliJAoEawej+sRvPzCleSzvYJywXkQGkoecEjCSb58wP8bX2AsVoZmbZ/Xc4xL8zMnvM8gxxx7ug2+XnYozBV4m7pyU0RwN3/7y+jFNIyaBCqJ113US6GVEAaeC5SUv1SwhdEQGrGuoJBHTvWz6TY5PjdLHYaxMScBT9fdERiKtx1FgOiMCQ73oTcT/vG4K4VUv4zJJgUk6WxSmAkOMJ9HgPleMghgbQqji5lZMh8QEAybAkgnBXXx5mbTOK261cnFbLdeq8ziK6AgdozPkoktUQzeogZqIokf0jF7Rm/VkvVjv1sestWDNZw7RH1ifP1JYmw4=</latexit>

L

<latexit sha1_base64="k05XcBCRPgF0Aqz+GOKXJv8C+7U=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclUQquiy4ceGign1AG8pkOmmHTiZh5kYooZ/hxoUibv0ad/6NkzYLbT0wcDjnXubcEyRSGHTdb2dtfWNza7u0U97d2z84rBwdt02casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek9vc7zxxbUSsHnGacD+iIyVCwShaqdePKI4Zldn9bFCpujV3DrJKvIJUoUBzUPnqD2OWRlwhk9SYnucm6GdUo2CSz8r91PCEsgkd8Z6likbc+Nk88oycW2VIwljbp5DM1d8bGY2MmUaBncwjmmUvF//zeimGN34mVJIiV2zxUZhKgjHJ7ydDoTlDObWEMi1sVsLGVFOGtqWyLcFbPnmVtC9rXr129VCvNupFHSU4hTO4AA+uoQF30IQWMIjhGV7hzUHnxXl3Phaja06xcwJ/4Hz+AH9nkVw=</latexit>

L

<latexit sha1_base64="k05XcBCRPgF0Aqz+GOKXJv8C+7U=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclUQquiy4ceGign1AG8pkOmmHTiZh5kYooZ/hxoUibv0ad/6NkzYLbT0wcDjnXubcEyRSGHTdb2dtfWNza7u0U97d2z84rBwdt02casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek9vc7zxxbUSsHnGacD+iIyVCwShaqdePKI4Zldn9bFCpujV3DrJKvIJUoUBzUPnqD2OWRlwhk9SYnucm6GdUo2CSz8r91PCEsgkd8Z6likbc+Nk88oycW2VIwljbp5DM1d8bGY2MmUaBncwjmmUvF//zeimGN34mVJIiV2zxUZhKgjHJ7ydDoTlDObWEMi1sVsLGVFOGtqWyLcFbPnmVtC9rXr129VCvNupFHSU4hTO4AA+uoQF30IQWMIjhGV7hzUHnxXl3Phaja06xcwJ/4Hz+AH9nkVw=</latexit>

L

<latexit sha1_base64="k05XcBCRPgF0Aqz+GOKXJv8C+7U=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclUQquiy4ceGign1AG8pkOmmHTiZh5kYooZ/hxoUibv0ad/6NkzYLbT0wcDjnXubcEyRSGHTdb2dtfWNza7u0U97d2z84rBwdt02casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek9vc7zxxbUSsHnGacD+iIyVCwShaqdePKI4Zldn9bFCpujV3DrJKvIJUoUBzUPnqD2OWRlwhk9SYnucm6GdUo2CSz8r91PCEsgkd8Z6likbc+Nk88oycW2VIwljbp5DM1d8bGY2MmUaBncwjmmUvF//zeimGN34mVJIiV2zxUZhKgjHJ7ydDoTlDObWEMi1sVsLGVFOGtqWyLcFbPnmVtC9rXr129VCvNupFHSU4hTO4AA+uoQF30IQWMIjhGV7hzUHnxXl3Phaja06xcwJ/4Hz+AH9nkVw=</latexit>

E
o

(s)

E
i

(s)
=

1

RCs+ 1

<latexit sha1_base64="dAuFGiHtk6ZUxJ5JnKz4bZhVjB4=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VoEUoiFd0IhSK4rGIf0IYwmU7aoZNJmJkIJeQb3Pgrblwo4taVO//GSZuFth4Y7uGce7lzjxcxKpVlfRuFldW19Y3iZmlre2d3z9w/6MgwFpi0cchC0fOQJIxy0lZUMdKLBEGBx0jXmzQzv/tAhKQhv1fTiDgBGnHqU4yUllyzOvAFwsm1G1ZkNdWVZhVewblup8ldU8JTaKeuWbZq1gxwmdg5KYMcLdf8GgxDHAeEK8yQlH3bipSTIKEoZiQtDWJJIoQnaET6mnIUEOkks5NSeKKVIfRDoR9XcKb+nkhQIOU08HRngNRYLnqZ+J/Xj5V/6SSUR7EiHM8X+TGDKoRZPnBIBcGKTTVBWFD9V4jHSGehdIolHYK9ePIy6ZzV7Hrt/LZebtTzOIrgCByDCrDBBWiAG9ACbYDBI3gGr+DNeDJejHfjY95aMPKZQ/AHxucPe5WcCQ==</latexit>

Combinando estas expressões na variável s temos: 
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Exemplo 2

Agora consideremos o circuito abaixo. Determine a F.T. Io(s)/Ei(s)

ei io

L

RC

ei

L

R
C

+

-

+

+ +

-

- -
ei

i

L

R
C

+

-

+

+ +

-

- -
I II

n n

Sentido Correntes Sentido Percurso Malhas

iC
ioi iC

io
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Cont. ...

Nó n: 
X

n

ichegam =
X

n

isaem

<latexit sha1_base64="kvkjS5ZZyCFl+EL01ejyHn83ShI=">AAACEHicbVC7SgNBFJ31GeMramkzGESrsCsRbYSAjWUE84BkWWYnd5MhM7PLzKwQlv0EG3/FxkIRW0s7/8bJo4iJBy4czrmXe+8JE860cd0fZ2V1bX1js7BV3N7Z3dsvHRw2dZwqCg0a81i1Q6KBMwkNwwyHdqKAiJBDKxzejv3WIyjNYvlgRgn4gvQlixglxkpB6ayrUxFkMscsyOgA+kTk+AbPq5qAyINS2a24E+Bl4s1IGc1QD0rf3V5MUwHSUE607nhuYvyMKMMoh7zYTTUkhA5JHzqWSiJA+9nkoRyfWqWHo1jZkgZP1PmJjAitRyK0nYKYgV70xuJ/Xic10bWfMZmkBiSdLopSjk2Mx+ngHlNADR9ZQqhi9lZMB0QRamyGRRuCt/jyMmleVLxq5fK+Wq5VZ3EU0DE6QefIQ1eohu5QHTUQRU/oBb2hd+fZeXU+nM9p64ozmzlCf+B8/QJVhJ1f</latexit>

+

Malhas: 

