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Objetivos

Objetivo da presente aula é apresentar elementos teóricos para a modelagem 
de Sistemas Elétricos no contexto da Dinâmica de Sistemas. Os elementos de 
sistemas elétricos dividem-se em dois grupos: (i) passivos (p) e ; (ii) ativos (a) :

• Resistência elétrica (p)
• Capacitância elétrica (p)
• Indutância Elétrica (p)
• O amplificador Operacional (a)

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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Introdução
Tal como no caso de sistemas mecânicos, onde procuramos estabelecer relações
entre força/movimento, no caso de elementos e sistemas elétricos utilizaremos as 
grandezas tensão/corrente elétrica. 

Para usarmos o conceito de parâmetros concentrados assumiremos que a dimensão
geométrica do elemento a ser considerado (por exemplo, um resistor) é menor do 
que o comprimento de onda associado à propagação do sinal no elemento.  

HIPÓTESE FUNDAMENTAL

Três elementos passivos: 

• Resistência elétrica: dissipação de energia (efeito Joule)
• Capacitância elétrica: armazenamento de energia
• Indutância elétrica: “inércia” de um sistema elétrico

Um elemento “ativo”: 
• Amplificador Operacional

PUROS E
IDEAIS



4
Prof. Paulo S. Varoto

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

O ELEMENTO RESISTÊNCIA ELÉTRICA

Efeito físico: dissipação de energia elétrica (calor)

O elemento resistência elétrica puro e ideal obedece a primeira lei de Ohm

e = Ri

<latexit sha1_base64="ssrxf/+dC4pIEgWCd88bLMYXnoI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoheh4MVjFfsBbSib7aRd3WzC7kYoof/BiwdFvPp/vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDt4vJ767SdUmsfy3owT9CM6lDzkjBortZBckTveL1fcqjsDWSZeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROSr1UY0LZIx1i11JJI9R+Nrt2Qk6sMiBhrGxJQ2bq74mMRlqPo8B2RtSM9KI3Ff/zuqkJL/2MyyQ1KNl8UZgKYmIyfZ0MuEJmxNgSyhS3txI2oooyYwMq2RC8xZeXSeus6tWq57e1Sr2Wx1GEIziGU/DgAupwAw1oAoMHeIZXeHNi58V5dz7mrQUnnzmEP3A+fwBdJo5N</latexit>

onde:

• e é a tensão elétrica nos terminais do elemento (V)
• i é a corrente elétrica que percorre o elemento (A)
• R é o valor da resistência elétrica (W)

Sua representação: 
R

e1 e2
i i

+ -e

e = e1 � e2

<latexit sha1_base64="yaXC+0r6Lt4r05br7WstIp37Uco=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4seyWil6EghePFewHtEvJprNtaDa7JtlCKf0dXjwo4tUf481/Y9ruQVsfzPB4b4ZMXpAIro3rfjtr6xubW9u5nfzu3v7BYeHouKHjVDGss1jEqhVQjYJLrBtuBLYShTQKBDaD4d3Mb45QaR7LRzNO0I9oX/KQM2qs5CO5Jdj1yKXt5W6h6JbcOcgq8TJShAy1buGr04tZGqE0TFCt256bGH9CleFM4DTfSTUmlA1pH9uWShqh9ifzo6fk3Co9EsbKljRkrv7emNBI63EU2MmImoFe9mbif147NeGNP+EySQ1KtngoTAUxMZklQHpcITNibAllittbCRtQRZmxOeVtCN7yl1dJo1zyKqWrh0qxWsniyMEpnMEFeHANVbiHGtSBwRM8wyu8OSPnxXl3Phaja062cwJ/4Hz+AOGTkDA=</latexit>

R = ⇢
l

A

<latexit sha1_base64="NhNHRyziwJF3ufFxWX4mni9VoC8=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyWRim6EihuXVewDmlIm00k7dDIJMxOhhuCvuHGhiFv/w51/47TNQlsPXDiccy/33uPHnCntON9WYWl5ZXWtuF7a2Nza3rF395oqSiShDRLxSLZ9rChngjY005y2Y0lx6HPa8kfXE7/1QKVikbjX45h2QzwQLGAEayP17IM7dIk8OYyQF0hMUp6lV1nPLjsVZwq0SNyclCFHvWd/ef2IJCEVmnCsVMd1Yt1NsdSMcJqVvETRGJMRHtCOoQKHVHXT6fUZOjZKHwWRNCU0mqq/J1IcKjUOfdMZYj1U895E/M/rJDq46KZMxImmgswWBQlHOkKTKFCfSUo0HxuCiWTmVkSG2KSgTWAlE4I7//IiaZ5W3Grl7LZarlXzOIpwCEdwAi6cQw1uoA4NIPAIz/AKb9aT9WK9Wx+z1oKVz+zDH1ifP3yelJY=</latexit>

2a Lei Ohm:
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O ELEMENTO RESISTÊNCIA ELÉTRICA

Sua curva característica é mostrada abaixo

i

e

1

R

<latexit sha1_base64="PmfLO7EkT7jM1nEoRtBLYVmHK8A=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolU9Fjw4rGK/YA2lM120y7dbMLuRCghP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJ7czvPHFtRKwecZpwP6IjJULBKFqp1w81ZZmXZw/5oFJ1a+4cZJV4BalCgeag8tUfxiyNuEImqTE9z03Qz6hGwSTPy/3U8ISyCR3xnqWKRtz42fzknJxbZUjCWNtSSObq74mMRsZMo8B2RhTHZtmbif95vRTDGz8TKkmRK7ZYFKaSYExm/5Oh0JyhnFpCmRb2VsLG1KaANqWyDcFbfnmVtC9rXr12dV+vNupFHCU4hTO4AA+uoQF30IQWMIjhGV7hzUHnxXl3Phata04xcwJ/4Hz+AGhCkU0=</latexit>

Para o elemento resistência ideal 
(linear), o valor da resistência é
dado pela relação: 

R =
e

i

<latexit sha1_base64="kZRK/ZA9eXDGW1TMlVjl4IR7Lm0=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuRPQiBLx4jGIekIQwO+lNhsw+mJkV4rJf4sWDIl79FG/+jZNkD5pY0FBUddPd5cWCK+0431ZhbX1jc6u4XdrZ3dsv2weHLRUlkmGTRSKSHY8qFDzEpuZaYCeWSANPYNub3Mz89iNKxaPwQU9j7Ad0FHKfM6qNNLDL9+Sa9HxJWYpZyrOBXXGqzhxklbg5qUCOxsD+6g0jlgQYaiaoUl3XiXU/pVJzJjAr9RKFMWUTOsKuoSENUPXT+eEZOTXKkPiRNBVqMld/T6Q0UGoaeKYzoHqslr2Z+J/XTbR/1U95GCcaQ7ZY5CeC6IjMUiBDLpFpMTWEMsnNrYSNqUlBm6xKJgR3+eVV0jqvurXqxV2tUq/lcRThGE7gDFy4hDrcQgOawCCBZ3iFN+vJerHerY9Fa8HKZ47gD6zPHyq3ksA=</latexit>

condutância

L (e(t)) = L(Ri(t))

<latexit sha1_base64="JxrAUL1D/kV/RxMVw2nTkxS+61A=">AAACFHicbZDLSsNAFIYn9VbrLerSzWARUoSSSEU3QsGNCxdV7AWaUCbTSTt0MgkzE6GEPoQbX8WNC0XcunDn2zhps6itPwz8fOcc5pzfjxmVyrZ/jMLK6tr6RnGztLW9s7tn7h+0ZJQITJo4YpHo+EgSRjlpKqoY6cSCoNBnpO2PrrN6+5EISSP+oMYx8UI04DSgGCmNeuapGyI1xIiltxPoQotYqlKBV3AeW/eQZrhnlu2qPRVcNk5uyiBXo2d+u/0IJyHhCjMkZdexY+WlSCiKGZmU3ESSGOERGpCuthyFRHrp9KgJPNGkD4NI6McVnNL5iRSFUo5DX3dmu8rFWgb/q3UTFVx6KeVxogjHs4+ChEEVwSwh2KeCYMXG2iAsqN4V4iESCCudY0mH4CyevGxaZ1WnVj2/q5XrtTyOIjgCx8ACDrgAdXADGqAJMHgCL+ANvBvPxqvxYXzOWgtGPnMI/sj4+gWJaJvs</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>

Aplicando a T. L. à equação do elemento temos

G =
i

e
=

1

R

<latexit sha1_base64="mcK0cGQRhfg29ezgKxew3wI41ek=">AAACBHicbZDLSsNAFIYnXmu9RV12M1gEVyWRim4KBRe6rGIv0IYymZ60QyeTMDMRSsjCja/ixoUibn0Id76N0zYLbf1h4OM/53Dm/H7MmdKO822trK6tb2wWtorbO7t7+/bBYUtFiaTQpBGPZMcnCjgT0NRMc+jEEkjoc2j746tpvf0AUrFI3OtJDF5IhoIFjBJtrL5dusY13AskoSnLUshqc3az9C7r22Wn4syEl8HNoYxyNfr2V28Q0SQEoSknSnVdJ9ZeSqRmlENW7CUKYkLHZAhdg4KEoLx0dkSGT4wzwEEkzRMaz9zfEykJlZqEvukMiR6pxdrU/K/WTXRw6aVMxIkGQeeLgoRjHeFpInjAJFDNJwYIlcz8FdMRMSlok1vRhOAunrwMrbOKW62c31bL9WoeRwGV0DE6RS66QHV0gxqoiSh6RM/oFb1ZT9aL9W59zFtXrHzmCP2R9fkDQJSX1Q==</latexit>
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Diagrama de blocos e F.T. para o elemento resistência pura e ideal

i ie e
R

<latexit sha1_base64="kdn4pad71Lw7nSXuvv+xYIORIJc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseCF4+t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTjm5n/8IRK81jem0mCfkSHkoecUWOl5l2/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVq1Uvm7VKvZbHUYQTOIVz8OAK6nALDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fqwOM0A==</latexit>

