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Aula 13

Eletrodinâmica
Campos elétricos e magnéticos  variando no tempo 



Indutância



Indutância

~B1
<latexit sha1_base64="1o1rp7jFSSkBYdHL8Qu2yJjkkfg="></latexit><latexit sha1_base64="1o1rp7jFSSkBYdHL8Qu2yJjkkfg="></latexit><latexit sha1_base64="1o1rp7jFSSkBYdHL8Qu2yJjkkfg="></latexit><latexit sha1_base64="1o1rp7jFSSkBYdHL8Qu2yJjkkfg="></latexit>

d~a2
<latexit sha1_base64="L9xPAClNWQnJSHpvpm5KpsBVXpY="></latexit><latexit sha1_base64="L9xPAClNWQnJSHpvpm5KpsBVXpY="></latexit><latexit sha1_base64="L9xPAClNWQnJSHpvpm5KpsBVXpY="></latexit><latexit sha1_base64="L9xPAClNWQnJSHpvpm5KpsBVXpY="></latexit>

d~l2
<latexit sha1_base64="KQD2POmR6Lgu4SSKyNsHEAjna9g="></latexit><latexit sha1_base64="KQD2POmR6Lgu4SSKyNsHEAjna9g="></latexit><latexit sha1_base64="KQD2POmR6Lgu4SSKyNsHEAjna9g="></latexit><latexit sha1_base64="KQD2POmR6Lgu4SSKyNsHEAjna9g="></latexit>

d~l2
<latexit sha1_base64="KQD2POmR6Lgu4SSKyNsHEAjna9g="></latexit><latexit sha1_base64="KQD2POmR6Lgu4SSKyNsHEAjna9g="></latexit><latexit sha1_base64="KQD2POmR6Lgu4SSKyNsHEAjna9g="></latexit><latexit sha1_base64="KQD2POmR6Lgu4SSKyNsHEAjna9g="></latexit>

C2

I1 C1

d~l1
<latexit sha1_base64="jL8O3YBHlm1qFyweCDqB+F0y0VE="></latexit><latexit sha1_base64="jL8O3YBHlm1qFyweCDqB+F0y0VE="></latexit><latexit sha1_base64="jL8O3YBHlm1qFyweCDqB+F0y0VE="></latexit><latexit sha1_base64="jL8O3YBHlm1qFyweCDqB+F0y0VE="></latexit>

d~a1
<latexit sha1_base64="u59bMCQdCqldFQlh2ZqZY0KrYHs="></latexit><latexit sha1_base64="u59bMCQdCqldFQlh2ZqZY0KrYHs="></latexit><latexit sha1_base64="u59bMCQdCqldFQlh2ZqZY0KrYHs="></latexit><latexit sha1_base64="u59bMCQdCqldFQlh2ZqZY0KrYHs="></latexit>

~B1
<latexit sha1_base64="1o1rp7jFSSkBYdHL8Qu2yJjkkfg="></latexit><latexit sha1_base64="1o1rp7jFSSkBYdHL8Qu2yJjkkfg="></latexit><latexit sha1_base64="1o1rp7jFSSkBYdHL8Qu2yJjkkfg="></latexit><latexit sha1_base64="1o1rp7jFSSkBYdHL8Qu2yJjkkfg="></latexit>

d~l1
<latexit sha1_base64="jL8O3YBHlm1qFyweCDqB+F0y0VE="></latexit><latexit sha1_base64="jL8O3YBHlm1qFyweCDqB+F0y0VE="></latexit><latexit sha1_base64="jL8O3YBHlm1qFyweCDqB+F0y0VE="></latexit><latexit sha1_base64="jL8O3YBHlm1qFyweCDqB+F0y0VE="></latexit>

�2 = I1 M21
<latexit sha1_base64="o0iktqRzymDAPHH7ZWgJu70O5d4="></latexit><latexit sha1_base64="o0iktqRzymDAPHH7ZWgJu70O5d4="></latexit><latexit sha1_base64="o0iktqRzymDAPHH7ZWgJu70O5d4="></latexit><latexit sha1_base64="o0iktqRzymDAPHH7ZWgJu70O5d4="></latexit>

O coeficiente M21 é a Indutância Mútua
Depende só da geometria das espiras :

Quando ligamos a corrente em C1 surge o 
campo magnético B1 na espira 2, que gera 
o fluxo



�2 = I1 M21
<latexit sha1_base64="o0iktqRzymDAPHH7ZWgJu70O5d4="></latexit><latexit sha1_base64="o0iktqRzymDAPHH7ZWgJu70O5d4="></latexit><latexit sha1_base64="o0iktqRzymDAPHH7ZWgJu70O5d4="></latexit><latexit sha1_base64="o0iktqRzymDAPHH7ZWgJu70O5d4="></latexit>