X

I

eI = 0

<latexit sha1_base64="C7/4k1GMEe7/roh5k7HhSY7UlVU=">AAAB+3icbVDLSsNAFJ3UV62vWpduBovgqiRS0Y1QcKO7CvYBbQiT6U07dCYJMxOxhPyKGxeKuPVH3Pk3TtMstPXAvRzOuZe5c/yYM6Vt+9sqra1vbG6Vtys7u3v7B9XDWldFiaTQoRGPZN8nCjgLoaOZ5tCPJRDhc+j505u533sEqVgUPuhZDK4g45AFjBJtJK9aG6pEeOldhiHv19j2qnW7YefAq8QpSB0VaHvVr+EooomAUFNOlBo4dqzdlEjNKIesMkwUxIROyRgGhoZEgHLT/PYMnxplhINImgo1ztXfGykRSs2EbyYF0RO17M3F/7xBooMrN2VhnGgI6eKhIOFYR3geBB4xCVTzmSGESmZuxXRCJKHaxFUxITjLX14l3fOG02xc3DfrrWYRRxkdoxN0hhx0iVroFrVRB1H0hJ7RK3qzMuvFerc+FqMlq9g5Qn9gff4Ao5iTfA==</latexit>

X

I

eII = 0

<latexit sha1_base64="0WK1mSzSLCq56dzIYDCWO50F6vk=">AAAB/HicbVDLSgMxFL1TX7W+Rrt0EyyCqzIjFd0IBTe6q2Af0A5DJs20ocnMkGSEYai/4saFIm79EHf+jWk7C209kNzDOfeSmxMknCntON9WaW19Y3OrvF3Z2d3bP7APjzoqTiWhbRLzWPYCrChnEW1rpjntJZJiEXDaDSY3M7/7SKVicfSgs4R6Ao8iFjKCtZF8uzpQqfDzuymi5jblGjm+XXPqzhxolbgFqUGBlm9/DYYxSQWNNOFYqb7rJNrLsdSMcDqtDFJFE0wmeET7hkZYUOXl8+Wn6NQoQxTG0pxIo7n6eyLHQqlMBKZTYD1Wy95M/M/rpzq88nIWJammEVk8FKYc6RjNkkBDJinRPDMEE8nMroiMscREm7wqJgR3+curpHNedxv1i/tGrdko4ijDMZzAGbhwCU24hRa0gUAGz/AKb9aT9WK9Wx+L1pJVzFThD6zPHz3Wk88=</latexit>

+

Aplicando Laplace temos: 

Combinando as equações temos:

i = i
C

+ i
o

<latexit sha1_base64="Y1d8YqhvUIPOUYDDGhDkFP8/6Qk=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIsgCGVGKroRCt24rGAf0A4lk2ba0EwyTTKFMvQ73LhQxK0f486/MW1noa0H7uVwzr3k5gQxZ9q47reT29jc2t7J7xb29g8Oj4rHJ00tE0Vog0guVTvAmnImaMMww2k7VhRHAaetYFSb+60JVZpJ8WSmMfUjPBAsZAQbK/kM3SPWq6Er22WvWHLL7gJonXgZKUGGeq/41e1LkkRUGMKx1h3PjY2fYmUY4XRW6CaaxpiM8IB2LBU4otpPF0fP0IVV+iiUypYwaKH+3khxpPU0CuxkhM1Qr3pz8T+vk5jwzk+ZiBNDBVk+FCYcGYnmCaA+U5QYPrUEE8XsrYgMscLE2JwKNgRv9cvrpHld9irlm8dKqVrJ4sjDGZzDJXhwC1V4gDo0gMAYnuEV3pyJ8+K8Ox/L0ZyT7ZzCHzifP2lCkIk=</latexit>

�ei + L
di

dt
+

1

C

Z t

0
iC dt = 0

<latexit sha1_base64="cc2rj9hmLHbX5mOseZQs3c0r41k="></latexit>

Ri
o

� 1

C

Z
t

0
i
C

dt = 0

<latexit sha1_base64="MfBypb6h95+n/sCSDf+LgPJMFKU=">AAACEnicbVDLSsNAFJ3UV62vqks3g0XQhSWRim6EQjcuq9gHNDVMppN26GQSZm6EEvINbvwVNy4UcevKnX/j9LHQ1gMXDufcy733+LHgGmz728otLa+sruXXCxubW9s7xd29po4SRVmDRiJSbZ9oJrhkDeAgWDtWjIS+YC1/WBv7rQemNI/kHYxi1g1JX/KAUwJG8oont9yL8Cl2A0Vo6mRpLXO5BC+1s3vA3KthF/cAX2HbK5bssj0BXiTOjJTQDHWv+OX2IpqETAIVROuOY8fQTYkCTgXLCm6iWUzokPRZx1BJQqa76eSlDB8ZpYeDSJmSgCfq74mUhFqPQt90hgQGet4bi/95nQSCy27KZZwAk3S6KEgEhgiP88E9rhgFMTKEUMXNrZgOiAkHTIoFE4Iz//IiaZ6VnUr5/KZSqlZmceTRATpEx8hBF6iKrlEdNRBFj+gZvaI368l6sd6tj2lrzprN7KM/sD5/ADcem90=</latexit>

I(s) = I
C

(s) + I
o

(s)

<latexit sha1_base64="Jb75UdySR2NvDspD9b15XvvO0/U=">AAAB/3icbZDLSgMxFIYz9VbrbVRw4yZYhIpQZqSiG6HQjd1VsBdohyGTpm1oJhmSjFDGLnwVNy4UcetruPNtzLSz0NYfAh//OYdz8gcRo0o7zreVW1ldW9/Ibxa2tnd29+z9g5YSscSkiQUTshMgRRjlpKmpZqQTSYLCgJF2MK6l9fYDkYoKfq8nEfFCNOR0QDHSxvLto3pJncEbWPdrKZwbEAZ8u+iUnZngMrgZFEGmhm9/9foCxyHhGjOkVNd1Iu0lSGqKGZkWerEiEcJjNCRdgxyFRHnJ7P4pPDVOHw6ENI9rOHN/TyQoVGoSBqYzRHqkFmup+V+tG+vBtZdQHsWacDxfNIgZ1AKmYcA+lQRrNjGAsKTmVohHSCKsTWQFE4K7+OVlaF2U3Ur58q5SrFayOPLgGJyAEnDBFaiCW9AATYDBI3gGr+DNerJerHfrY96as7KZQ/BH1ucPPKuTAA==</latexit>

�Ei(s) + LsI(s) +
1

Cs
Ic(s) = 0

<latexit sha1_base64="/kURDVO443IJK5enSBD6EMlsG1A=">AAACEnicbZDLSsNAFIYn9VbrLerSzWARWsSSSEU3QqEIFlxUsBdoQ5hMJ+3QySTMTIQS8gxufBU3LhRx68qdb+Ok7UKrPwx8/OcczpzfixiVyrK+jNzS8srqWn69sLG5tb1j7u61ZRgLTFo4ZKHoekgSRjlpKaoY6UaCoMBjpOON61m9c0+EpCG/U5OIOAEacupTjJS2XLN8cuXSkizDY3gjGzPo+wLhxE6TukwbLs7MS2i5ZtGqWFPBv2DPoQjmarrmZ38Q4jggXGGGpOzZVqScBAlFMSNpoR9LEiE8RkPS08hRQKSTTE9K4ZF2BtAPhX5cwan7cyJBgZSTwNOdAVIjuVjLzP9qvVj5F05CeRQrwvFskR8zqEKY5QMHVBCs2EQDwoLqv0I8QjoQpVMs6BDsxZP/Qvu0YlcrZ7fVYq06jyMPDsAhKAEbnIMauAZN0AIYPIAn8AJejUfj2Xgz3metOWM+sw9+yfj4Bm5imio=</latexit>