1

R

<latexit sha1_base64="PmfLO7EkT7jM1nEoRtBLYVmHK8A=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolU9Fjw4rGK/YA2lM120y7dbMLuRCghP8OLB0W8+mu8+W/ctjlo64OBx3szzMwLEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJ7czvPHFtRKwecZpwP6IjJULBKFqp1w81ZZmXZw/5oFJ1a+4cZJV4BalCgeag8tUfxiyNuEImqTE9z03Qz6hGwSTPy/3U8ISyCR3xnqWKRtz42fzknJxbZUjCWNtSSObq74mMRsZMo8B2RhTHZtmbif95vRTDGz8TKkmRK7ZYFKaSYExm/5Oh0JyhnFpCmRb2VsLG1KaANqWyDcFbfnmVtC9rXr12dV+vNupFHCU4hTO4AA+uoQF30IQWMIjhGV7hzUHnxXl3Phata04xcwJ/4Hz+AGhCkU0=</latexit>

O ELEMENTO RESISTÊNCIA ELÉTRICA

Resistência elétrica: Elemento de ordem zero (ganho constante !)
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O ELEMENTO CAPACITÂNCIA ELÉTRICA
Efeito físico: Armazenamento de energia elétrica

A noção básica de um capacitor puro e ideal prevê que dois condutores separados por 
um meio isolante (dielétrico) formam um capacitor e sua capacitância elétrica C é
definida por 

C =
q

e

<latexit sha1_base64="9chRJVwvISsdCvkCxqRknQ8gqgQ=">AAAB+HicbVDLSgNBEOz1GeMjqx69DAbBU9iViF6EQC4eI5gHJEuYnfQmQ2YfzswKccmXePGgiFc/xZt/4yTZgyYWNBRV3XR3+YngSjvOt7W2vrG5tV3YKe7u7R+U7MOjlopTybDJYhHLjk8VCh5hU3MtsJNIpKEvsO2P6zO//YhS8Ti615MEvZAOIx5wRrWR+napTm5IL5CUZQ/TDKd9u+xUnDnIKnFzUoYcjb791RvELA0x0kxQpbquk2gvo1JzJnBa7KUKE8rGdIhdQyMaovKy+eFTcmaUAQliaSrSZK7+nshoqNQk9E1nSPVILXsz8T+vm+rg2st4lKQaI7ZYFKSC6JjMUiADLpFpMTGEMsnNrYSNqElBm6yKJgR3+eVV0rqouNXK5V21XKvmcRTgBE7hHFy4ghrcQgOawCCFZ3iFN+vJerHerY9F65qVzxzDH1ifPx91krk=</latexit>

(farads)
onde: 

• q é a carga do capacitor (C)
• e é a tensão aplicada a seus terminais (V)

Sua representação: 
C

e1 e2i i

+ -e
e = e1 � e2

<latexit sha1_base64="yaXC+0r6Lt4r05br7WstIp37Uco=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4seyWil6EghePFewHtEvJprNtaDa7JtlCKf0dXjwo4tUf481/Y9ruQVsfzPB4b4ZMXpAIro3rfjtr6xubW9u5nfzu3v7BYeHouKHjVDGss1jEqhVQjYJLrBtuBLYShTQKBDaD4d3Mb45QaR7LRzNO0I9oX/KQM2qs5CO5Jdj1yKXt5W6h6JbcOcgq8TJShAy1buGr04tZGqE0TFCt256bGH9CleFM4DTfSTUmlA1pH9uWShqh9ifzo6fk3Co9EsbKljRkrv7emNBI63EU2MmImoFe9mbif147NeGNP+EySQ1KtngoTAUxMZklQHpcITNibAllittbCRtQRZmxOeVtCN7yl1dJo1zyKqWrh0qxWsniyMEpnMEFeHANVbiHGtSBwRM8wyu8OSPnxXl3Phaja062cwJ/4Hz+AOGTkDA=</latexit>
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+ -

ei

(a) Descarregado

(b) Conectado à fonte de tensão

Ilustração do processo de carregamento de um capacitor de placas planas

+ -

ei

(c) Carregado

i = 0

(d) Capacitor puro retém carga
quando desconectado da fonte

Dielétrico

Placa

Elétrons
Terminal

CAPACITORS

(a) Construction

C

Connecting leads

Dielectric

Conductive plates

(b) Symbol

! FIGURE 1

The basic capacitor.

Basic Construction
In its simplest form, a capacitor is an electrical device constructed of two parallel conduc-
tive plates separated by an insulating material called the dielectric. Connecting leads are
attached to the parallel plates. A basic capacitor is shown in Figure 1(a), and the schematic
symbol is shown in part (b).

1 THE BASIC CAPACITOR

A capacitor is a passive electrical component that stores electrical charge and has the
property of capacitance.

After completing this section, you should be able to

◆ Describe the basic structure and characteristics of a capacitor

◆ Explain how a capacitor stores charge

◆ Define capacitance and state its unit

◆ Explain how a capacitor stores energy

◆ Discuss voltage rating and temperature coefficient

◆ Explain capacitor leakage

◆ Specify how the physical characteristics affect the capacitance

How a Capacitor Stores Charge
In the neutral state, both plates of a capacitor have an equal number of free electrons, as in-
dicated in Figure 2(a). When the capacitor is connected to a dc voltage source through a
 resistor, as shown in part (b), electrons (negative charge) are removed from plate A, and an
equal number are deposited on plate B. As plate A loses electrons and plate B gains electrons,
plate A becomes positive with respect to plate B. During this charging process, electrons
flow only through the connecting leads and the source. No electrons flow through the
 dielectric of the capacitor because it is an insulator. The movement of electrons ceases when
the voltage across the capacitor equals the source voltage, as indicated in Figure 2(c). If the
capacitor is disconnected from the source, it retains the stored charge for a long period of
time (the length of time depends on the type of capacitor) and still has the voltage across it,
as shown in Figure 2(d). A charged capacitor can act as a temporary battery.

This icon indicates selected websites for further information on topics in this section. See the Companion
Website provided with this text.

���
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Sua curva característica é mostrada abaixo

q

e
C

<latexit sha1_base64="z9N/2fThet5C60gGE1+kBptJ5Jc=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolU9FjoxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8GkPvc7T6g0j+WDmSboR3QkecgZNVZq1gelsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20rytetXLTrJZr1TyOApzDBVyBB7dQg3toQAsYIDzDK7w5j86L8+58LFs3nHzmDP7A+fwBlEeMwQ==</latexit>

O ELEMENTO CAPACITÂNCIA ELÉTRICA

Para a relação tensão/corrente temos:

i =
dq

dt

<latexit sha1_base64="w6A8hFy2FfXlZ929FN96qWATshM=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVBKp6EUoePFYwX5AG8pms2mXbjZxd6KUmJ/ixYMiXv0l3vw3btsctPXBwOO9GWbm+YngGhzn21pZXVvf2Cxtlbd3dvf27cpBW8epoqxFYxGrrk80E1yyFnAQrJsoRiJfsI4/vp76nQemNI/lHUwS5kVkKHnIKQEjDewKx1e4HypCs+A+zwLIB3bVqTkz4GXiFqSKCjQH9lc/iGkaMQlUEK17rpOAlxEFnAqWl/upZgmhYzJkPUMliZj2stnpOT4xSoDDWJmSgGfq74mMRFpPIt90RgRGetGbiv95vRTCSy/jMkmBSTpfFKYCQ4ynOeCAK0ZBTAwhVHFzK6YjYnIAk1bZhOAuvrxM2mc1t147v61XG/UijhI6QsfoFLnoAjXQDWqiFqLoET2jV/RmPVkv1rv1MW9dsYqZQ/QH1ucP9paTyg==</latexit>

e =
1

C
q

<latexit sha1_base64="qk2qIVTGvx1oCsZ5b06JFVZrjpo=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9iViF6EQC4eI5gHJEuYnfQmQ2YfzswGwpI/8eJBEa/+iTf/xkmyB00saCiquunu8hPBlXacb6uwsbm1vVPcLe3tHxwe2ccnLRWnkmGTxSKWHZ8qFDzCpuZaYCeRSENfYNsf1+d+e4JS8Th61NMEvZAOIx5wRrWR+raN5I70AklZ5s6y+uypb5edirMAWSduTsqQo9G3v3qDmKUhRpoJqlTXdRLtZVRqzgTOSr1UYULZmA6xa2hEQ1Retrh8Ri6MMiBBLE1FmizU3xMZDZWahr7pDKkeqVVvLv7ndVMd3HoZj5JUY8SWi4JUEB2TeQxkwCUyLaaGUCa5uZWwETUxaBNWyYTgrr68TlpXFbdauX6olmvVPI4inME5XIILN1CDe2hAExhM4Ble4c3KrBfr3fpYthasfOYU/sD6/AGU0JL0</latexit>

Combinando estas duas temos:

de

dt
=

1

C

dq

dt
=

i

C

<latexit sha1_base64="5EtwLM3OtIYGlXfcb6Egt9wtxBw=">AAACH3icbZDLSsNAFIZPvNZ6i7p0M1gEVyWRetkIhW5cVrAXaEOZTCbt0MnFmYlQQt7Eja/ixoUi4q5v46TNwrYeGPjn/85h5vxuzJlUljU11tY3Nre2Szvl3b39g0Pz6Lgto0QQ2iIRj0TXxZJyFtKWYorTbiwoDlxOO+64kfPOMxWSReGjmsTUCfAwZD4jWGlrYF73fYFJ6tEs9VSG7tD8bmdpIyvQ0yJiORqYFatqzQqtCrsQFSiqOTB/+l5EkoCGinAsZc+2YuWkWChGOM3K/UTSGJMxHtKeliEOqHTS2X4ZOteOh/xI6BMqNHP/TqQ4kHISuLozwGokl1lu/sd6ifJvnZSFcaJoSOYP+QlHKkJ5WMhjghLFJ1pgIpj+KyIjrFNQOtKyDsFeXnlVtC+rdq169VCr1GtFHCU4hTO4ABtuoA730IQWEHiBN/iAT+PVeDe+jO9565pRzJzAQhnTX2eVo8k=</latexit>