M21 =

"
µ0

4⇡

I

C2

I

C1

d~l1 . d~l2
r

#

<latexit sha1_base64="GpErmODa621rWio2xEbn9pk49ag="></latexit><latexit sha1_base64="GpErmODa621rWio2xEbn9pk49ag="></latexit><latexit sha1_base64="GpErmODa621rWio2xEbn9pk49ag="></latexit><latexit sha1_base64="GpErmODa621rWio2xEbn9pk49ag="></latexit>

M21 = M12 = M
<latexit sha1_base64="7gV++fIvYx2bCJKAfCZpw+9QPD4="></latexit><latexit sha1_base64="7gV++fIvYx2bCJKAfCZpw+9QPD4="></latexit><latexit sha1_base64="7gV++fIvYx2bCJKAfCZpw+9QPD4="></latexit><latexit sha1_base64="7gV++fIvYx2bCJKAfCZpw+9QPD4="></latexit>

Fórmula de Neumann

I

�
<latexit sha1_base64="Xj0Dwa+MR/yeAlU6dgZnnIGd358="></latexit><latexit sha1_base64="Xj0Dwa+MR/yeAlU6dgZnnIGd358="></latexit><latexit sha1_base64="Xj0Dwa+MR/yeAlU6dgZnnIGd358="></latexit><latexit sha1_base64="Xj0Dwa+MR/yeAlU6dgZnnIGd358="></latexit>

I �
<latexit sha1_base64="Xj0Dwa+MR/yeAlU6dgZnnIGd358="></latexit><latexit sha1_base64="Xj0Dwa+MR/yeAlU6dgZnnIGd358="></latexit><latexit sha1_base64="Xj0Dwa+MR/yeAlU6dgZnnIGd358="></latexit><latexit sha1_base64="Xj0Dwa+MR/yeAlU6dgZnnIGd358="></latexit>

Mesma corrente gera o mesmo fluxo, mesmo trocando as espiras !



�2 = M I1
<latexit sha1_base64="nHwwDJcjJJlyyECLJjhU61CzmbQ="></latexit><latexit sha1_base64="nHwwDJcjJJlyyECLJjhU61CzmbQ="></latexit><latexit sha1_base64="nHwwDJcjJJlyyECLJjhU61CzmbQ="></latexit><latexit sha1_base64="nHwwDJcjJJlyyECLJjhU61CzmbQ="></latexit>

Corrente I1 em C1 gera um fluxo em S2

Variando a corrente I1 :

✏2 = �d�2

dt
<latexit sha1_base64="Xr+YWEikKTkEJK6AXFWsBetQhxQ="></latexit><latexit sha1_base64="Xr+YWEikKTkEJK6AXFWsBetQhxQ="></latexit><latexit sha1_base64="Xr+YWEikKTkEJK6AXFWsBetQhxQ="></latexit><latexit sha1_base64="Xr+YWEikKTkEJK6AXFWsBetQhxQ="></latexit>

d�2

dt
= M

dI1
dt

<latexit sha1_base64="MDPuHSJfSs+xlUUi/1zGnXOyJ0Q="></latexit><latexit sha1_base64="MDPuHSJfSs+xlUUi/1zGnXOyJ0Q="></latexit><latexit sha1_base64="MDPuHSJfSs+xlUUi/1zGnXOyJ0Q="></latexit><latexit sha1_base64="MDPuHSJfSs+xlUUi/1zGnXOyJ0Q="></latexit>

Aparece uma FEM em S2 :

✏2 = �M
dI1
dt

<latexit sha1_base64="uWuVFk0n/ParjU9+0MmMg2ivM3I="></latexit><latexit sha1_base64="uWuVFk0n/ParjU9+0MmMg2ivM3I="></latexit><latexit sha1_base64="uWuVFk0n/ParjU9+0MmMg2ivM3I="></latexit><latexit sha1_base64="uWuVFk0n/ParjU9+0MmMg2ivM3I="></latexit>



Variando a corrente I1 ,  varia o fluxo em S1 :

�1 =

I

S1

~B1 . d~a1
<latexit sha1_base64="dS692ri+ioaQcwV8Myj5jIhlKm0="></latexit><latexit sha1_base64="dS692ri+ioaQcwV8Myj5jIhlKm0="></latexit><latexit sha1_base64="dS692ri+ioaQcwV8Myj5jIhlKm0="></latexit><latexit sha1_base64="dS692ri+ioaQcwV8Myj5jIhlKm0="></latexit>

~B1 =
µ0

4⇡
I1

I

C1

d~l1 ⇥ r̂

r2
<latexit sha1_base64="sBgN3vLJDKlwtZY8IWfWGUMBM9M="></latexit><latexit sha1_base64="sBgN3vLJDKlwtZY8IWfWGUMBM9M="></latexit><latexit sha1_base64="sBgN3vLJDKlwtZY8IWfWGUMBM9M="></latexit><latexit sha1_base64="sBgN3vLJDKlwtZY8IWfWGUMBM9M="></latexit>