RI
o

(s)� 1

Cs
I
C

(s) = 0

<latexit sha1_base64="LnZx4JHkPwdSS1b1K8rILXhNB5A=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoC0siFd0IhW7srop9QBvCZDpph04yYWYilJCtG3/FjQtF3PoH7vwbJ20W2nrgwuGce7n3Hi9iVCrL+jYKK6tr6xvFzdLW9s7unrl/0JE8Fpi0MWdc9DwkCaMhaSuqGOlFgqDAY6TrTRqZ330gQlIe3qtpRJwAjULqU4yUllwT3jVdXpGn8AwOfIFwYqdJQ6ZNt5GJ19ByzbJVtWaAy8TOSRnkaLnm12DIcRyQUGGGpOzbVqScBAlFMSNpaRBLEiE8QSPS1zREAZFOMvskhSdaGUKfC12hgjP190SCAimngac7A6TGctHLxP+8fqz8KyehYRQrEuL5Ij9mUHGYxQKHVBCs2FQThAXVt0I8RjoQpcMr6RDsxZeXSee8ateqF7e1cr2Wx1EER+AYVIANLkEd3IAWaAMMHsEzeAVvxpPxYrwbH/PWgpHPHII/MD5/AJC3l6o=</latexit>

I
o

(s)

E
i

(s)
=

1
R

LC

R

s2 + L

R

s+ 1

<latexit sha1_base64="gG5jT2G24h2qPrdt97uQOu1UEtc="></latexit>
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Exemplo 3
Consideremos agora o circuito abaixo. Determine a F.T. Eo(s)/Ei(s)

R1 R2

C1 C2ei eo

+

+

-
-

Seguimos o mesmo procedimento: 

Hipóteses:
• Elementos Puros e Ideais
• Sem fuga de corrente em n2

n2

+
+ +

+ +

+

+

+ +

+ +

+

-

- -

- -
-

-

-

-

-

-
-

ei

R1 R2

C1 C2 eo

n2

ei

R1 R2

C1 C2 eo

n2n1 n1

i i1

i2

i I IIi2

i = 0 i = 0

n1
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Escrevemos as equações para os nós e malhas: 

Cont. ...

Nó n1: 
X

n1

ichegam =
X

n1

isaem

<latexit sha1_base64="8AaSRDhTYjBEvEEmH5MrlWKPf0k=">AAACFHicbVA9SwNBEN3zM8avU0ubxSAIQriTiDZCwMYygvmAJBx7m0myZHfv2N0TwnE/wsa/YmOhiK2Fnf/GTXKFSXww8Hhvhpl5YcyZNp7346ysrq1vbBa2its7u3v77sFhQ0eJolCnEY9UKyQaOJNQN8xwaMUKiAg5NMPR7cRvPoLSLJIPZhxDV5CBZH1GibFS4J53dCKCVAZ+hlmQ0iEMiMjwDZ7XNQGRBW7JK3tT4GXi56SEctQC97vTi2giQBrKidZt34tNNyXKMMohK3YSDTGhIzKAtqWSCNDddPpUhk+t0sP9SNmSBk/VvxMpEVqPRWg7BTFDvehNxP+8dmL6192UyTgxIOlsUT/h2ER4khDuMQXU8LElhCpmb8V0SBShxuZYtCH4iy8vk8ZF2a+UL+8rpWolj6OAjtEJOkM+ukJVdIdqqI4oekIv6A29O8/Oq/PhfM5aV5x85gjNwfn6BdU8nqc=</latexit>

i = i1 + i2

<latexit sha1_base64="lJFCiYhHILm12dJ/t0e1iqJMJa0=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSIIQtktFb0IBS8eK9gPaJeSTbNtaDa7JrOFUvo7vHhQxKs/xpv/xrTdg7Y+mOHx3gyZvCCRwqDrfjtr6xubW9u5nfzu3v7BYeHouGHiVDNeZ7GMdSughkuheB0FSt5KNKdRIHkzGN7N/OaIayNi9YjjhPsR7SsRCkbRSr4gt0R0PXJpe7lbKLoldw6ySryMFCFDrVv46vRilkZcIZPUmLbnJuhPqEbBJJ/mO6nhCWVD2udtSxWNuPEn86On5NwqPRLG2pZCMld/b0xoZMw4CuxkRHFglr2Z+J/XTjG88SdCJSlyxRYPhakkGJNZAqQnNGcox5ZQpoW9lbAB1ZShzSlvQ/CWv7xKGuWSVyldPVSK1UoWRw5O4QwuwINrqMI91KAODJ7gGV7hzRk5L86787EYXXOynRP4A+fzB/ELkDo=</latexit>

+

Malhas: 

X

I

eI = 0

<latexit sha1_base64="C7/4k1GMEe7/roh5k7HhSY7UlVU=">AAAB+3icbVDLSsNAFJ3UV62vWpduBovgqiRS0Y1QcKO7CvYBbQiT6U07dCYJMxOxhPyKGxeKuPVH3Pk3TtMstPXAvRzOuZe5c/yYM6Vt+9sqra1vbG6Vtys7u3v7B9XDWldFiaTQoRGPZN8nCjgLoaOZ5tCPJRDhc+j505u533sEqVgUPuhZDK4g45AFjBJtJK9aG6pEeOldhiHv19j2qnW7YefAq8QpSB0VaHvVr+EooomAUFNOlBo4dqzdlEjNKIesMkwUxIROyRgGhoZEgHLT/PYMnxplhINImgo1ztXfGykRSs2EbyYF0RO17M3F/7xBooMrN2VhnGgI6eKhIOFYR3geBB4xCVTzmSGESmZuxXRCJKHaxFUxITjLX14l3fOG02xc3DfrrWYRRxkdoxN0hhx0iVroFrVRB1H0hJ7RK3qzMuvFerc+FqMlq9g5Qn9gff4Ao5iTfA==</latexit>

X

I

eII = 0

<latexit sha1_base64="0WK1mSzSLCq56dzIYDCWO50F6vk=">AAAB/HicbVDLSgMxFL1TX7W+Rrt0EyyCqzIjFd0IBTe6q2Af0A5DJs20ocnMkGSEYai/4saFIm79EHf+jWk7C209kNzDOfeSmxMknCntON9WaW19Y3OrvF3Z2d3bP7APjzoqTiWhbRLzWPYCrChnEW1rpjntJZJiEXDaDSY3M7/7SKVicfSgs4R6Ao8iFjKCtZF8uzpQqfDzuymi5jblGjm+XXPqzhxolbgFqUGBlm9/DYYxSQWNNOFYqb7rJNrLsdSMcDqtDFJFE0wmeET7hkZYUOXl8+Wn6NQoQxTG0pxIo7n6eyLHQqlMBKZTYD1Wy95M/M/rpzq88nIWJammEVk8FKYc6RjNkkBDJinRPDMEE8nMroiMscREm7wqJgR3+curpHNedxv1i/tGrdko4ijDMZzAGbhwCU24hRa0gUAGz/AKb9aT9WK9Wx+L1pJVzFThD6zPHz3Wk88=</latexit>