Continuando, escrevemos:
Z e

e0

de =
1

C

Z t

t0

i dt

<latexit sha1_base64="qR0crrz6xKNsAoDwuL5C0DLuYT4="></latexit>

de =
1

C
idt

<latexit sha1_base64="kQZmvx2mZY0PDXmB8YLngSQvIjo=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JIRS9CoRePFewHtKFsNpt26WYTdjdCCPWvePGgiFd/iDf/jds2B219MPB4b4aZeX7CmdKO822VNja3tnfKu5W9/YPDI/v4pKviVBLaITGPZd/HinImaEczzWk/kRRHPqc9f9qa+71HKhWLxYPOEupFeCxYyAjWRhrZ1YCiWzQMJSa5O8tbMxbokV1z6s4CaJ24BalBgfbI/hoGMUkjKjThWKmB6yTay7HUjHA6qwxTRRNMpnhMB4YKHFHl5YvjZ+jcKAEKY2lKaLRQf0/kOFIqi3zTGWE9UaveXPzPG6Q6vPFyJpJUU0GWi8KUIx2jeRIoYJISzTNDMJHM3IrIBJsgtMmrYkJwV19eJ93LutuoX903as1GEUcZTuEMLsCFa2jCHbShAwQyeIZXeLOerBfr3fpYtpasYqYKf2B9/gDp4ZRG</latexit>
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Diagrama de blocos e F.T. para o elemento capacitância puro e ideal

i ie e1

Cs

<latexit sha1_base64="pKd6hL/nFkUzhQac9NyoUF2KmQM=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KolU9FjoxWMF+wFNKJvtpF262YTdjVBC/4YXD4p49c9489+4bXPQ1gcDj/dmmJkXpoJr47rfzsbm1vbObmmvvH9weHRcOTnt6CRTDNssEYnqhVSj4BLbhhuBvVQhjUOB3XDSnPvdJ1SaJ/LRTFMMYjqSPOKMGiv5fqQoy71Z3tSzQaXq1twFyDrxClKFAq1B5csfJiyLURomqNZ9z01NkFNlOBM4K/uZxpSyCR1h31JJY9RBvrh5Ri6tMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//z+pmJ7oKcyzQzKNlyUZQJYhIyD4AMuUJmxNQSyhS3txI2pjYGY2Mq2xC81ZfXSee65tVrNw/1aqNexFGCc7iAK/DgFhpwDy1oA4MUnuEV3pzMeXHenY9l64ZTzJzBHzifPykckbs=</latexit>

Cs

<latexit sha1_base64="1GunbhhjP+5wvzysmCeClEWylYc=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkosdCLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJY+53nlBpHstHM03Qj+hI8pAzaqz00NCDcsWtuguQdeLlpAI5moPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxaUzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01462dcJqlByZaLwlQQE5P522TIFTIjppZQpri9lbAxVZQZG07JhuCtvrxO2ldVr1a9vq9V6rU8jiKcwTlcggc3UIc7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8AWfJjT4=</latexit>

e� e0 =
1

C

Z t

t0

i(t) dt

<latexit sha1_base64="r6/OulR7yRWt0eo6bjq9n5KJbc0="></latexit>

L(e(t)) = 1

C
L
✓Z t

t0

i(t) dt

◆

<latexit sha1_base64="tsY4fFmi+vtIObpN+IYf3+8a2aM="></latexit>

O ELEMENTO CAPACITÂNCIA ELÉTRICA
Integrando esta última expressão:

Aplicando a T. L. à esta última expressão vem:

Capacitância elétrica: Elemento de ordem 1 (integrador ou derivador !)

E(s) =
1

Cs
I(s)

<latexit sha1_base64="hSuOOTcZSK/lfF1LKykSQitgHBg=">AAACAHicbVBNS8NAEJ3Ur1q/oh48eFksQr2URCp6EQpF0FsF+wFtKZvtpl262YTdjVBCLv4VLx4U8erP8Oa/cdvmoK0PBh7vzTAzz4s4U9pxvq3cyura+kZ+s7C1vbO7Z+8fNFUYS0IbJOShbHtYUc4EbWimOW1HkuLA47TljWtTv/VIpWKheNCTiPYCPBTMZwRrI/Xto5uSOkPXqOtLTBI3TWoqvTNS3y46ZWcGtEzcjBQhQ71vf3UHIYkDKjThWKmO60S6l2CpGeE0LXRjRSNMxnhIO4YKHFDVS2YPpOjUKAPkh9KU0Gim/p5IcKDUJPBMZ4D1SC16U/E/rxNr/6qXMBHFmgoyX+THHOkQTdNAAyYp0XxiCCaSmVsRGWEThTaZFUwI7uLLy6R5XnYr5Yv7SrFayeLIwzGcQAlcuIQq3EIdGkAghWd4hTfryXqx3q2PeWvOymYO4Q+szx9Sf5Tt</latexit>

e(t) =
1

C

Z t

0
i(t) dt

<latexit sha1_base64="tBWm78BTaukaEJ3C/bis/VVslHk=">AAACEXicbVBNS8NAEN34WetX1aOXxSLUS0mkoheh0IvHCvYDmlg22027dLMJuxOhhPwFL/4VLx4U8erNm//GbZuDtj4YeLw3w8w8PxZcg21/Wyura+sbm4Wt4vbO7t5+6eCwraNEUdaikYhU1yeaCS5ZCzgI1o0VI6EvWMcfN6Z+54EpzSN5B5OYeSEZSh5wSsBI/VKFVeAMX2M3UISmTpY2MpdL6Kd2dp9ChvnUdvEA+qWyXbVnwMvEyUkZ5Wj2S1/uIKJJyCRQQbTuOXYMXkoUcCpYVnQTzWJCx2TIeoZKEjLtpbOPMnxqlAEOImVKAp6pvydSEmo9CX3TGRIY6UVvKv7n9RIIrryUyzgBJul8UZAIDBGexoMHXDEKYmIIoYqbWzEdEZMNmBCLJgRn8eVl0j6vOrXqxW2tXK/lcRTQMTpBFeSgS1RHN6iJWoiiR/SMXtGb9WS9WO/Wx7x1xcpnjtAfWJ8/K2Cb8g==</latexit>

Capacitor inicialmente descarregado
e0 = 0 em t0 = 0
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O ELEMENTO INDUTÂNCIA ELÉTRICA

Premissa: Uma corrente elétrica (movimento de cargas elétricas) em um condutor
sempre cria um campo magnético associado. Se este campo magnético
varia com o tempo, uma força eletromotriz (tensão) é induzida no circuito

i
i

i

i

B
R

Espira Circular

0

<latexit sha1_base64="y9rEkcnxNa0hjOhy3RacL7DNVPA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9WvW6WavUa3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBd3uMrg==</latexit>

l

<latexit sha1_base64="by5HiCiTyyt5LU/k8LYIf+n6gMA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6perXrdrFXqtTyOIpzBOVyCBzdQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0muM6g==</latexit>

B(t) = µ
i(t)

l

<latexit sha1_base64="UODZxF6zpANNqK8F4MhEI/QK5kQ=">AAACAnicbVBNS8NAEJ34WetX1JN4WSxCvZREKnoRil48VrAf0ISy2W7apbtJ2N0IJRQv/hUvHhTx6q/w5r9x2+agrQ8GHu/NMDMvSDhT2nG+raXlldW19cJGcXNre2fX3ttvqjiVhDZIzGPZDrCinEW0oZnmtJ1IikXAaSsY3kz81gOVisXRvR4l1Be4H7GQEayN1LUPr8v6FF0hT6TICyUmGTPCOOPjrl1yKs4UaJG4OSlBjnrX/vJ6MUkFjTThWKmO6yTaz7DUjHA6LnqpogkmQ9ynHUMjLKjys+kLY3RilB4KY2kq0miq/p7IsFBqJALTKbAeqHlvIv7ndVIdXvoZi5JU04jMFoUpRzpGkzxQj0lKNB8Zgolk5lZEBtgEoU1qRROCO//yImmeVdxq5fyuWqpV8zgKcATHUAYXLqAGt1CHBhB4hGd4hTfryXqx3q2PWeuSlc8cwB9Ynz8wr5YD</latexit>

� = AB(t) =
Aµ

l
i(t) = L i(t)