Biot-Savart

�1 =
µ0

4⇡
I1

Z

S1

I

C1

 
d~l1 ⇥ r̂

r2

!
. d~a1

<latexit sha1_base64="txQ9wOHV3YnGdhUZvEIJpLywsw0="></latexit><latexit sha1_base64="txQ9wOHV3YnGdhUZvEIJpLywsw0="></latexit><latexit sha1_base64="txQ9wOHV3YnGdhUZvEIJpLywsw0="></latexit><latexit sha1_base64="txQ9wOHV3YnGdhUZvEIJpLywsw0="></latexit>

= I1

"
µ0

4⇡

Z

S1

I

C1

 
d~l1 ⇥ r̂

r2

!
. d~a1

#

<latexit sha1_base64="Uva+9g3NdVVqdUnyMqtVlrer57w="></latexit><latexit sha1_base64="Uva+9g3NdVVqdUnyMqtVlrer57w="></latexit><latexit sha1_base64="Uva+9g3NdVVqdUnyMqtVlrer57w="></latexit><latexit sha1_base64="Uva+9g3NdVVqdUnyMqtVlrer57w="></latexit>

�1 = LI1
<latexit sha1_base64="Dw9JhWFODjC8jDHBuKWYZ7qHFJU="></latexit><latexit sha1_base64="Dw9JhWFODjC8jDHBuKWYZ7qHFJU="></latexit><latexit sha1_base64="Dw9JhWFODjC8jDHBuKWYZ7qHFJU="></latexit><latexit sha1_base64="Dw9JhWFODjC8jDHBuKWYZ7qHFJU="></latexit>

L = Auto-Indutância

L

Auto-Indutância

I1

S1



Auto-Indutância

I

�
<latexit sha1_base64="6tyAB5YCWnD/qTNJZSP1ab1F8Ts="></latexit><latexit sha1_base64="6tyAB5YCWnD/qTNJZSP1ab1F8Ts="></latexit><latexit sha1_base64="6tyAB5YCWnD/qTNJZSP1ab1F8Ts="></latexit><latexit sha1_base64="6tyAB5YCWnD/qTNJZSP1ab1F8Ts="></latexit>

~B
<latexit sha1_base64="GnVF4CZm7V0CPqHK0++yUDd3Ins="></latexit><latexit sha1_base64="GnVF4CZm7V0CPqHK0++yUDd3Ins="></latexit><latexit sha1_base64="GnVF4CZm7V0CPqHK0++yUDd3Ins="></latexit><latexit sha1_base64="GnVF4CZm7V0CPqHK0++yUDd3Ins="></latexit>

Iind

~Eind
<latexit sha1_base64="vfrOOcNgEkIWTZAcxDA7ZspCD5A="></latexit><latexit sha1_base64="vfrOOcNgEkIWTZAcxDA7ZspCD5A="></latexit><latexit sha1_base64="vfrOOcNgEkIWTZAcxDA7ZspCD5A="></latexit><latexit sha1_base64="vfrOOcNgEkIWTZAcxDA7ZspCD5A="></latexit>

~Bind
<latexit sha1_base64="MAQfwMu+EIecP9HP5JKFAI/7iL8="></latexit><latexit sha1_base64="MAQfwMu+EIecP9HP5JKFAI/7iL8="></latexit><latexit sha1_base64="MAQfwMu+EIecP9HP5JKFAI/7iL8="></latexit><latexit sha1_base64="MAQfwMu+EIecP9HP5JKFAI/7iL8="></latexit>

⌦
<latexit sha1_base64="5N+UxNA1Q45nd1hfSgi/IXysLr8="></latexit><latexit sha1_base64="5N+UxNA1Q45nd1hfSgi/IXysLr8="></latexit><latexit sha1_base64="5N+UxNA1Q45nd1hfSgi/IXysLr8="></latexit><latexit sha1_base64="5N+UxNA1Q45nd1hfSgi/IXysLr8="></latexit>

� = LI
<latexit sha1_base64="Ak/Ay90cPx78Q9aKmDa8zrJNiUo="></latexit><latexit sha1_base64="Ak/Ay90cPx78Q9aKmDa8zrJNiUo="></latexit><latexit sha1_base64="Ak/Ay90cPx78Q9aKmDa8zrJNiUo="></latexit><latexit sha1_base64="Ak/Ay90cPx78Q9aKmDa8zrJNiUo="></latexit>

A indutância gera uma FEM:

Unidade de indutância: Henry = Volt X segundo/ Ampere

✏ = �L
dI

dt
<latexit sha1_base64="K1Ut4WLX8PFm44Un1bIMS3CfefU="></latexit><latexit sha1_base64="K1Ut4WLX8PFm44Un1bIMS3CfefU="></latexit><latexit sha1_base64="K1Ut4WLX8PFm44Un1bIMS3CfefU="></latexit><latexit sha1_base64="K1Ut4WLX8PFm44Un1bIMS3CfefU="></latexit>

✏ = �d�

dt
<latexit sha1_base64="JWpM+VSAgxI6/8F1pejKef6WHzk="></latexit><latexit sha1_base64="JWpM+VSAgxI6/8F1pejKef6WHzk="></latexit><latexit sha1_base64="JWpM+VSAgxI6/8F1pejKef6WHzk="></latexit><latexit sha1_base64="JWpM+VSAgxI6/8F1pejKef6WHzk="></latexit>



Circuitos com Indutância

Quando ligamos o sistema ele ”reage”  e demora a atingir a corrente certa!

Circuito sem indutância: 

(Lei de Ohm)

✏0 = RI
<latexit sha1_base64="2aPIw08j4eSO7nnSpRf1+VYQxnk="></latexit><latexit sha1_base64="2aPIw08j4eSO7nnSpRf1+VYQxnk="></latexit><latexit sha1_base64="2aPIw08j4eSO7nnSpRf1+VYQxnk="></latexit><latexit sha1_base64="2aPIw08j4eSO7nnSpRf1+VYQxnk="></latexit>

Circuito com indutância: 



Energia  Magnética
É a energia gasta pelo agente externo contra o campo elétrico induzido, 
quando ele  inicia a corrente no circuito e cria o campo magnético !

A energia eletrostática é aquela necessária para ”montar” (trazendo do 
infinito) uma distribuição de cargas. 

A energia magnética é aquela necessária para ”montar” um circuito elétrico
fechado percorrido por uma corrente estacionária, onde há um loop através
do qual passa um fluxo de B.

~B = 0
<latexit sha1_base64="havcHtwp7vmG0YWURrg+jwATsq4="></latexit><latexit sha1_base64="havcHtwp7vmG0YWURrg+jwATsq4="></latexit><latexit sha1_base64="havcHtwp7vmG0YWURrg+jwATsq4="></latexit><latexit sha1_base64="havcHtwp7vmG0YWURrg+jwATsq4="></latexit>

� = 0
<latexit sha1_base64="z8jSzcY8Iz/zycLlV3rtAXSg/0c="></latexit><latexit sha1_base64="z8jSzcY8Iz/zycLlV3rtAXSg/0c="></latexit><latexit sha1_base64="z8jSzcY8Iz/zycLlV3rtAXSg/0c="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="X5RWdWMJkDIXhdYOO/1dzItFbuU="></latexit><latexit sha1_base64="X5RWdWMJkDIXhdYOO/1dzItFbuU="></latexit><latexit sha1_base64="QjqLXbd75cPbI94OxH1+kt12f/U="></latexit><latexit sha1_base64="z8jSzcY8Iz/zycLlV3rtAXSg/0c="></latexit><latexit sha1_base64="z8jSzcY8Iz/zycLlV3rtAXSg/0c="></latexit><latexit sha1_base64="z8jSzcY8Iz/zycLlV3rtAXSg/0c="></latexit><latexit sha1_base64="z8jSzcY8Iz/zycLlV3rtAXSg/0c="></latexit><latexit sha1_base64="z8jSzcY8Iz/zycLlV3rtAXSg/0c="></latexit><latexit sha1_base64="z8jSzcY8Iz/zycLlV3rtAXSg/0c="></latexit>

�
<latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit><latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit><latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit><latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit>

~B
<latexit sha1_base64="Ku25kkk+V97hTGXULMOEbAYopPo="></latexit><latexit sha1_base64="Ku25kkk+V97hTGXULMOEbAYopPo="></latexit><latexit sha1_base64="Ku25kkk+V97hTGXULMOEbAYopPo="></latexit><latexit sha1_base64="Ku25kkk+V97hTGXULMOEbAYopPo="></latexit>

I

� 6= 0
<latexit sha1_base64="fwr2EFy0p+aaZD2cPsRk4rTpVPM="></latexit><latexit sha1_base64="fwr2EFy0p+aaZD2cPsRk4rTpVPM="></latexit><latexit sha1_base64="fwr2EFy0p+aaZD2cPsRk4rTpVPM="></latexit><latexit sha1_base64="fwr2EFy0p+aaZD2cPsRk4rTpVPM="></latexit>

~B 6= 0
<latexit sha1_base64="7lhCUPxHZCS7sulFNBsn/bVNrDk="></latexit><latexit sha1_base64="7lhCUPxHZCS7sulFNBsn/bVNrDk="></latexit><latexit sha1_base64="7lhCUPxHZCS7sulFNBsn/bVNrDk="></latexit><latexit sha1_base64="7lhCUPxHZCS7sulFNBsn/bVNrDk="></latexit>

varia no tempo !