+ R2i2 +
1

C2

Z t

0
i2 dt� 1

C1

Z t

0
i1 dt = 0

<latexit sha1_base64="DLOKcB4AeCNc4M4qq2sZyLGzZDU="></latexit>

�ei +R1i+
1

C1

Z t

0
i1 dt = 0

<latexit sha1_base64="rl20JXg6EUlXxW7/Gg+H6tV52BM=">AAACG3icbVBNSwMxEM36bf2qevQSLIIglo1U9CIIXjxWsSp065LNZtvQbHZJZoWy7P/w4l/x4kERT4IH/43Ztge1Phjm8d4MybwglcKA6345U9Mzs3PzC4uVpeWV1bXq+sa1STLNeIslMtG3ATVcCsVbIEDy21RzGgeS3wT9s9K/uefaiERdwSDlnZh2lYgEo2Alv3qwz32B9/ClT8rmRZqynBT5mU8KTyjwc7e4Ayx8gj0cAj7Brl+tuXV3CDxJyJjU0BhNv/rhhQnLYq6ASWpMm7gpdHKqQTDJi4qXGZ5S1qdd3rZU0ZibTj68rcA7VglxlGhbCvBQ/bmR09iYQRzYyZhCz/z1SvE/r51BdNzJhUoz4IqNHooyiSHBZVA4FJozkANLKNPC/hWzHrXxgI2zYkMgf0+eJNcHddKoH140aqeNcRwLaAtto11E0BE6ReeoiVqIoQf0hF7Qq/PoPDtvzvtodMoZ72yiX3A+vwH1Qp46</latexit>

i i1 i2
i i2

i = 0n1

I II

+

+ +

+ +
+

-

-

- -

-

-
ei

eo

E também devemos considerar para o capacitor C2:

e
o

=
1

C2

Z
t

0
i2 dt

<latexit sha1_base64="2oE7G94nu8j9maHfkhfgruUQ9ew=">AAACEHicbVDLSsNAFJ34rPUVdelmsIiuSlIquhEK3bisYB/Q1DCZTtqhk0mYuRFKyCe48VfcuFDErUt3/o3Tx0JbD1w4nHMv994TJIJrcJxva2V1bX1js7BV3N7Z3du3Dw5bOk4VZU0ai1h1AqKZ4JI1gYNgnUQxEgWCtYNRfeK3H5jSPJZ3ME5YLyIDyUNOCRjJt8+YH+Nr7IWK0MzNs7pfybHHJfiZk98D5n4Fe7gPvl1yys4UeJm4c1JCczR8+8vrxzSNmAQqiNZd10mglxEFnAqWF71Us4TQERmwrqGSREz3sulDOT41Sh+HsTIlAU/V3xMZibQeR4HpjAgM9aI3Ef/zuimEV72MyyQFJulsUZgKDDGepIP7XDEKYmwIoYqbWzEdEpMNmAyLJgR38eVl0qqU3Wr54rZaqlXncRTQMTpB58hFl6iGblADNRFFj+gZvaI368l6sd6tj1nrijWfOUJ/YH3+AE86m3Y=</latexit>
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E
o

(s) =
1

C2

I2(s)

s

<latexit sha1_base64="+BtImqmoF0CQmVG9h21+HqQVRUc=">AAACD3icbVDLSgMxFM3UV62vUZdugkWpmzJTKroRCkXQXQX7gLYMmTTThmaSIckIZZg/cOOvuHGhiFu37vwb03YW2nrgwsk595J7jx8xqrTjfFu5ldW19Y38ZmFre2d3z94/aCkRS0yaWDAhOz5ShFFOmppqRjqRJCj0GWn74/rUbz8Qqajg93oSkX6IhpwGFCNtJM8+vfZESZ3BK9gLJMKJmyZ1r5LOH7dexXhpolLPLjplZwa4TNyMFEGGhmd/9QYCxyHhGjOkVNd1It1PkNQUM5IWerEiEcJjNCRdQzkKieons3tSeGKUAQyENMU1nKm/JxIUKjUJfdMZIj1Si95U/M/rxjq47CeUR7EmHM8/CmIGtYDTcOCASoI1mxiCsKRmV4hHyEShTYQFE4K7ePIyaVXKbrV8flct1qpZHHlwBI5BCbjgAtTADWiAJsDgETyDV/BmPVkv1rv1MW/NWdnMIfgD6/MH+EGbWw==</latexit>

I(s) = I1(s) + I2(s)

<latexit sha1_base64="NTdTXjM6lJYGwtei7+CxKI3OZb0=">AAAB/3icbZDLSsNAFIZP6q3WW1Rw42awCBWhJKWiG6Hgxu4q2Au0IUym03bo5MLMRCixC1/FjQtF3Poa7nwbJ20W2vrDwMd/zuGc+b2IM6ks69vIrayurW/kNwtb2zu7e+b+QUuGsSC0SUIeio6HJeUsoE3FFKedSFDse5y2vfFNWm8/UCFZGNyrSUQdHw8DNmAEK2255lG9JM/QNaq7dgrnGioaXLNola2Z0DLYGRQhU8M1v3r9kMQ+DRThWMqubUXKSbBQjHA6LfRiSSNMxnhIuxoD7FPpJLP7p+hUO300CIV+gUIz9/dEgn0pJ76nO32sRnKxlpr/1bqxGlw5CQuiWNGAzBcNYo5UiNIwUJ8JShSfaMBEMH0rIiMsMFE6soIOwV788jK0KmW7Wr64qxZr1SyOPBzDCZTAhkuowS00oAkEHuEZXuHNeDJejHfjY96aM7KZQ/gj4/MHw1GSsQ==</latexit>

Cont. ...

Aplicando Laplace nas 4 equações temos:

i = i1 + i2

<latexit sha1_base64="lJFCiYhHILm12dJ/t0e1iqJMJa0=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSIIQtktFb0IBS8eK9gPaJeSTbNtaDa7JrOFUvo7vHhQxKs/xpv/xrTdg7Y+mOHx3gyZvCCRwqDrfjtr6xubW9u5nfzu3v7BYeHouGHiVDNeZ7GMdSughkuheB0FSt5KNKdRIHkzGN7N/OaIayNi9YjjhPsR7SsRCkbRSr4gt0R0PXJpe7lbKLoldw6ySryMFCFDrVv46vRilkZcIZPUmLbnJuhPqEbBJJ/mO6nhCWVD2udtSxWNuPEn86On5NwqPRLG2pZCMld/b0xoZMw4CuxkRHFglr2Z+J/XTjG88SdCJSlyxRYPhakkGJNZAqQnNGcox5ZQpoW9lbAB1ZShzSlvQ/CWv7xKGuWSVyldPVSK1UoWRw5O4QwuwINrqMI91KAODJ7gGV7hzRk5L86787EYXXOynRP4A+fzB/ELkDo=</latexit>

R2i2 +
1

C2

Z t

0
i2 dt� 1

C1

Z t

0
i1 dt = 0

<latexit sha1_base64="DLOKcB4AeCNc4M4qq2sZyLGzZDU="></latexit>

�ei +R1i+
1

C1

Z t

0
i1 dt = 0

<latexit sha1_base64="rl20JXg6EUlXxW7/Gg+H6tV52BM=">AAACG3icbVBNSwMxEM36bf2qevQSLIIglo1U9CIIXjxWsSp065LNZtvQbHZJZoWy7P/w4l/x4kERT4IH/43Ztge1Phjm8d4MybwglcKA6345U9Mzs3PzC4uVpeWV1bXq+sa1STLNeIslMtG3ATVcCsVbIEDy21RzGgeS3wT9s9K/uefaiERdwSDlnZh2lYgEo2Alv3qwz32B9/ClT8rmRZqynBT5mU8KTyjwc7e4Ayx8gj0cAj7Brl+tuXV3CDxJyJjU0BhNv/rhhQnLYq6ASWpMm7gpdHKqQTDJi4qXGZ5S1qdd3rZU0ZibTj68rcA7VglxlGhbCvBQ/bmR09iYQRzYyZhCz/z1SvE/r51BdNzJhUoz4IqNHooyiSHBZVA4FJozkANLKNPC/hWzHrXxgI2zYkMgf0+eJNcHddKoH140aqeNcRwLaAtto11E0BE6ReeoiVqIoQf0hF7Qq/PoPDtvzvtodMoZ72yiX3A+vwH1Qp46</latexit>