<latexit sha1_base64="1EbNRRvJTxSwYlKjFrl5Vhl+ZDE=">AAACGHicbZDLSgMxFIYz9VbrbdSlm2AR6qbOSEU3QqsbFy4q2At0SsmkmTY0yQxJRijDPIYbX8WNC0XcdufbmLaz0NYDIR//fw7J+f2IUaUd59vKrayurW/kNwtb2zu7e/b+QVOFscSkgUMWyraPFGFUkIammpF2JAniPiMtf3Q79VtPRCoaikc9jkiXo4GgAcVIG6lnn3n1IYXXsHZT0qfm9gKJcFLzeJwmLIUepHP9PsOeXXTKzqzgMrgZFEFW9Z498fohjjkRGjOkVMd1It1NkNQUM5IWvFiRCOERGpCOQYE4Ud1ktlgKT4zSh0EozREaztTfEwniSo25bzo50kO16E3F/7xOrIOrbkJFFGsi8PyhIGZQh3CaEuxTSbBmYwMIS2r+CvEQmWi0ybJgQnAXV16G5nnZrZQvHirFaiWLIw+OwDEoARdcgiq4A3XQABg8g1fwDj6sF+vN+rS+5q05K5s5BH/KmvwAujecag==</latexit>

e(t) =
d�

dt

<latexit sha1_base64="2oABdrL1YxMYB3xfSDmAFg6vlYM=">AAACAHicbVBNS8NAEN34WetX1IMHL4tFqJeSSEUvQsGLxwr2A5pSNptNu3SzCbsToYRc/CtePCji1Z/hzX/jts1BWx8MPN6bYWaenwiuwXG+rZXVtfWNzdJWeXtnd2/fPjhs6zhVlLVoLGLV9YlmgkvWAg6CdRPFSOQL1vHHt1O/88iU5rF8gEnC+hEZSh5ySsBIA/uYVeEc32AvVIRmgdcc8TwLIB/YFafmzICXiVuQCirQHNhfXhDTNGISqCBa91wngX5GFHAqWF72Us0SQsdkyHqGShIx3c9mD+T4zCgBDmNlSgKeqb8nMhJpPYl80xkRGOlFbyr+5/VSCK/7GZdJCkzS+aIwFRhiPE0DB1wxCmJiCKGKm1sxHRETBZjMyiYEd/HlZdK+qLn12uV9vdKoF3GU0Ak6RVXkoivUQHeoiVqIohw9o1f0Zj1ZL9a79TFvXbGKmSP0B9bnD7NLldM=</latexit>

e(t) =
d(Li(t))

dt

<latexit sha1_base64="yqa7RyXfyfEZsMjVak22k29LV2c=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBah3ZREKroRCm5cuKhgH9CGMplM2qGTBzM3QgkBN/6KGxeKuPUn3Pk3TtsstPXAhTPn3Mvce9xYcAWW9W0UVlbX1jeKm6Wt7Z3dPXP/oK2iRFLWopGIZNcligkeshZwEKwbS0YCV7COO76e+p0HJhWPwnuYxMwJyDDkPqcEtDQwj1gFqvgK931JaOpVbrl+V7PUg2xglq2aNQNeJnZOyihHc2B+9b2IJgELgQqiVM+2YnBSIoFTwbJSP1EsJnRMhqynaUgCppx0dkOGT7XiYT+SukLAM/X3REoCpSaBqzsDAiO16E3F/7xeAv6lk/IwToCFdP6RnwgMEZ4Ggj0uGQUx0YRQyfWumI6ITgN0bCUdgr148jJpn9Xseu38rl5u1PM4iugYnaAKstEFaqAb1EQtRNEjekav6M14Ml6Md+Nj3low8plD9AfG5w+ropY/</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>

Campo Magnético:

Lei de Maxwell:
Área A

F
F

fluxo
magnético

Logo: indutor puro e 
ideal

Efeito físico: campo magnético gerado por corrente através de condutor

µ – permeabilidade
magnética do meio
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O ELEMENTO INDUTÂNCIA ELÉTRICA

L
e1 e2i i

+ -e

Representação do elemento:

di

dt

<latexit sha1_base64="l1qkdn7T7watNdIQj3IEq/SBKV4=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gPaUDabTbt0s4m7k0IJ+R1ePCji1R/jzX/jts1BWx8MPN6bYWaenwiu0XG+rdLG5tb2Tnm3srd/cHhUPT7p6DhVlLVpLGLV84lmgkvWRo6C9RLFSOQL1vUnd3O/O2VK81g+4ixhXkRGkoecEjSSNwgVoVnA8yzAfFitOXVnAXuduAWpQYHWsPo1CGKaRkwiFUTrvusk6GVEIaeC5ZVBqllC6ISMWN9QSSKmvWxxdG5fGCWww1iZkmgv1N8TGYm0nkW+6YwIjvWqNxf/8/ophrdexmWSIpN0uShMhY2xPU/ADrhiFMXMEEIVN7fadExMDmhyqpgQ3NWX10nnqu426tcPjVqzUcRRhjM4h0tw4QaacA8taAOFJ3iGV3izptaL9W59LFtLVjFzCn9gff4AdEOSgw==</latexit>

e

<latexit sha1_base64="1Q0PXSa93ZkeV5w6PmhtCWJ4y2s=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjrZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1WvVr1u1ir1Wh5HEc7gHC7Bgxuowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Ax8+M4w==</latexit>

1

L

<latexit sha1_base64="U8lpsCXRNilvNc3UzEVvxKygpYE=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolU9Fjw4sFDBfsBbSib7aZdutmE3YlQQn6GFw+KePXXePPfuG1z0NYHA4/3ZpiZFyRSGHTdb2dtfWNza7u0U97d2z84rBwdt02casZbLJax7gbUcCkUb6FAybuJ5jQKJO8Ek9uZ33ni2ohYPeI04X5ER0qEglG0Uq8fasoyL8/u80Gl6tbcOcgq8QpShQLNQeWrP4xZGnGFTFJjep6boJ9RjYJJnpf7qeEJZRM64j1LFY248bP5yTk5t8qQhLG2pZDM1d8TGY2MmUaB7Ywojs2yNxP/83ophjd+JlSSIldssShMJcGYzP4nQ6E5Qzm1hDIt7K2EjalNAW1KZRuCt/zyKmlf1rx67eqhXm3UizhKcApncAEeXEMD7qAJLWAQwzO8wpuDzovz7nwsWtecYuYE/sD5/AFfJJFH</latexit>

i

i

e

e

Ls

<latexit sha1_base64="1pIBN71GeFflteGIZMU2IHI/4wU=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe4komXAxsIiivmA5Ah7m71kyd7esTsnhCP/wMZCEVv/kZ3/xk1yhSY+GHi8N8PMvCCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9mfvuJayNi9YiThPsRHSoRCkbRSg93pl+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn80ik5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzN4mA6E5QzmxhDIt7K2EjaimDG04JRuCt/zyKmldVL1a9fK+VqnX8jiKcAKncA4eXEEdbqEBTWAQwjO8wpszdl6cd+dj0Vpw8plj+APn8wd1do1H</latexit>

1

Ls

<latexit sha1_base64="mnL8K45twZkRrv1M5rr+3enSJ8c=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4KolU9Fjw4sFDBfsBTSib7aZdutmE3YlQQv+GFw+KePXPePPfuG1z0NYHA4/3ZpiZF6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SacZbLJGJ7obUcCkUb6FAybup5jQOJe+E49uZ33ni2ohEPeIk5UFMh0pEglG0ku9HmrLcm+b3ZtqvVN2aOwdZJV5BqlCg2a98+YOEZTFXyCQ1pue5KQY51SiY5NOynxmeUjamQ96zVNGYmyCf3zwl51YZkCjRthSSufp7IqexMZM4tJ0xxZFZ9mbif14vw+gmyIVKM+SKLRZFmSSYkFkAZCA0ZygnllCmhb2VsBG1MaCNqWxD8JZfXiXty5pXr1091KuNehFHCU7hDC7Ag2towB00oQUMUniGV3hzMufFeXc+Fq1rTjFzAn/gfP4ANtKRxA==</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>

L

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

E(s) = Ls I(s)

<latexit sha1_base64="nzvqr3+GtTe8FALIf80RKg3ubS0=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8Ei1E1JpEU3QkEEBRcV7AXaUCbTSTt0Mgkzk0IJfRM3LhRx65u4822ctllo6w8DH/85h3Pm92POlHacbyu3tr6xuZXfLuzs7u0f2IdHTRUlktAGiXgk2z5WlDNBG5ppTtuxpDj0OW35o5tZvTWmUrFIPOlJTL0QDwQLGMHaWD3bvi2pc3SNHhTqonvDPbvolJ250Cq4GRQhU71nf3X7EUlCKjThWKmO68TaS7HUjHA6LXQTRWNMRnhAOwYFDqny0vnlU3RmnD4KImme0Gju/p5IcajUJPRNZ4j1UC3XZuZ/tU6igysvZSJONBVksShIONIRmsWA+kxSovnEACaSmVsRGWKJiTZhFUwI7vKXV6F5UXYr5epjpVirZHHk4QROoQQuXEIN7qAODSAwhmd4hTcrtV6sd+tj0Zqzsplj+CPr8wfi/JEz</latexit>

Curva:
F.T.:

e = e1 � e2

<latexit sha1_base64="yaXC+0r6Lt4r05br7WstIp37Uco=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4seyWil6EghePFewHtEvJprNtaDa7JtlCKf0dXjwo4tUf481/Y9ruQVsfzPB4b4ZMXpAIro3rfjtr6xubW9u5nfzu3v7BYeHouKHjVDGss1jEqhVQjYJLrBtuBLYShTQKBDaD4d3Mb45QaR7LRzNO0I9oX/KQM2qs5CO5Jdj1yKXt5W6h6JbcOcgq8TJShAy1buGr04tZGqE0TFCt256bGH9CleFM4DTfSTUmlA1pH9uWShqh9ifzo6fk3Co9EsbKljRkrv7emNBI63EU2MmImoFe9mbif147NeGNP+EySQ1KtngoTAUxMZklQHpcITNibAllittbCRtQRZmxOeVtCN7yl1dJo1zyKqWrh0qxWsniyMEpnMEFeHANVbiHGtSBwRM8wyu8OSPnxXl3Phaja062cwJ/4Hz+AOGTkDA=</latexit>

Indutância elétrica: Elemento
de ordem 1 (integrador ou derivador !)
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MECÂNICO ELÉTRICO

ELEMENTO IMPEDÂNCIA ELEMENTO IMPEDÂNCIA

MASSA INDUTÂNCIA

MOLA CAPACITÂNCIA
AMORTECEDOR RESISTÊNCIA

ANALOGIAS ELETROMECÂNICAS

Impedância Elétrica: z(t) =
e(t)

i(t)