�
<latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit><latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit><latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit><latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit>

~B
<latexit sha1_base64="Ku25kkk+V97hTGXULMOEbAYopPo="></latexit><latexit sha1_base64="Ku25kkk+V97hTGXULMOEbAYopPo="></latexit><latexit sha1_base64="Ku25kkk+V97hTGXULMOEbAYopPo="></latexit><latexit sha1_base64="Ku25kkk+V97hTGXULMOEbAYopPo="></latexit>

I
~E

<latexit sha1_base64="ze1R0WapkwPH+PwbV4MyGHscf1c="></latexit><latexit sha1_base64="ze1R0WapkwPH+PwbV4MyGHscf1c="></latexit><latexit sha1_base64="ze1R0WapkwPH+PwbV4MyGHscf1c="></latexit><latexit sha1_base64="ze1R0WapkwPH+PwbV4MyGHscf1c="></latexit>

✏ = �d�

dt
<latexit sha1_base64="JWpM+VSAgxI6/8F1pejKef6WHzk="></latexit><latexit sha1_base64="JWpM+VSAgxI6/8F1pejKef6WHzk="></latexit><latexit sha1_base64="JWpM+VSAgxI6/8F1pejKef6WHzk="></latexit><latexit sha1_base64="JWpM+VSAgxI6/8F1pejKef6WHzk="></latexit>

✏ =

I
~E . d~l

<latexit sha1_base64="W3T1FS1MC0o+6NhJ6211Ye2jnVY="></latexit><latexit sha1_base64="W3T1FS1MC0o+6NhJ6211Ye2jnVY="></latexit><latexit sha1_base64="W3T1FS1MC0o+6NhJ6211Ye2jnVY="></latexit><latexit sha1_base64="W3T1FS1MC0o+6NhJ6211Ye2jnVY="></latexit>

�
<latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit><latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit><latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit><latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit>

~B
<latexit sha1_base64="Ku25kkk+V97hTGXULMOEbAYopPo="></latexit><latexit sha1_base64="Ku25kkk+V97hTGXULMOEbAYopPo="></latexit><latexit sha1_base64="Ku25kkk+V97hTGXULMOEbAYopPo="></latexit><latexit sha1_base64="Ku25kkk+V97hTGXULMOEbAYopPo="></latexit>

I

I = cte
<latexit sha1_base64="eXhjl8a6aiiAhcZ9AB1qH0Msp4c="></latexit><latexit sha1_base64="eXhjl8a6aiiAhcZ9AB1qH0Msp4c="></latexit><latexit sha1_base64="eXhjl8a6aiiAhcZ9AB1qH0Msp4c="></latexit><latexit sha1_base64="eXhjl8a6aiiAhcZ9AB1qH0Msp4c="></latexit>

� = cte
<latexit sha1_base64="uUTiPl2/TTznuQsiOJo9QOXk5eM="></latexit><latexit sha1_base64="uUTiPl2/TTznuQsiOJo9QOXk5eM="></latexit><latexit sha1_base64="uUTiPl2/TTznuQsiOJo9QOXk5eM="></latexit><latexit sha1_base64="uUTiPl2/TTznuQsiOJo9QOXk5eM="></latexit>

✏ = 0
<latexit sha1_base64="00Dqhsr/0ZAXZySKE6JqeAzpt/g="></latexit><latexit sha1_base64="00Dqhsr/0ZAXZySKE6JqeAzpt/g="></latexit><latexit sha1_base64="00Dqhsr/0ZAXZySKE6JqeAzpt/g="></latexit><latexit sha1_base64="00Dqhsr/0ZAXZySKE6JqeAzpt/g="></latexit>

~E = 0
<latexit sha1_base64="RJIlw1nElwAgSOeRqIXG1pdLkK8="></latexit><latexit sha1_base64="RJIlw1nElwAgSOeRqIXG1pdLkK8="></latexit><latexit sha1_base64="RJIlw1nElwAgSOeRqIXG1pdLkK8="></latexit><latexit sha1_base64="RJIlw1nElwAgSOeRqIXG1pdLkK8="></latexit>

~B = cte
<latexit sha1_base64="463Et69GOabZKWzf6bhKUKWGBl0="></latexit><latexit sha1_base64="463Et69GOabZKWzf6bhKUKWGBl0="></latexit><latexit sha1_base64="463Et69GOabZKWzf6bhKUKWGBl0="></latexit><latexit sha1_base64="463Et69GOabZKWzf6bhKUKWGBl0="></latexit>



Energia  Magnética

Trabalho feito pelo campo E induzido para fazer a carga q dar uma volta 
no circuito : 