e
o

=
1

C2

Z
t

0
i2 dt

<latexit sha1_base64="2oE7G94nu8j9maHfkhfgruUQ9ew=">AAACEHicbVDLSsNAFJ34rPUVdelmsIiuSlIquhEK3bisYB/Q1DCZTtqhk0mYuRFKyCe48VfcuFDErUt3/o3Tx0JbD1w4nHMv994TJIJrcJxva2V1bX1js7BV3N7Z3du3Dw5bOk4VZU0ai1h1AqKZ4JI1gYNgnUQxEgWCtYNRfeK3H5jSPJZ3ME5YLyIDyUNOCRjJt8+YH+Nr7IWK0MzNs7pfybHHJfiZk98D5n4Fe7gPvl1yys4UeJm4c1JCczR8+8vrxzSNmAQqiNZd10mglxEFnAqWF71Us4TQERmwrqGSREz3sulDOT41Sh+HsTIlAU/V3xMZibQeR4HpjAgM9aI3Ef/zuimEV72MyyQFJulsUZgKDDGepIP7XDEKYmwIoYqbWzEdEpMNmAyLJgR38eVl0qqU3Wr54rZaqlXncRTQMTpB58hFl6iGblADNRFFj+gZvaI368l6sd6tj1nrijWfOUJ/YH3+AE86m3Y=</latexit>

�Ei(s) +R1I(s) +
1

C1s
I1(s) = 0

<latexit sha1_base64="5VJgnhftmaTGuqgCN2Hk3Tkpt34=">AAACFnicbZDLSgMxFIYzXmu9jbp0EyxCRVomUtGNUCiC3VWxF2iHIZNm2tDMhSQjlGGewo2v4saFIm7FnW9jpu1CW38IfPznHE7O70acSWVZ38bS8srq2npuI7+5tb2za+7tt2QYC0KbJOSh6LhYUs4C2lRMcdqJBMW+y2nbHdWyevuBCsnC4F6NI2r7eBAwjxGstOWYpdK1w4ryBJ7COwfVp9TzBCYJSpOag2QK6w7K/CtoOWbBKlsTwUVAMyiAmRqO+dXrhyT2aaAIx1J2kRUpO8FCMcJpmu/FkkaYjPCAdjUG2KfSTiZnpfBYO33ohUK/QMGJ+3siwb6UY9/VnT5WQzlfy8z/at1YeZd2woIoVjQg00VezKEKYZYR7DNBieJjDZgIpv8KyRDrTJROMq9DQPMnL0LrrIwq5fPbSqFamcWRA4fgCBQBAhegCm5AAzQBAY/gGbyCN+PJeDHejY9p65IxmzkAf2R8/gAhWprz</latexit>

R2I2(s) +
1

C2s
I2(s)�

1

C1s
I1(s) = 0

<latexit sha1_base64="njMEyU7hEoHAWLfI76nDlY34KeU=">AAACJnicbZDLSsNAFIYn9VbrLerSzWARKmJJQkU3hUI3uqtiL9CWMJlO2qGTCzMToYQ8jRtfxY2Liog7H8VJmkWt/jDw851zOHN+J2RUSMP40gpr6xubW8Xt0s7u3v6BfnjUEUHEMWnjgAW85yBBGPVJW1LJSC/kBHkOI11n2kzr3SfCBQ38RzkLydBDY5+6FCOpkK3XH2zrzrYq4hxewIHLEY7NJG7alkhgzi+XuZlxM+V1aNh62agameBfY+amDHK1bH0+GAU48ogvMUNC9E0jlMMYcUkxI0lpEAkSIjxFY9JX1kceEcM4OzOBZ4qMoBtw9XwJM7o8ESNPiJnnqE4PyYlYraXwv1o/ku7NMKZ+GEni48UiN2JQBjDNDI4oJ1iymTIIc6r+CvEEqUykSrakQjBXT/5rOlbVrFWv7mvlRi2PowhOwCmoABNcgwa4BS3QBhg8g1cwB+/ai/amfWifi9aCls8cg1/Svn8AN4KhRw==</latexit>
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E
o

(s)

E
i

(s)
=

1

R1R2C1C2s2 + (R1C1 +R1C2 +R2C2) s+ 1

<latexit sha1_base64="FBeBWXyH4iHbQtbpooVy5ujpZeM="></latexit>

Cont. ...
De onde obtemos a F.T. desejada:

Consideremos agora:

R1
R2

C1 C2ei eo

Conexão em Cascata

e
o1

<latexit sha1_base64="eJbhBbSv9aghnOOdA1Whk2J4SzQ=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV2J6DHgxWME84BkCbOTTjJmdmaZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEsGN9f1vb219Y3Nru7BT3N3bPzgsHR03jUo1wwZTQul2RA0KLrFhuRXYTjTSOBLYisa3M7/1hNpwJR/sJMEwpkPJB5xR66Qm9jIVTHulsl/x5yCrJMhJGXLUe6Wvbl+xNEZpmaDGdAI/sWFGteVM4LTYTQ0mlI3pEDuOShqjCbP5tVNy7pQ+GSjtSloyV39PZDQ2ZhJHrjOmdmSWvZn4n9dJ7eAmzLhMUouSLRYNUkGsIrPXSZ9rZFZMHKFMc3crYSOqKbMuoKILIVh+eZU0LytBtXJ1Xy3XqnkcBTiFM7iAAK6hBndQhwYweIRneIU3T3kv3rv3sWhd8/KZE/gD7/MHgOSPDA==</latexit>
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E
o

(s)

E
i

(s)
=

1

R1R2C1C2s2 + (R1C1 +R2C2)s+ 1

<latexit sha1_base64="QOUZ0DTiHWLTmR7vTWWQkZVd22U="></latexit>

1

R1C1s+ 1

<latexit sha1_base64="wHrPyt4KG79PqP/ubrAP4p1Hnq8=">AAAB/3icbVDLSgNBEOyNrxhfq4IXL4NBEISwIxE9BnLxGMU8IAnL7GQ2GTL7YGZWCOse/BUvHhTx6m9482+cJHvQxIKGoqqb7i4vFlxpx/m2Ciura+sbxc3S1vbO7p69f9BSUSIpa9JIRLLjEcUED1lTcy1YJ5aMBJ5gbW9cn/rtByYVj8J7PYlZPyDDkPucEm0k1z5CPV8SmuIsvXNx3cUKnSOcuXbZqTgzoGWCc1KGHA3X/uoNIpoELNRUEKW62Il1PyVScypYVuolisWEjsmQdQ0NScBUP53dn6FTowyQH0lToUYz9fdESgKlJoFnOgOiR2rRm4r/ed1E+9f9lIdxollI54v8RCAdoWkYaMAlo1pMDCFUcnMroiNi8tAmspIJAS++vExaFxVcrVzeVsu1ah5HEY7hBM4AwxXU4AYa0AQKj/AMr/BmPVkv1rv1MW8tWPnMIfyB9fkDlmuUfg==</latexit>