<latexit sha1_base64="bEQ7zkOnxPeBIQS2YIp8VvdwFfY=">AAACAXicbVDLSgMxFL3js9bXqBvBTbAIdVNmpKIboeDGZQX7gHYomTTThmYyQ5IR6lA3/oobF4q49S/c+Tdm2llo64GEk3Pu5eYeP+ZMacf5tpaWV1bX1gsbxc2t7Z1de2+/qaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dJ35rXsqFYvEnR7H1AvxQLCAEayN1LMPH8r6FF2hbiAxSal5TFKW3T275FScKdAicXNSghz1nv3V7UckCanQhGOlOq4Tay/FUjPC6aTYTRSNMRnhAe0YKnBIlZdON5igE6P0URBJc4RGU/V3R4pDpcahbypDrIdq3svE/7xOooNLL2UiTjQVZDYoSDjSEcriQH0mKdF8bAgmkpm/IjLEJgttQiuaENz5lRdJ86ziVivnt9VSrZrHUYAjOIYyuHABNbiBOjSAwCM8wyu8WU/Wi/VufcxKl6y85wD+wPr8AWwwlZE=</latexit>

L

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

Z(s) =
E(s)

I(s)

<latexit sha1_base64="IHjrOpWBk7jaibEpGTYRpqQhu90=">AAACAXicbVDLSgMxFL3js9bXqBvBTbAIdVNmpKIboSCC7irYB7ZDyaSZNjSTGZKMUIa68VfcuFDErX/hzr8x03ahrQcSTs65l5t7/JgzpR3n21pYXFpeWc2t5dc3Nre27Z3duooSSWiNRDySTR8rypmgNc00p81YUhz6nDb8wWXmNx6oVCwSd3oYUy/EPcECRrA2Usfevy+qY3SB2oHEJL0yj1F6k90du+CUnDHQPHGnpABTVDv2V7sbkSSkQhOOlWq5Tqy9FEvNCKejfDtRNMZkgHu0ZajAIVVeOt5ghI6M0kVBJM0RGo3V3x0pDpUahr6pDLHuq1kvE//zWokOzr2UiTjRVJDJoCDhSEcoiwN1maRE86EhmEhm/opIH5sstAktb0JwZ1eeJ/WTklsund6WC5XyNI4cHMAhFMGFM6jANVShBgQe4Rle4c16sl6sd+tjUrpgTXv24A+szx/RVpUu</latexit>

Impedância Mecânica: 
L

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

Z(s) =
F (s)

V (s)

<latexit sha1_base64="Ytyl9aZneQ+ooARiVap8Z4cVPjM=">AAACAXicbVDLSgMxFL1TX7W+Rt0IboJFqJsyIxXdCAVBXFawD2yHkkkzbWgmMyQZoQx146+4caGIW//CnX9j2s5CWw8knJxzLzf3+DFnSjvOt5VbWl5ZXcuvFzY2t7Z37N29hooSSWidRDySLR8rypmgdc00p61YUhz6nDb94dXEbz5QqVgk7vQopl6I+4IFjGBtpK59cF9SJ+gSdQKJSXptHuO0Mbm7dtEpO1OgReJmpAgZal37q9OLSBJSoQnHSrVdJ9ZeiqVmhNNxoZMoGmMyxH3aNlTgkCovnW4wRsdG6aEgkuYIjabq744Uh0qNQt9UhlgP1Lw3Ef/z2okOLryUiTjRVJDZoCDhSEdoEgfqMUmJ5iNDMJHM/BWRATZZaBNawYTgzq+8SBqnZbdSPrutFKuVLI48HMIRlMCFc6jCDdSgDgQe4Rle4c16sl6sd+tjVpqzsp59+APr8wfmzJU8</latexit>

z(t) =
f(t)

v(t)

<latexit sha1_base64="SY+E0P/Sg2BFUBudDGnsDQD5sIw=">AAACAXicbVDLSgMxFL1TX7W+Rt0IboJFqJsyIxXdCAU3LivYB7SlZNJMG5rJDEmmUIe68VfcuFDErX/hzr8x085CWw8knJxzLzf3eBFnSjvOt5VbWV1b38hvFra2d3b37P2DhgpjSWidhDyULQ8rypmgdc00p61IUhx4nDa90U3qN8dUKhaKez2JaDfAA8F8RrA2Us8+eijpM3SNOr7EJPHNY5qM07tnF52yMwNaJm5GipCh1rO/Ov2QxAEVmnCsVNt1It1NsNSMcDotdGJFI0xGeEDbhgocUNVNZhtM0alR+sgPpTlCo5n6uyPBgVKTwDOVAdZDteil4n9eO9b+VTdhIoo1FWQ+yI850iFK40B9JinRfGIIJpKZvyIyxCYLbUIrmBDcxZWXSeO87FbKF3eVYrWSxZGHYziBErhwCVW4hRrUgcAjPMMrvFlP1ov1bn3MS3NW1nMIf2B9/gCBppWf</latexit>

e(t) ! f(t)

i(t) ! v(t)

<latexit sha1_base64="lo4BHheNG7xqklDYLW+leXvFCaU=">AAACJ3icdVDLSgMxFM3Ud31VXboJFkE3ZUYquhLBjcsKtgptKZn0ThuaSYbkTqUM/Rs3/oobQUV06Z+Yjl34PBA4nHMuN/eEiRQWff/NK8zMzs0vLC4Vl1dW19ZLG5sNq1PDoc611OY6ZBakUFBHgRKuEwMsDiVchYOziX81BGOFVpc4SqAds54SkeAMndQpncAe7tOW1KonIUIjen1kxugbGuVGqyj+Cwyd0SmV/Yqfg/4mwZSUyRS1Tumx1dU8jUEhl8zaZuAn2M6YQcEljIut1ELC+ID1oOmoYjHYdpbfOaa7TunSSBv3FNJc/TqRsdjaURy6ZMywb396E/Evr5lidNzOhEpSBMU/F0WppKjppDTaFQY4ypEjjBvh/kp5nxnG0VVbdCUEP0/+TRoHlaBaObyolk+r0zoWyTbZIXskIEfklJyTGqkTTm7JPXkiz96d9+C9eK+f0YI3ndki3+C9fwCvWaUx</latexit>

E(s) ! F (s)

I(s) ! V (s)

<latexit sha1_base64="EX31kZc3VzIbH8s3zqGOI3bNUX4=">AAACJ3icdVDLSgMxFM3UV62vUZdugkWomzIjFV1JQRTdVbAPaEvJpJk2NJMMyR2llP6NG3/FjaAiuvRPTB8LbfVA4HDOudzcE8SCG/C8Tye1sLi0vJJezaytb2xuuds7FaMSTVmZKqF0LSCGCS5ZGTgIVos1I1EgWDXonY/86h3Thit5C/2YNSPSkTzklICVWu7ZRc4c4oZQsiNYCJp3ukC0Vvf4cmw0Mtf/BSrWaLlZL++NgeeJPyVZNEWp5b402oomEZNABTGm7nsxNAdEA6eCDTONxLCY0B7psLqlkkTMNAfjO4f4wCptHCptnwQ8Vn9ODEhkTD8KbDIi0DWz3kj8y6snEJ42B1zGCTBJJ4vCRGBQeFQabnPNKIi+JYRqbv+KaZdoQsFWm7El+LMnz5PKUd4v5I9vCtliYVpHGu2hfZRDPjpBRXSFSqiMKHpAT+gVvTmPzrPz7nxMoilnOrOLfsH5+gbWwqSt</latexit>

TABELA DE ANALOGIAS

Ms

<latexit sha1_base64="EBhPbzQTQBR7THDQkAZBKsN+Abw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseCFy9CFfsBbSib7aZdutmE3YlQQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8c3Mbz9xbUSsHnGScD+iQyVCwSha6eHO9MsVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5tfOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2dtkIDRnKCeWUKaFvZWwEdWUoQ2nZEPwll9eJa2LqlerXt7XKvVaHkcRTuAUzsGDK6jDLTSgCQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gB2+41I</latexit>

1/Ks

<latexit sha1_base64="IejKgo1MP8bPZ08gFLzkqpdcY7g=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU00koseCF8FLBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408Z1v53S2vrG5lZ5u7Kzu7d/UD08aus4VYS2SMxj1Q2xppxJ2jLMcNpNFMUi5LQTTm5zv/NElWaxfDTThAYCjySLGMEml7yLez2o1ty6OwdaJV5BalCgOah+9YcxSQWVhnCsdc9zExNkWBlGOJ1V+qmmCSYTPKI9SyUWVAfZ/NYZOrPKEEWxsiUNmqu/JzIstJ6K0HYKbMZ62cvF/7xeaqKbIGMySQ2VZLEoSjkyMcofR0OmKDF8agkmitlbERljhYmx8VRsCN7yy6ukfVn3/PrVg19r+EUcZTiBUzgHD66hAXfQhBYQGMMzvMKbI5wX5935WLSWnGLmGP7A+fwBUD+Nug==</latexit>

B

<latexit sha1_base64="wnxCssu+cHoZ7dRXW2HapylsQk0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5k2/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVq1Uvm7VKvZbHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fksOMwA==</latexit>

Ls

<latexit sha1_base64="1pIBN71GeFflteGIZMU2IHI/4wU=">AAAB6XicbVA9SwNBEJ2LXzF+RS1tFoNgFe4komXAxsIiivmA5Ah7m71kyd7esTsnhCP/wMZCEVv/kZ3/xk1yhSY+GHi8N8PMvCCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9mfvuJayNi9YiThPsRHSoRCkbRSg93pl+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn80ik5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzN4mA6E5QzmxhDIt7K2EjaimDG04JRuCt/zyKmldVL1a9fK+VqnX8jiKcAKncA4eXEEdbqEBTWAQwjO8wpszdl6cd+dj0Vpw8plj+APn8wd1do1H</latexit>