Trabalho para a carga q dar uma volta no sentido horário:

~F = q ~E
<latexit sha1_base64="breIkiOeJ+irg7iHUZNFS8PhR6k="></latexit><latexit sha1_base64="breIkiOeJ+irg7iHUZNFS8PhR6k="></latexit><latexit sha1_base64="breIkiOeJ+irg7iHUZNFS8PhR6k="></latexit><latexit sha1_base64="breIkiOeJ+irg7iHUZNFS8PhR6k="></latexit>

dW = q ~E . d~l
<latexit sha1_base64="Rg8zmfqRW0k2ZPWbZIdxPqEtD68="></latexit><latexit sha1_base64="Rg8zmfqRW0k2ZPWbZIdxPqEtD68="></latexit><latexit sha1_base64="Rg8zmfqRW0k2ZPWbZIdxPqEtD68="></latexit><latexit sha1_base64="Rg8zmfqRW0k2ZPWbZIdxPqEtD68="></latexit>

W = q

I
~E . d~l

<latexit sha1_base64="P9V4ozeUEXOuadXlRDJteL18s0s="></latexit><latexit sha1_base64="P9V4ozeUEXOuadXlRDJteL18s0s="></latexit><latexit sha1_base64="P9V4ozeUEXOuadXlRDJteL18s0s="></latexit><latexit sha1_base64="P9V4ozeUEXOuadXlRDJteL18s0s="></latexit>

= q ✏
<latexit sha1_base64="OTYE5eUSLCxg+d+0rEkWi7XirB0="></latexit><latexit sha1_base64="OTYE5eUSLCxg+d+0rEkWi7XirB0="></latexit><latexit sha1_base64="OTYE5eUSLCxg+d+0rEkWi7XirB0="></latexit><latexit sha1_base64="OTYE5eUSLCxg+d+0rEkWi7XirB0="></latexit>

q

~E
<latexit sha1_base64="ze1R0WapkwPH+PwbV4MyGHscf1c="></latexit><latexit sha1_base64="ze1R0WapkwPH+PwbV4MyGHscf1c="></latexit><latexit sha1_base64="ze1R0WapkwPH+PwbV4MyGHscf1c="></latexit><latexit sha1_base64="ze1R0WapkwPH+PwbV4MyGHscf1c="></latexit>

~F
<latexit sha1_base64="qrXlaIhpAqH/sTJANt74fqkeLek="></latexit><latexit sha1_base64="qrXlaIhpAqH/sTJANt74fqkeLek="></latexit><latexit sha1_base64="qrXlaIhpAqH/sTJANt74fqkeLek="></latexit><latexit sha1_base64="qrXlaIhpAqH/sTJANt74fqkeLek="></latexit>

d~l
<latexit sha1_base64="PcKCFXN0WmPzevS/o0hIf/Oz8kk="></latexit><latexit sha1_base64="PcKCFXN0WmPzevS/o0hIf/Oz8kk="></latexit><latexit sha1_base64="PcKCFXN0WmPzevS/o0hIf/Oz8kk="></latexit><latexit sha1_base64="PcKCFXN0WmPzevS/o0hIf/Oz8kk="></latexit>

Força: 

Trabalho em um pequeno
deslocamento dl :

Trabalho da bateria para a carga q dar uma volta no sentido anti-horário:

W = �q

I
~E . d~l = �q ✏

<latexit sha1_base64="WkMaTNV0vtjg9BuQxHO6IEvr7/s="></latexit><latexit sha1_base64="WkMaTNV0vtjg9BuQxHO6IEvr7/s="></latexit><latexit sha1_base64="WkMaTNV0vtjg9BuQxHO6IEvr7/s="></latexit><latexit sha1_base64="WkMaTNV0vtjg9BuQxHO6IEvr7/s="></latexit>



Energia  Magnética

Trabalho feito pela bateria para fazer a carga dq dar uma volta no circuito

I ~E
<latexit sha1_base64="ze1R0WapkwPH+PwbV4MyGHscf1c="></latexit><latexit sha1_base64="ze1R0WapkwPH+PwbV4MyGHscf1c="></latexit><latexit sha1_base64="ze1R0WapkwPH+PwbV4MyGHscf1c="></latexit><latexit sha1_base64="ze1R0WapkwPH+PwbV4MyGHscf1c="></latexit>