1

R2C2s+ 1

<latexit sha1_base64="pzxdwBVV0KVmA+80uH0lfwooDP0=">AAAB/3icbVBNS8NAEJ34WetXVPDiZbEIglCSUtFjoRePVewHtCFstpt26WYTdjdCiT34V7x4UMSrf8Ob/8Ztm4O2Phh4vDfDzLwg4Uxpx/m2VlbX1jc2C1vF7Z3dvX374LCl4lQS2iQxj2UnwIpyJmhTM81pJ5EURwGn7WBUn/rtByoVi8W9HifUi/BAsJARrI3k28eoF0pMMneS3fmVul9R6AK5E98uOWVnBrRM3JyUIEfDt796/ZikERWacKxU13US7WVYakY4nRR7qaIJJiM8oF1DBY6o8rLZ/RN0ZpQ+CmNpSmg0U39PZDhSahwFpjPCeqgWvan4n9dNdXjtZUwkqaaCzBeFKUc6RtMwUJ9JSjQfG4KJZOZWRIbY5KFNZEUTgrv48jJpVcputXx5Wy3VqnkcBTiBUzgHF66gBjfQgCYQeIRneIU368l6sd6tj3nripXPHMEfWJ8/mYKUgA==</latexit>

ei

<latexit sha1_base64="fTcwzXESzSh0rgG+jGasFGnyGYk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkRY8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpAQd8UK64VXcBsk68nFQgR3NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz1JJI9R+tjh1Ri6sMiRhrGxJQxbq74mMRlpPo8B2RtSM9ao3F//zeqkJb/yMyyQ1KNlyUZgKYmIy/5sMuUJmxNQSyhS3txI2pooyY9Mp2RC81ZfXSfuq6tWq9ftapVHL4yjCGZzDJXhwDQ24gya0gMEInuEV3hzhvDjvzseyteDkM6fwB87nD0IAjb8=</latexit>

e
o1

<latexit sha1_base64="eJbhBbSv9aghnOOdA1Whk2J4SzQ=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV2J6DHgxWME84BkCbOTTjJmdmaZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEsGN9f1vb219Y3Nru7BT3N3bPzgsHR03jUo1wwZTQul2RA0KLrFhuRXYTjTSOBLYisa3M7/1hNpwJR/sJMEwpkPJB5xR66Qm9jIVTHulsl/x5yCrJMhJGXLUe6Wvbl+xNEZpmaDGdAI/sWFGteVM4LTYTQ0mlI3pEDuOShqjCbP5tVNy7pQ+GSjtSloyV39PZDQ2ZhJHrjOmdmSWvZn4n9dJ7eAmzLhMUouSLRYNUkGsIrPXSZ9rZFZMHKFMc3crYSOqKbMuoKILIVh+eZU0LytBtXJ1Xy3XqnkcBTiFM7iAAK6hBndQhwYweIRneIU3T3kv3rv3sWhd8/KZE/gD7/MHgOSPDA==</latexit>

e
o

<latexit sha1_base64="EevBVv1vhp6VlnsubdXNruWrc24=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseCF48VTFtoQ9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbycZAns0G15tbdBcg68QpSgwKtQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni2Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroNci7TzKBky0VRJohJyPxzMuQKmRFTSyhT3N5K2JgqyozNp2JD8FZfXiftq7rXqF8/NGrNRhFHGc7gHC7Bgxtowj20wAcGHJ7hFd4c6bw4787HsrXkFDOn8AfO5w8P1Y7R</latexit>

Cont. ...

Com as F.T. individuais de cada um dos circuitos R-C temos:

E
o

(s)

E
i

(s)
=

1

R1R2C1C2s2 + (R1C1 +R1C2 +R2C2) s+ 1

<latexit sha1_base64="FBeBWXyH4iHbQtbpooVy5ujpZeM="></latexit>

enquanto que a F.T. original do sistema acoplado é:

efeito de carga !
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Adicional

R1

R2

C

ii

L+

-
fonte de 
corrente

eo

Para o modelo abaixo obtenha a F.T. Eo(s)/Ii(s). E.H.S.
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Exemplo 3

ei
+

-

-

+

eo

.

.

A

Para o modelo abaixo obtenha a F.T. Eo(s)/Ei(s). E.H.S.

R1 R2

Sabemos que: 
E

o

(s)

E
i

(s)
= �Z

fb

(s)

Z
i

(s)

<latexit sha1_base64="5rNwxDEnamNa7qst5WfxE0jIsn8=">AAACHHicbZBNS8MwGMdTX+d8q3r0EhzCPDhanehFGIjgcYJ7wa2UNEu3sDQtSSqM0g/ixa/ixYMiXjwIfhvTrgfdfCDkx///PCTP34sYlcqyvo2FxaXlldXSWnl9Y3Nr29zZbcswFpi0cMhC0fWQJIxy0lJUMdKNBEGBx0jHG19lfueBCElDfqcmEXECNOTUpxgpLbnmad8XCCfXbliVR6m+aXZfwmM4Ne7dxPfS3NNIc3LNilWz8oLzYBdQAUU1XfOzPwhxHBCuMENS9mwrUk6ChKKYkbTcjyWJEB6jIelp5Cgg0kny5VJ4qJUB9EOhD1cwV39PJCiQchJ4ujNAaiRnvUz8z+vFyr9wEsqjWBGOpw/5MYMqhFlScEAFwYpNNCAsqP4rxCOkQ1E6z7IOwZ5deR7aJzW7Xju7rVca9SKOEtgHB6AKbHAOGuAGNEELYPAInsEreDOejBfj3fiYti4Yxcwe+FPG1w9SU6Dg</latexit>

Zi(s) = R1

<latexit sha1_base64="g01Ehi1kmrlk3UGwIQjQQTphIhc=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9mVil6EghePVewHtsuSTbNtaDZZkqxQlv4NLx4U8eqf8ea/MW33oK0PBh7vzTAzL0w408Z1v52V1bX1jc3CVnF7Z3dvv3Rw2NIyVYQ2ieRSdUKsKWeCNg0znHYSRXEcctoORzdTv/1ElWZSPJhxQv0YDwSLGMHGSr3HgFX0GbpG94EXlMpu1Z0BLRMvJ2XI0QhKX72+JGlMhSEca9313MT4GVaGEU4nxV6qaYLJCA9o11KBY6r9bHbzBJ1apY8iqWwJg2bq74kMx1qP49B2xtgM9aI3Ff/zuqmJrvyMiSQ1VJD5oijlyEg0DQD1maLE8LElmChmb0VkiBUmxsZUtCF4iy8vk9Z51atVL+5q5Xotj6MAx3ACFfDgEupwCw1oAoEEnuEV3pzUeXHenY9564qTzxzBHzifP816kDE=</latexit>

Zfb(s) = R2

<latexit sha1_base64="FOGvGCfvtPk/HJP73ODB3VI6lZ8=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEI9VKSUtGLUPDisYr9wLaEzXbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrg4HHezPMzPNjzpR2nG8rt7a+sbmV3y7s7O7tF+2Dw5aKEklok0Q8kh0fK8qZoE3NNKedWFIc+py2/fH1zG8/UqlYJO71JKb9EA8FCxjB2kieXXzw0sCfltUZukJ3XtWzS07FmQOtEjcjJcjQ8Oyv3iAiSUiFJhwr1XWdWPdTLDUjnE4LvUTRGJMxHtKuoQKHVPXT+eFTdGqUAQoiaUpoNFd/T6Q4VGoS+qYzxHqklr2Z+J/XTXRw2U+ZiBNNBVksChKOdIRmKaABk5RoPjEEE8nMrYiMsMREm6wKJgR3+eVV0qpW3Frl/LZWqteyOPJwDCdQBhcuoA430IAmEEjgGV7hzXqyXqx362PRmrOymSP4A+vzB86Jkdg=</latexit>