1/Cs

<latexit sha1_base64="HeiR5bDZZcRNoFUxdbIlKFv1xgw=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU00kosdCLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJR8epIrRNYh6rXog15UzStmGG016iKBYhp91w2sz97hNVmsXy0cwSGgg8lixiBJtc8q6aelituXV3AbROvILUoEBrWP0ajGKSCioN4VjrvucmJsiwMoxwOq8MUk0TTKZ4TPuWSiyoDrLFrXN0YZURimJlSxq0UH9PZFhoPROh7RTYTPSql4v/ef3URHdBxmSSGirJclGUcmRilD+ORkxRYvjMEkwUs7ciMsEKE2PjqdgQvNWX10nnuu759ZsHv9bwizjKcAbncAke3EID7qEFbSAwgWd4hTdHOC/Ou/OxbC05xcwp/IHz+QNEF42y</latexit>

R

<latexit sha1_base64="kdn4pad71Lw7nSXuvv+xYIORIJc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseCF4+t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTjm5n/8IRK81jem0mCfkSHkoecUWOl5l2/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S9kXVq1Uvm7VKvZbHUYQTOIVz8OAK6nALDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fqwOM0A==</latexit>
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O AMPLIFICADOR OPERACIONAL (amp-op)

Embora muito útil em aplicações práticas o amp-op não é um elemento de sistemas
elétricos conforme vimos nos casos anteriores, pois é construído a partir de outros 
elementos (resistores, transistores). Um modelo já simplificado do amp-op:

+

+

+

-

+

-

A(ei2 - ei1)Zi

Zo

ei2

ei1

-

Entrada
Negativa

Entrada
Positiva

Aterramento

eofonte de 
tensão

O modelo acima ainda permite algumas simplificações, a seguir
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System Elements, Electrical f75 

as a resistor or capacitor, and some models cost less than a dollar. Also, like R,L, 
and C it is a basic building block used in a wide variety of practical circuits. In fact it 
is probably the most widely used integrated circuit device. While the broad range of 
types, performance, and cost prevents one from showing a “typical” op-amp, Fig. 
3-27 will give some idea of the size and internal circuitry of an integrated circuit 
model. Although this circuitry looks complex, and requires special electronics exper- 
tise to design, once “experts” have designed the op-amp, those with modest electro- 
nics background (including even “hobbyists” without engineering degrees) can use 
the op-amp to build instrumentation amplifiers, filters, controllers, analog signal 
processing devices, etc. A properly designed op-amp allows us to use certain simpli- 

Schematic Diagram 

Noninverting 
input 

Input 

t1Outputt 

Physical Dimensions 
(In Accordance with Connection Diagram 

0.370 JEDEC (TO-99) Outline) (Top View) 0.335, 

Offset r 4 ’NC 

V +  DC Power 

InputI nve rt n
2 

g w 60Ut pu t 

3 u O f f s e t  Null 
Noninverting 4 

input V DC Power 

Note: Pin 4 Connected to Case 

Figure 3-27 Integrated-circuit operational amplifier. 

Cont. …

Modelo “real” de um amp-op de circuito integrado1

1 Doebelin, E. O., Modeling, Analysis, Simulation, Design, M.D., 1998
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+

+

+

-

+

-

A(ei2 - ei1)

ei2

ei1

-
Aterramento

eofonte de 
tensão

Cont. ...

Ø Ganho A infinito ou muito grande
Ø Impedância de entrada Zi infinita (o amp-op não tira energia do circuito externo)
Ø Impedância de saída Zo nula
Ø Resposta instantânea no tempo
Ø Tensão de saída em uma faixa de projeto pré-estabelecida

+

-

A

No contexto de modelagem nos interessa avaliar como ele se comporta em
um circuito elétrico. Então …
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ei
+

-

-

+

eo

Zi Zfb.

.

A

i = 0

i = 0

n

Cont. ...

Seja o circuito abaixo composto da associação de elementos elétricos genéricos e, 
dentre eles um amp-op

izi

izb

Onde: 
Ø Zi é a impedância de entrada no circuito
Ø Zfb é chamada de impedância de feedback (retroalimentação)
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ei
+

-

-

+

eo

Zi Zfb.

.

A

i = 0

i = 0

n

izi

izb

Cont. ...

Então, como i = 0 : iZi = iZfb

<latexit sha1_base64="wjlX4oIk9gQek7lcbl0afBqBnPY=">AAAB+XicbZDLSsNAFIZPvNZ6i7p0M1gEVyWRim6EghuXFewF2xAm00k7dDIJM5NCCXkTNy4UceubuPNtnLRZaOsPAx//OYdz5g8SzpR2nG9rbX1jc2u7slPd3ds/OLSPjjsqTiWhbRLzWPYCrChngrY105z2EklxFHDaDSZ3Rb07pVKxWDzqWUK9CI8ECxnB2li+bTM/e2I5ukUFhEHu2zWn7syFVsEtoQalWr79NRjGJI2o0IRjpfquk2gvw1IzwmleHaSKJphM8Ij2DQocUeVl88tzdG6cIQpjaZ7QaO7+nshwpNQsCkxnhPVYLdcK879aP9XhjZcxkaSaCrJYFKYc6RgVMaAhk5RoPjOAiWTmVkTGWGKiTVhVE4K7/OVV6FzW3Ub96qFRazbKOCpwCmdwAS5cQxPuoQVtIDCFZ3iFNyuzXqx362PRumaVMyfwR9bnD+eAkyc=</latexit>

ei1

<latexit sha1_base64="yvRK75JDaTHi0Di5Ul+G4k12/dA=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV2J6DHgxWME84BkCbOTTjJmdmaZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEsGN9f1vb219Y3Nru7BT3N3bPzgsHR03jUo1wwZTQul2RA0KLrFhuRXYTjTSOBLYisa3M7/1hNpwJR/sJMEwpkPJB5xR66Qm9jIeTHulsl/x5yCrJMhJGXLUe6Wvbl+xNEZpmaDGdAI/sWFGteVM4LTYTQ0mlI3pEDuOShqjCbP5tVNy7pQ+GSjtSloyV39PZDQ2ZhJHrjOmdmSWvZn4n9dJ7eAmzLhMUouSLRYNUkGsIrPXSZ9rZFZMHKFMc3crYSOqKbMuoKILIVh+eZU0LytBtXJ1Xy3XqnkcBTiFM7iAAK6hBndQhwYweIRneIU3T3kv3rv3sWhd8/KZE/gD7/MHd8CPBg==</latexit>

ei2

<latexit sha1_base64="GYfGX9Ajn4bDaPFUQn3+PRtrNK4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKRY8FLx4r2A9oQ9lsJ+3azSbsboQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJYPZpqgH9GR5CFn1FipjYOM12aDcsWtuguQdeLlpAI5moPyV38YszRCaZigWvc8NzF+RpXhTOCs1E81JpRN6Ah7lkoaofazxbUzcmGVIQljZUsaslB/T2Q00noaBbYzomasV725+J/XS01442dcJqlByZaLwlQQE5P562TIFTIjppZQpri9lbAxVZQZG1DJhuCtvrxO2rWqV69e3dcrjXoeRxHO4BwuwYNraMAdNKEFDB7hGV7hzYmdF+fd+Vi2Fpx85hT+wPn8AXlFjwc=</latexit>

ei2 = 0

<latexit sha1_base64="5Urx23LCjcK+aD0E4gcdwBqfj/0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKRS9CwYvHCrYV21A220m7dLMJuxuhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBaxegioRsEltgw3Ah8ShTQKBHaC8c3M7zyh0jyW92aSoB/RoeQhZ9RY6RH7Ga9NyTVx++WKW3XnIKvEy0kFcjT75a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/OLp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms/fJgCtkRkwsoUxxeythI6ooMzakkg3BW355lbRrVa9evbirVxr1PI4inMApnIMHl9CAW2hCCxhIeIZXeHO08+K8Ox+L1oKTzxzDHzifPx2xj9w=</latexit>

Z
fb

(s) =
E

i1(s)� E
o

(s)

I
zfb

(s)

<latexit sha1_base64="8xwbtjJRwyUZnMp12izs//nAo74=">AAACGnicbZDLSgMxFIYz9VbrbdSlm2AR6sIyIxXdCAURdFfBXrAdhkyaaUMzF5KMUMM8hxtfxY0LRdyJG9/GTDsLbf0h8PGfczg5vxczKqRlfRuFhcWl5ZXiamltfWNzy9zeaYko4Zg0ccQi3vGQIIyGpCmpZKQTc4ICj5G2N7rI6u17wgWNwls5jokToEFIfYqR1JZr2neu8r20Ig7hOez5HGF16SpqZ86RpiiDVF276mHalrpm2apaE8F5sHMog1wN1/zs9SOcBCSUmCEhurYVS0chLilmJC31EkFihEdoQLoaQxQQ4ajJaSk80E4f+hHXL5Rw4v6eUCgQYhx4ujNAcihma5n5X62bSP/MUTSME0lCPF3kJwzKCGY5wT7lBEs21oAwp/qvEA+RzkfqNEs6BHv25HloHVftWvXkplau1/I4imAP7IMKsMEpqIMr0ABNgMEjeAav4M14Ml6Md+Nj2low8pld8EfG1w9XNZ/N</latexit>

I
zfb

(s) =
E

i1(s)� E
o

(s)

Z
fb

(s)