~F
<latexit sha1_base64="qrXlaIhpAqH/sTJANt74fqkeLek="></latexit><latexit sha1_base64="qrXlaIhpAqH/sTJANt74fqkeLek="></latexit><latexit sha1_base64="qrXlaIhpAqH/sTJANt74fqkeLek="></latexit><latexit sha1_base64="qrXlaIhpAqH/sTJANt74fqkeLek="></latexit>

dq
d~l

<latexit sha1_base64="PcKCFXN0WmPzevS/o0hIf/Oz8kk="></latexit><latexit sha1_base64="PcKCFXN0WmPzevS/o0hIf/Oz8kk="></latexit><latexit sha1_base64="PcKCFXN0WmPzevS/o0hIf/Oz8kk="></latexit><latexit sha1_base64="PcKCFXN0WmPzevS/o0hIf/Oz8kk="></latexit>

dW = �dq

I
~E . d~l = �dq ✏

<latexit sha1_base64="YZ+jNB8PmsfuVf1NP1wvutUfJ8c="></latexit><latexit sha1_base64="YZ+jNB8PmsfuVf1NP1wvutUfJ8c="></latexit><latexit sha1_base64="YZ+jNB8PmsfuVf1NP1wvutUfJ8c="></latexit><latexit sha1_base64="YZ+jNB8PmsfuVf1NP1wvutUfJ8c="></latexit>

dW

dt
= �dq

dt
✏

<latexit sha1_base64="cybC1s6PCoCZxXkHCnoN8ylNRdM="></latexit><latexit sha1_base64="cybC1s6PCoCZxXkHCnoN8ylNRdM="></latexit><latexit sha1_base64="cybC1s6PCoCZxXkHCnoN8ylNRdM="></latexit><latexit sha1_base64="cybC1s6PCoCZxXkHCnoN8ylNRdM="></latexit>

dq

dt
= I

<latexit sha1_base64="HJdPpZ2tDHMH/JTpq9emim4tHAY="></latexit><latexit sha1_base64="HJdPpZ2tDHMH/JTpq9emim4tHAY="></latexit><latexit sha1_base64="HJdPpZ2tDHMH/JTpq9emim4tHAY="></latexit><latexit sha1_base64="HJdPpZ2tDHMH/JTpq9emim4tHAY="></latexit>

✏ = �L
dI

dt
<latexit sha1_base64="K1Ut4WLX8PFm44Un1bIMS3CfefU="></latexit><latexit sha1_base64="K1Ut4WLX8PFm44Un1bIMS3CfefU="></latexit><latexit sha1_base64="K1Ut4WLX8PFm44Un1bIMS3CfefU="></latexit><latexit sha1_base64="K1Ut4WLX8PFm44Un1bIMS3CfefU="></latexit>

dW

dt
= I L

dI

dt
<latexit sha1_base64="M+68t7vmHOJZ55sALSChP2J5zMY="></latexit><latexit sha1_base64="M+68t7vmHOJZ55sALSChP2J5zMY="></latexit><latexit sha1_base64="M+68t7vmHOJZ55sALSChP2J5zMY="></latexit><latexit sha1_base64="M+68t7vmHOJZ55sALSChP2J5zMY="></latexit>

Z
dW

dt
dt = L

Z
I
dI

dt
dt

<latexit sha1_base64="j16teIprXgR/f8qqf4nG0NvSwkQ="></latexit><latexit sha1_base64="j16teIprXgR/f8qqf4nG0NvSwkQ="></latexit><latexit sha1_base64="j16teIprXgR/f8qqf4nG0NvSwkQ="></latexit><latexit sha1_base64="j16teIprXgR/f8qqf4nG0NvSwkQ="></latexit>

W =
<latexit sha1_base64="g4DB88gyc6TlLRjnIgsXrKPMvH4="></latexit><latexit sha1_base64="g4DB88gyc6TlLRjnIgsXrKPMvH4="></latexit><latexit sha1_base64="g4DB88gyc6TlLRjnIgsXrKPMvH4="></latexit><latexit sha1_base64="g4DB88gyc6TlLRjnIgsXrKPMvH4="></latexit>

Lembramos que : 

W =
1

2
LI2

<latexit sha1_base64="metwwgxU0pnlGHzpDjw9w/575Ik="></latexit><latexit sha1_base64="metwwgxU0pnlGHzpDjw9w/575Ik="></latexit><latexit sha1_base64="metwwgxU0pnlGHzpDjw9w/575Ik="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="IvqGaLURdcAgGWhf5gL1h3dM1y8="></latexit><latexit sha1_base64="IvqGaLURdcAgGWhf5gL1h3dM1y8="></latexit><latexit sha1_base64="DDsDCZBatxxSKNqeZ++n1pHRvNs="></latexit><latexit sha1_base64="metwwgxU0pnlGHzpDjw9w/575Ik="></latexit><latexit sha1_base64="metwwgxU0pnlGHzpDjw9w/575Ik="></latexit><latexit sha1_base64="metwwgxU0pnlGHzpDjw9w/575Ik="></latexit><latexit sha1_base64="metwwgxU0pnlGHzpDjw9w/575Ik="></latexit><latexit sha1_base64="metwwgxU0pnlGHzpDjw9w/575Ik="></latexit><latexit sha1_base64="metwwgxU0pnlGHzpDjw9w/575Ik="></latexit>