E
o

(s)

E
i

(s)
= �R2

R1

<latexit sha1_base64="Bg9OSBq5Q0wDnE2kvRBVd6rNKxQ=">AAACEXicbVDLSgMxFM34rPU16tJNsAh1YZkpFd0IBRFcVrEPaMuQSTNtaCYZkoxQhvkFN/6KGxeKuHXnzr8x085CWw8k93DOvST3+BGjSjvOt7W0vLK6tl7YKG5ube/s2nv7LSViiUkTCyZkx0eKMMpJU1PNSCeSBIU+I21/fJX57QciFRX8Xk8i0g/RkNOAYqSN5NnlXiARTq49UVYnqak0q/ASns6MO6+amstNPbvkVJwp4CJxc1ICORqe/dUbCByHhGvMkFJd14l0P0FSU8xIWuzFikQIj9GQdA3lKCSqn0w3SuGxUQYwENIcruFU/T2RoFCpSeibzhDpkZr3MvE/rxvr4KKfUB7FmnA8eyiIGdQCZvHAAZUEazYxBGFJzV8hHiGThDYhFk0I7vzKi6RVrbi1ytltrVSv5XEUwCE4AmXggnNQBzegAZoAg0fwDF7Bm/VkvVjv1sesdcnKZw7AH1ifP3LXnBw=</latexit>

Ou seja: E
o

(s) =

✓
�R2

R1

◆
E

i

(s)

<latexit sha1_base64="RpOuApHbmEw4cIZ33Ijd+hRMUiA=">AAACFnicbVDLSgMxFM3UV62vUZdugkVoFy0zpaIboSAFl1XsAzplyKSZNjTzILkjlKFf4cZfceNCEbfizr8xfSy09UDC4ZxzSe7xYsEVWNa3kVlb39jcym7ndnb39g/Mw6OWihJJWZNGIpIdjygmeMiawEGwTiwZCTzB2t7oeuq3H5hUPArvYRyzXkAGIfc5JaAl1yzV3aigivgKO4L5UCg5viQ0vXMrE33ZE0fywRCKuO5yHXPNvFW2ZsCrxF6QPFqg4ZpfTj+iScBCoIIo1bWtGHopkcCpYJOckygWEzoiA9bVNCQBU710ttYEn2mlj/1I6hMCnqm/J1ISKDUOPJ0MCAzVsjcV//O6CfiXvZSHcQIspPOH/ERgiPC0I9znklEQY00IlVz/FdMh0b2AbjKnS7CXV14lrUrZrpbPb6v5WnVRRxadoFNUQDa6QDV0gxqoiSh6RM/oFb0ZT8aL8W58zKMZYzFzjP7A+PwB82edWA==</latexit>

Multiplicador
por 

constante
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Exemplo 4

Para o modelo abaixo obtenha a F.T. Eo(s)/Ei(s). E.H.S.

ei
+

-

-

+

eo

.

.

A

R C

Sabemos que: 
E

o

(s)

E
i

(s)
= �Z

fb

(s)

Z
i

(s)

<latexit sha1_base64="5rNwxDEnamNa7qst5WfxE0jIsn8=">AAACHHicbZBNS8MwGMdTX+d8q3r0EhzCPDhanehFGIjgcYJ7wa2UNEu3sDQtSSqM0g/ixa/ixYMiXjwIfhvTrgfdfCDkx///PCTP34sYlcqyvo2FxaXlldXSWnl9Y3Nr29zZbcswFpi0cMhC0fWQJIxy0lJUMdKNBEGBx0jHG19lfueBCElDfqcmEXECNOTUpxgpLbnmad8XCCfXbliVR6m+aXZfwmM4Ne7dxPfS3NNIc3LNilWz8oLzYBdQAUU1XfOzPwhxHBCuMENS9mwrUk6ChKKYkbTcjyWJEB6jIelp5Cgg0kny5VJ4qJUB9EOhD1cwV39PJCiQchJ4ujNAaiRnvUz8z+vFyr9wEsqjWBGOpw/5MYMqhFlScEAFwYpNNCAsqP4rxCOkQ1E6z7IOwZ5deR7aJzW7Xju7rVca9SKOEtgHB6AKbHAOGuAGNEELYPAInsEreDOejBfj3fiYti4Yxcwe+FPG1w9SU6Dg</latexit>

Zi(s) = R

<latexit sha1_base64="6INpDmy/2JlDb37FWP9xy5PZPwI=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRahXsquVPQiFLx4rGI/aLuUbJptQ5PskmSFsvRfePGgiFf/jTf/jWm7B219MPB4b4aZeUHMmTau++3k1tY3Nrfy24Wd3b39g+LhUVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHw781tPVGkWyUcziakv8FCykBFsrNTp9FlZn6Mb9NAvltyKOwdaJV5GSpCh3i9+9QYRSQSVhnCsdddzY+OnWBlGOJ0WeommMSZjPKRdSyUWVPvp/OIpOrPKAIWRsiUNmqu/J1IstJ6IwHYKbEZ62ZuJ/3ndxITXfspknBgqyWJRmHBkIjR7Hw2YosTwiSWYKGZvRWSEFSbGhlSwIXjLL6+S5kXFq1Yu76ulWjWLIw8ncApl8OAKanAHdWgAAQnP8ApvjnZenHfnY9Gac7KZY/gD5/MHo3SPjQ==</latexit>

Zfb(s) =
1

Cs

<latexit sha1_base64="tw9F/mwYzefUgaH+/tSqkV6NxGw=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8Ei1E1JpKIbodCNywr2gW0Ik+mkHTp5MDMRSogbf8WNC0Xc+hfu/BunbRbaeuDC4Zx7ufceL+ZMKsv6Ngorq2vrG8XN0tb2zu6euX/QllEiCG2RiEei62FJOQtpSzHFaTcWFAcepx1v3Jj6nQcqJIvCOzWJqRPgYch8RrDSkmse3bup72UVeYauUd8XmKR2ljZk5pplq2rNgJaJnZMy5Gi65ld/EJEkoKEiHEvZs61YOSkWihFOs1I/kTTGZIyHtKdpiAMqnXT2QYZOtTJAfiR0hQrN1N8TKQ6knASe7gywGslFbyr+5/US5V85KQvjRNGQzBf5CUcqQtM40IAJShSfaIKJYPpWREZYx6B0aCUdgr348jJpn1ftWvXitlau1/I4inAMJ1ABGy6hDjfQhBYQeIRneIU348l4Md6Nj3lrwchnDuEPjM8fSXuWHg==</latexit>

Ou seja: E
o

(s)

E
i

(s)
=

✓
� 1

RC

◆
1

s

<latexit sha1_base64="CBFPKMH6lLXuoUAuod45q9oIRaM=">AAACKHicbVDLSgMxFM3UV62vUZdugkVoF5YZqehGLBTBZRX7gE4pmTTThmYeJHeEMsznuPFX3Igo0q1fYvoAtfVAuIdz7uXmHjcSXIFljY3Myura+kZ2M7e1vbO7Z+4fNFQYS8rqNBShbLlEMcEDVgcOgrUiyYjvCtZ0h9WJ33xkUvEweIBRxDo+6Qfc45SAlrrmteNJQpObblhQxVRXPqn4CjuCeVA4xTPfTpP7aupI3h9A8UdTadfMWyVrCrxM7DnJozlqXfPN6YU09lkAVBCl2rYVQSchEjgVLM05sWIRoUPSZ21NA+Iz1Ummh6b4RCs97IVSvwDwVP09kRBfqZHv6k6fwEAtehPxP68dg3fZSXgQxcACOlvkxQJDiCep4R6XjIIYaUKo5PqvmA6ITgF0tjkdgr148jJpnJXscun8rpyvlOdxZNEROkYFZKMLVEG3qIbqiKIn9ILe0YfxbLwan8Z41pox5jOH6A+Mr294pKWh</latexit>