<latexit sha1_base64="HvvChylV5YSPoWYuU7qQp9gZTzY=">AAACHHicbZDLSgMxFIYzXmu9jbp0EyxCXVhmtKIboSCC7irYC7ZlyKSZNjRzIckINcyDuPFV3LhQxI0LwbcxM52Ftv4Q+PjPOZyc340YFdKyvo25+YXFpeXCSnF1bX1j09zaboow5pg0cMhC3naRIIwGpCGpZKQdcYJ8l5GWO7pI6617wgUNg1s5jkjPR4OAehQjqS3HPL521IPnJmVxAM9h1+MIq0tHUTtzDqHmMMVE3Tlq0pc4ZsmqWJngLNg5lECuumN+dvshjn0SSMyQEB3bimRPIS4pZiQpdmNBIoRHaEA6GgPkE9FT2XEJ3NdOH3oh1y+QMHN/TyjkCzH2Xd3pIzkU07XU/K/WiaV31lM0iGJJAjxZ5MUMyhCmScE+5QRLNtaAMKf6rxAPkQ5I6jyLOgR7+uRZaB5V7Grl5KZaqlXzOApgF+yBMrDBKaiBK1AHDYDBI3gGr+DNeDJejHfjY9I6Z+QzO+CPjK8fHhSgIQ==</latexit>

E
i

(s)� E
i1(s)

Z
i

(s)
=

E
i1(s)� E

o

(s)

Z
fb

(s)

<latexit sha1_base64="lXjI87AuBXzz1Ld3m2bpACd2RAk=">AAACL3icbVDLSgMxFM3UV62vUZdugkWoi5YZqehGKEjFZQX7wLYMmTTThmYeJBmhhPkjN/5KNyKKuPUvTKcjaOuBwOGcc7m5x40YFdKyXo3cyura+kZ+s7C1vbO7Z+4ftEQYc0yaOGQh77hIEEYD0pRUMtKJOEG+y0jbHV/P/PYj4YKGwb2cRKTvo2FAPYqR1JJj3vQ8jrCqO7QkTmEZ1h1F7UTzRD2kWgKv4E8ms8p1J8wSynPTsGMWrYqVAi4TOyNFkKHhmNPeIMSxTwKJGRKia1uR7CvEJcWMJIVeLEiE8BgNSVfTAPlE9FV6bwJPtDKAXsj1CyRM1d8TCvlCTHxXJ30kR2LRm4n/ed1Yepd9RYMoliTA80VezKAM4aw8OKCcYMkmmiDMqf4rxCOky5G64oIuwV48eZm0zip2tXJ+Vy3WqlkdeXAEjkEJ2OAC1MAtaIAmwOAJTMEbeDeejRfjw/icR3NGNnMI/sD4+gaugqcH</latexit>

Zi(s) =
Ei(s)� Ei1(s)

Izi(s)

<latexit sha1_base64="JrzJT9gTBwmT3OPG5RRFYRc2h+8=">AAACFHicbZDLSgMxFIYz9VbrbdSlm2ARKmKZkYpuhIIUdFfBXrAtQybNtKGZC0lGqGEewo2v4saFIm5duPNtTKez0NYfAl/+cw7J+d2IUSEt69vILSwuLa/kVwtr6xubW+b2TlOEMcekgUMW8raLBGE0IA1JJSPtiBPku4y03NHlpN66J1zQMLiV44j0fDQIqEcxktpyzKM7h5bEIbyAXY8jrGrp9bjmKGonmhJ17agHmqJjFq2ylQrOg51BEWSqO+ZXtx/i2CeBxAwJ0bGtSPYU4pJiRpJCNxYkQniEBqSjMUA+ET2VLpXAA+30oRdyfQIJU/f3hEK+EGPf1Z0+kkMxW5uY/9U6sfTOe4oGUSxJgKcPeTGDMoSThGCfcoIlG2tAmFP9V4iHSIcjdY4FHYI9u/I8NE/KdqV8elMpVitZHHmwB/ZBCdjgDFTBFaiDBsDgETyDV/BmPBkvxrvxMW3NGdnMLvgj4/MH7Cyc3Q==</latexit>

Izi(s) =
Ei(s)� Ei1(s)

Zi(s)

<latexit sha1_base64="ZdKMhVVS8rd0VWFosBP3mYtjZ+g=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARKmhJpKIboSAF3VWwF2xDmEwn7dDJhZmJUENewo2v4saFIm4Fd76NkzQLbf1h4Jv/nMPM+Z2QUSEN41srLCwuLa8UV0tr6xubW/r2TlsEEcekhQMW8K6DBGHUJy1JJSPdkBPkOYx0nPFlWu/cEy5o4N/KSUgsDw196lKMpLJs/ejajh9oUhGHF7DvcoTjhk3V7bhhx9RM/SS+U5iRrZeNqpEJzoOZQxnkatr6V38Q4MgjvsQMCdEzjVBaMeKSYkaSUj8SJER4jIakp9BHHhFWnG2VwAPlDKAbcHV8CTP390SMPCEmnqM6PSRHYraWmv/VepF0z62Y+mEkiY+nD7kRgzKAaURwQDnBkk0UIMyp+ivEI6SykSrIkgrBnF15HtonVbNWPb2pleu1PI4i2AP7oAJMcAbq4Ao0QQtg8AiewSt40560F+1d+5i2FrR8Zhf8kfb5A32Inb8=</latexit>

=)

<latexit sha1_base64="oT/wtjds5UjWvRDClaPLJkYmgdU=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFOIloGbCwsIpgPSI6wt9lLluztHrtzSjzyS2wsFLH1p9j5b9wkV2jig4HHezPMzAsTwQ143rdTWFvf2Nwqbpd2dvf2y+7BYcuoVFPWpEoo3QmJYYJL1gQOgnUSzUgcCtYOx9czv/3AtOFK3sMkYUFMhpJHnBKwUt8t926VHGo+HAHRWj323YpX9ebAq8TPSQXlaPTdr95A0TRmEqggxnR9L4EgIxo4FWxa6qWGJYSOyZB1LZUkZibI5odP8alVBjhS2pYEPFd/T2QkNmYSh7YzJjAyy95M/M/rphBdBRmXSQpM0sWiKBUYFJ6lgAdcMwpiYgmhmttbMR0RTSjYrEo2BH/55VXSOq/6terFXa1Sr+VxFNExOkFnyEeXqI5uUAM1EUUpekav6M15cl6cd+dj0Vpw8pkj9AfO5w8+epNw</latexit>

=)

<latexit sha1_base64="oT/wtjds5UjWvRDClaPLJkYmgdU=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFOIloGbCwsIpgPSI6wt9lLluztHrtzSjzyS2wsFLH1p9j5b9wkV2jig4HHezPMzAsTwQ143rdTWFvf2Nwqbpd2dvf2y+7BYcuoVFPWpEoo3QmJYYJL1gQOgnUSzUgcCtYOx9czv/3AtOFK3sMkYUFMhpJHnBKwUt8t926VHGo+HAHRWj323YpX9ebAq8TPSQXlaPTdr95A0TRmEqggxnR9L4EgIxo4FWxa6qWGJYSOyZB1LZUkZibI5odP8alVBjhS2pYEPFd/T2QkNmYSh7YzJjAyy95M/M/rphBdBRmXSQpM0sWiKBUYFJ6lgAdcMwpiYgmhmttbMR0RTSjYrEo2BH/55VXSOq/6terFXa1Sr+VxFNExOkFnyEeXqI5uUAM1EUUpekav6M15cl6cd+dj0Vpw8pkj9AfO5w8+epNw</latexit>

=)

<latexit sha1_base64="oT/wtjds5UjWvRDClaPLJkYmgdU=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFOIloGbCwsIpgPSI6wt9lLluztHrtzSjzyS2wsFLH1p9j5b9wkV2jig4HHezPMzAsTwQ143rdTWFvf2Nwqbpd2dvf2y+7BYcuoVFPWpEoo3QmJYYJL1gQOgnUSzUgcCtYOx9czv/3AtOFK3sMkYUFMhpJHnBKwUt8t926VHGo+HAHRWj323YpX9ebAq8TPSQXlaPTdr95A0TRmEqggxnR9L4EgIxo4FWxa6qWGJYSOyZB1LZUkZibI5odP8alVBjhS2pYEPFd/T2QkNmYSh7YzJjAyy95M/M/rphBdBRmXSQpM0sWiKBUYFJ6lgAdcMwpiYgmhmttbMR0RTSjYrEo2BH/55VXSOq/6terFXa1Sr+VxFNExOkFnyEeXqI5uUAM1EUUpekav6M15cl6cd+dj0Vpw8pkj9AfO5w8+epNw</latexit>

=)

<latexit sha1_base64="oT/wtjds5UjWvRDClaPLJkYmgdU=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFOIloGbCwsIpgPSI6wt9lLluztHrtzSjzyS2wsFLH1p9j5b9wkV2jig4HHezPMzAsTwQ143rdTWFvf2Nwqbpd2dvf2y+7BYcuoVFPWpEoo3QmJYYJL1gQOgnUSzUgcCtYOx9czv/3AtOFK3sMkYUFMhpJHnBKwUt8t926VHGo+HAHRWj323YpX9ebAq8TPSQXlaPTdr95A0TRmEqggxnR9L4EgIxo4FWxa6qWGJYSOyZB1LZUkZibI5odP8alVBjhS2pYEPFd/T2QkNmYSh7YzJjAyy95M/M/rphBdBRmXSQpM0sWiKBUYFJ6lgAdcMwpiYgmhmttbMR0RTSjYrEo2BH/55VXSOq/6terFXa1Sr+VxFNExOkFnyEeXqI5uUAM1EUUpekav6M15cl6cd+dj0Vpw8pkj9AfO5w8+epNw</latexit>

zi =
ei � ei1

izi

<latexit sha1_base64="13WgvNau5n4zExbZ1pwJy6UNn9E=">AAACCnicbZC7SgNBFIZnvcZ4W7W0GQ2CjWFXItoIARvLCOYCSVhmJ2eTIbMXZmaFZNjaxlexsVDE1iew822cJFto4g8DH/85hzPn9xPOpHKcb2tpeWV1bb2wUdzc2t7Ztff2GzJOBYU6jXksWj6RwFkEdcUUh1YigIQ+h6Y/vJnUmw8gJIujezVKoBuSfsQCRokylmcfjT2Gr3EnEIRqMHyGwdPMzTLNPD1mWebZJafsTIUXwc 2hhHLVPPur04tpGkKkKCdStl0nUV1NhGKUQ1bspBISQoekD22DEQlBdvX0lAyfGKeHg1iYFyk8dX9PaBJKOQp90xkSNZDztYn5X62dquCqq1mUpAoiOlsUpByrGE9ywT0mgCo+MkCoYOavmA6ISUWZ9IomBHf+5EVonJfdSvnirlKqVvI4CugQHaNT5KJLVEW3qIbqiKJH9Ixe0Zv1ZL1Y79bHrHXJymcO0B9Znz+IqJop</latexit>

z
fb

=
e
i1 � e

o

i
zfb

<latexit sha1_base64="em8XDZjEHHqYPlDzHz1UIjJ8leY=">AAACD3icbVDLSgMxFM3UV62vUZdugqXixjIjFd0IBTcuK9gHtMOQSTNtaCYzJBmhDfMHbvwVNy4UcevWnX9j2s5CWw+EezjnXnLvCRJGpXKcb6uwsrq2vlHcLG1t7+zu2fsHLRmnApMmjlksOgGShFFOmooqRjqJICgKGGkHo5up334gQtKY36txQrwIDTgNKUbKSL59MvF1GGTwGvZCgbAmvqZudgZNjbNMU19PjJ35dtmpOjPAZeLmpAxyNHz7q9ePcRoRrjBDUnZdJ1GeRkJRzEhW6qWSJAiP0IB0DeUoItLTs3syWDFKH4axMI8rOFN/T2gUSTmOzNqVCKmhXPSm4n9eN1XhlacpT1JFOJ5/FKYMqhhOw4F9KghWbGwIwoKaXSEeIpOLMhGWTAju4snLpHVedWvVi7tauV7L4yiCI3AMToELLkEd3IIGaAIMHsEzeAVv1pP1Yr1bH/PWgpXPHII/sD5/AHvunO8=</latexit>
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Cont. ...

E, desta última expressão podemos determinar a F.T. para o circuito com o amp-op:

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>

ei
+

-

-

+

eo

.

.

A

Vejamos um exemplo:

R

CR
C

Zi(s) = R+
1

Cs

<latexit sha1_base64="m4pSBiwm+c3g8kabDpjVKejLmEI=">AAACAnicbVDJSgNBEK2JW4zbqCfx0hiEiBBmJKIXIZCLxyhmwWQYejo9SZOehe4eIQyDF3/FiwdFvPoV3vwbO8tBEx8UPN6roqqeF3MmlWV9G7ml5ZXVtfx6YWNza3vH3N1ryigRhDZIxCPR9rCknIW0oZjitB0LigOP05Y3rI391gMVkkXhnRrF1AlwP2Q+I1hpyTUP7l1WkifoCt2iU9T1BSapnaU1mblm0SpbE6BFYs9IEWaou+ZXtxeRJKChIhxL2bGtWDkpFooRTrNCN5E0xmSI+7SjaYgDKp108kKGjrXSQ34kdIUKTdTfEykOpBwFnu4MsBrIeW8s/ud1EuVfOikL40TRkEwX+QlHKkLjPFCPCUoUH2mCiWD6VkQGWMegdGoFHYI9//IiaZ6V7Ur5/KZSrFZmceThEI6gBDZcQBWuoQ4NIPAIz/AKb8aT8WK8Gx/T1pwxm9mHPzA+fwB8FpWO</latexit>

Zfb(s) =
R( 1

Cs )

R+ 1
Cs

<latexit sha1_base64="P+Ce0KsRbUTD5PsNLIQb6H5hyCM=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0VoEUoiEd0IhW5c1mIf2IYymU7aoZNJmJkIJeRH3Pgrblwo4sKN+DdO2yxq64HLPZxzLzP3eBGjUlnWj5FbW9/Y3MpvF3Z29/YPzMOjlgxjgUkThywUHQ9JwignTUUVI51IEBR4jLS9cW3qtx+JkDTk92oSETdAQ059ipHSUt90HvqJ76UlWYY3sOcLhJNGad7tNKnJtJwmDXgOF6W0bxatijUDXCV2RoogQ71vfvUGIY4DwhVmSMqubUXKTZBQFDOSFnqxJBHCYzQkXU05Coh0k9l1KTzTygD6odDFFZypixsJCqScBJ6eDJAayWVvKv7ndWPlX7sJ5VGsCMfzh/yYQRXCaVRwQAXBik00QVhQ/VeIR0jnoHSgBR2CvXzyKmldVGyncnnnFKtOFkcenIBTUAI2uAJVcAvqoAkweAIv4A28G8/Gq/FhfM5Hc0a2cwz+wPj+BRjKoU0=</latexit>

E
o

(s)

E
i

(s)
= � RCs

R2C2s2 + 2RCs+ 1

<latexit sha1_base64="7/aDC0fsQf5lQ2JDXeyHPVCjXV4="></latexit>

=
)

<latexit sha1_base64="oT/wtjds5UjWvRDClaPLJkYmgdU=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFOIloGbCwsIpgPSI6wt9lLluztHrtzSjzyS2wsFLH1p9j5b9wkV2jig4HHezPMzAsTwQ143rdTWFvf2Nwqbpd2dvf2y+7BYcuoVFPWpEoo3QmJYYJL1gQOgnUSzUgcCtYOx9czv/3AtOFK3sMkYUFMhpJHnBKwUt8t926VHGo+HAHRWj323YpX9ebAq8TPSQXlaPTdr95A0TRmEqggxnR9L4EgIxo4FWxa6qWGJYSOyZB1LZUkZibI5odP8alVBjhS2pYEPFd/T2QkNmYSh7YzJjAyy95M/M/rphBdBRmXSQpM0sWiKBUYFJ6lgAdcMwpiYgmhmttbMR0RTSjYrEo2BH/55VXSOq/6terFXa1Sr+VxFNExOkFnyEeXqI5uUAM1EUUpekav6M15cl6cd+dj0Vpw8pkj9AfO5w8+epNw</latexit> =
)

<latexit sha1_base64="oT/wtjds5UjWvRDClaPLJkYmgdU=">AAAB+HicbVA9SwNBEN2LXzF+5NTSZjEIVuFOIloGbCwsIpgPSI6wt9lLluztHrtzSjzyS2wsFLH1p9j5b9wkV2jig4HHezPMzAsTwQ143rdTWFvf2Nwqbpd2dvf2y+7BYcuoVFPWpEoo3QmJYYJL1gQOgnUSzUgcCtYOx9czv/3AtOFK3sMkYUFMhpJHnBKwUt8t926VHGo+HAHRWj323YpX9ebAq8TPSQXlaPTdr95A0TRmEqggxnR9L4EgIxo4FWxa6qWGJYSOyZB1LZUkZibI5odP8alVBjhS2pYEPFd/T2QkNmYSh7YzJjAyy95M/M/rphBdBRmXSQpM0sWiKBUYFJ6lgAdcMwpiYgmhmttbMR0RTSjYrEo2BH/55VXSOq/6terFXa1Sr+VxFNExOkFnyEeXqI5uUAM1EUUpekav6M15cl6cd+dj0Vpw8pkj9AfO5w8+epNw</latexit>

ZR =
E(s)

I(s)
= R

<latexit sha1_base64="n/FsUd1VzpSQL3EBwfgiEKw+3rg=">AAACBHicbVC7SgNBFL3rM8bXqmWawSDEJuxKRBshIIJ2MZgHJssyO5lNhsw+mJkVwpLCxl+xsVDE1o+w82+cTVJo4oF7OZxzLzP3eDFnUlnWt7G0vLK6tp7byG9ube/smnv7TRklgtAGiXgk2h6WlLOQNhRTnLZjQXHgcdryhpeZ33qgQrIovFOjmDoB7ofMZwQrLblm4d6towvU9QUm6VVJHo/Tm6xrre6aRatsTYAWiT0jRZih5ppf3V5EkoCGinAsZce2YuWkWChGOB3nu4mkMSZD3KcdTUMcUOmkkyPG6EgrPeRHQleo0ET9vZHiQMpR4OnJAKuBnPcy8T+vkyj/3ElZGCeKhmT6kJ9wpCKUJYJ6TFCi+EgTTATTf0VkgHUeSueW1yHY8ycvkuZJ2a6UT28rxWplFkcOCnAIJbDhDKpwDTVoAIFHeIZXeDOejBfj3fiYji4Zs50D+APj8wd61ZYI</latexit>

ZC =
E(s)

I(s)
=

1

Cs

<latexit sha1_base64="Y8GAD7ZHD2xG+RPyem7kMmg0uHA=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0Wpm5JIRTdCoQi6q2Af2IYwmU7aoZNJmJkIJeQP3Pgrblwo4tatO//GSRtEqwfu5XDOvczc40WMSmVZn0ZhYXFpeaW4Wlpb39jcMrd32jKMBSYtHLJQdD0kCaOctBRVjHQjQVDgMdLxxo3M79wRIWnIb9QkIk6Ahpz6FCOlJdc8vHUb8Bz2fYFwclGRR2lylfVvzU6Thkxds2xVrSngX2LnpAxyNF3zoz8IcRwQrjBDUvZsK1JOgoSimJG01I8liRAeoyHpacpRQKSTTO9J4YFWBtAPhS6u4FT9uZGgQMpJ4OnJAKmRnPcy8T+vFyv/zEkoj2JFOJ495McMqhBm4cABFQQrNtEEYUH1XyEeIR2D0hGWdAj2/Ml/Sfu4ateqJ9e1cr2Wx1EEe2AfVIANTkEdXIImaAEM7sEjeAYvxoPxZLwab7PRgpHv7IJfMN6/ADvXmuQ=</latexit>
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