E
o

(s) =

✓
� 1

RC

◆
E

i

(s)

s

<latexit sha1_base64="WrnGy7J8j9a4kgTOy2/+bLJ5f6M=">AAACH3icbVDLSsNAFJ3UV62vqks3g0VoF5ZE6mMjFERwWcVqoSlhMp20QyeZMHMjlJA/ceOvuHGhiLjr3zitWaj1wMDhnHO5c48fC67BtidWYWFxaXmluFpaW9/Y3Cpv79xpmSjK2lQKqTo+0UzwiLWBg2CdWDES+oLd+6OLqX//wJTmMrqFccx6IRlEPOCUgJG88smlJ6u6hs+xK1gA1UPsBorQ1MnSm4vMVXwwhFquXXrcRLNUZ9grV+y6PQOeJ05OKihHyyt/un1Jk5BFQAXRuuvYMfRSooBTwbKSm2gWEzoiA9Y1NCIh0710dl+GD4zSx4FU5kWAZ+rPiZSEWo9D3yRDAkP915uK/3ndBIKzXsqjOAEW0e9FQSIwSDwtC/e5YhTE2BBCFTd/xXRITBdgKi2ZEpy/J8+Tu6O606gfXzcqzUZeRxHtoX1URQ46RU10hVqojSh6RM/oFb1ZT9aL9W59fEcLVj6zi37BmnwBT4GhTg==</latexit>

Integrador
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+

-

-

+

eo

.

.

A

+

+

Exemplo 4

Para o modelo abaixo obtenha a F.T. Eo(s)/Ei(s). E.H.S.
R1

R2

R3 Rfb

i1

i2

i3 ifb

i1 + i2 + i3 = ifb

<latexit sha1_base64="q9OTmJv5eUSJTG9Z6UHBkVwJr+o=">AAACAXicbVDLSsNAFL3xWesr6kZwM1gEQShJrehGKLhxWcE+oC1hMp20QyeTMDMRSqgbf8WNC0Xc+hfu/BunaRbaemAuh3Pu5c49fsyZ0o7zbS0tr6yurRc2iptb2zu79t5+U0WJJLRBIh7Jto8V5UzQhmaa03YsKQ59Tlv+6Gbqtx6oVCwS93oc016IB4IFjGBtJM8+ZJ6LzhDzKlk9R9empoE/8eySU3YyoEXi5qQEOeqe/dXtRyQJqdCEY6U6rhPrXoqlZoTTSbGbKBpjMsID2jFU4JCqXppdMEEnRumjIJLmCY0y9fdEikOlxqFvOkOsh2rem4r/eZ1EB1e9lIk40VSQ2aIg4UhHaBoH6jNJieZjQzCRzPwVkSGWmGgTWtGE4M6fvEialbJbLV/cVUu1ah5HAY7gGE7BhUuowS3UoQEEHuEZXuHNerJerHfrY9a6ZOUzB/AH1ucPid+UXg==</latexit>

e1
R1

+
e2
R2

+
e3
R3

= � e
o

R
fb

<latexit sha1_base64="Bhjf0a0H0Kc/XBDAs8JnC3G9wlw=">AAACMnicbZBNS8MwGMdTX+d8q3r0EhyCII52m+hFGHjR2xT3AlsZaZZuYWlTklQYpZ/Ji59E8KAHRbz6IUy3DubmAwl/fv/nIXn+bsioVJb1Ziwtr6yurec28ptb2zu75t5+Q/JIYFLHnHHRcpEkjAakrqhipBUKgnyXkaY7vE795iMRkvLgQY1C4vioH1CPYqQ06pq3HU8gHJOuncT3+oKncEpKKSnNknJKygm8gmdTxFMUe26SdM2CVbTGBReFnYkCyKrWNV86PY4jnwQKMyRl27ZC5cRIKIoZSfKdSJIQ4SHqk7aWAfKJdOLxygk81qQHPS70CRQc09mJGPlSjnxXd/pIDeS8l8L/vHakvEsnpkEYKRLgyUNexKDiMM0P9qggWLGRFggLqv8K8QDpMJROOa9DsOdXXhSNUtGuFM/vKoVqJYsjBw7BETgBNrgAVXADaqAOMHgCr+ADfBrPxrvxZXxPWpeMbOYA/Cnj5xekzKnO</latexit>

e
o

= �
✓
R

fb

R1
e1 +

R
fb

R2
e2 +

R
fb

R3
e3

◆

<latexit sha1_base64="OG46uHDNVT3JrFaCpHxHce/qRzE="></latexit>

Rfb = R1 = R2 = R3

<latexit sha1_base64="x/91puJvGU0XSF3DcrT5z6hEIl4=">AAACAXicbVDLSsNAFL2pr1pfUTeCm8FScFWSWtGNUHDjshbbCm0Ik+mkHTp5MDMRSqgbf8WNC0Xc+hfu/BunaRbaemAuh3Pmcu89XsyZVJb1bRRWVtfWN4qbpa3tnd09c/+gI6NEENomEY/EvYcl5SykbcUUp/exoDjwOO164+uZ332gQrIovFOTmDoBHobMZwQrLbnmUctNfW+KrlDLtbNay+qZa5atqpUBLRM7J2XI0XTNr/4gIklAQ0U4lrJnW7FyUiwUI5xOS/1E0hiTMR7SnqYhDqh00uyCKapoZYD8SOgXKpSpvztSHEg5CfSilQCrkVz0ZuJ/Xi9R/qWTsjBOFA3JfJCfcKQiNIsDDZigRPGJJpgIpndFZIQFJkqHVtIh2IsnL5NOrWrXq+e39XKjnsdRhGM4gVOw4QIacANNaAOBR3iGV3gznowX4934mH8tGHnPIfyB8fkDQdOUJg==</latexit>

e
o

= �(e1 + e2 + e3)

<latexit sha1_base64="A+o0AgY/l+jIgbwrqlOCgs3n/dA=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARKmKZqRXdCAU3LivYB7TDkEnvtKGZB0lGKEPd+CtuXCji1r9w59+YtrPQ1gP3cjjnXpJ7vJgzqSzr28gtLa+sruXXCxubW9s75u5eU0aJoNCgEY9E2yMSOAuhoZji0I4FkMDj0PKGNxO/9QBCsii8V6MYnID0Q+YzSpSWXPMA3Ahf47MSuDY+xeBWpv38xDWLVtmaAi8SOyNFlKHuml/dXkSTAEJFOZGyY1uxclIiFKMcxoVuIiEmdEj60NE0JAFIJ51eMMbHWulhPxK6QoWn6u+NlARSjgJPTwZEDeS8NxH/8zqJ8q+clIVxoiCks4f8hGMV4UkcuMcEUMVHmhAqmP4rpgMiCFU6tIIOwZ4/eZE0K2W7Wr64qxZr1SyOPDpER6iEbHSJaugW1VEDUfSIntErejOejBfj3fiYjeaMbGcf/YHx+QMywZN7</latexit>

e1

e2

e3

se tivermos

então

Somador
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