= L

Z I

0
I dI

<latexit sha1_base64="TF/SzwbRItHjj77BLU+LjteYuAE="></latexit><latexit sha1_base64="TF/SzwbRItHjj77BLU+LjteYuAE="></latexit><latexit sha1_base64="TF/SzwbRItHjj77BLU+LjteYuAE="></latexit><latexit sha1_base64="TF/SzwbRItHjj77BLU+LjteYuAE="></latexit>

Energia acumulada no sistema
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Energia  Magnética

� =

I

S

~B . d~a
<latexit sha1_base64="X+9AGEMQ8ri7Ug2gN3l8uJokr7E="></latexit><latexit sha1_base64="X+9AGEMQ8ri7Ug2gN3l8uJokr7E="></latexit><latexit sha1_base64="X+9AGEMQ8ri7Ug2gN3l8uJokr7E="></latexit><latexit sha1_base64="X+9AGEMQ8ri7Ug2gN3l8uJokr7E="></latexit>

=

Z

S
(~r⇥ ~A) . d~a

<latexit sha1_base64="NrDQqwNfOyWmsLaXdjJaIBjcQws="></latexit><latexit sha1_base64="NrDQqwNfOyWmsLaXdjJaIBjcQws="></latexit><latexit sha1_base64="NrDQqwNfOyWmsLaXdjJaIBjcQws="></latexit><latexit sha1_base64="NrDQqwNfOyWmsLaXdjJaIBjcQws="></latexit>

=

I

C

~A . d~l
<latexit sha1_base64="UeI3iEfZwiJuzwNdg/ODkjt6BnU="></latexit><latexit sha1_base64="UeI3iEfZwiJuzwNdg/ODkjt6BnU="></latexit><latexit sha1_base64="UeI3iEfZwiJuzwNdg/ODkjt6BnU="></latexit><latexit sha1_base64="UeI3iEfZwiJuzwNdg/ODkjt6BnU="></latexit>

� = LI
<latexit sha1_base64="Ak/Ay90cPx78Q9aKmDa8zrJNiUo=">AAAC1nicjVHLSsNAFD2N73fVpZvBIriQkoigG6HoRsGFgn2ALSWZTtuheZFMlCK6E7f+gFv9JPEP9C+8M0bwgeiEJGfOvefM3Hu92Jepsu3ngjUyOjY+MTk1PTM7N79QXFyqpVGWcFHlkR8lDc9NhS9DUVVS+aIRJ8INPF/UvcG+jtfPRZLKKDxVw1i0ArcXyq7kriKqXVxsxn3J2C47Ys0Nxg4ZaxdLdtk2i/0ETg5KyNdxVHxCEx1E4MgQQCCEIuzDRUrPGRzYiIlr4ZK4hJA0cYErTJM2oyxBGS6xA/r2aHeWsyHttWdq1JxO8elNSMmwRpqI8hLC+jRm4plx1uxv3pfGU99tSH8v9wqIVegT+5fuI/O/Ol2LQhc7pgZJNcWG0dXx3CUzXdE3Z5+qUuQQE6dxh+IJYW 6UH31mRpOa2nVvXRN/MZma1Xue52Z41bekATvfx/kT1DbLjl12TrZKlb181JNYwSrWaZ7bqOAAx6iS9wXu8YBHq2FdWzfW7XuqVcg1y/iyrLs3znWTzQ==</latexit><latexit sha1_base64="Ak/Ay90cPx78Q9aKmDa8zrJNiUo=">AAAC1nicjVHLSsNAFD2N73fVpZvBIriQkoigG6HoRsGFgn2ALSWZTtuheZFMlCK6E7f+gFv9JPEP9C+8M0bwgeiEJGfOvefM3Hu92Jepsu3ngjUyOjY+MTk1PTM7N79QXFyqpVGWcFHlkR8lDc9NhS9DUVVS+aIRJ8INPF/UvcG+jtfPRZLKKDxVw1i0ArcXyq7kriKqXVxsxn3J2C47Ys0Nxg4ZaxdLdtk2i/0ETg5KyNdxVHxCEx1E4MgQQCCEIuzDRUrPGRzYiIlr4ZK4hJA0cYErTJM2oyxBGS6xA/r2aHeWsyHttWdq1JxO8elNSMmwRpqI8hLC+jRm4plx1uxv3pfGU99tSH8v9wqIVegT+5fuI/O/Ol2LQhc7pgZJNcWG0dXx3CUzXdE3Z5+qUuQQE6dxh+IJYW 6UH31mRpOa2nVvXRN/MZma1Xue52Z41bekATvfx/kT1DbLjl12TrZKlb181JNYwSrWaZ7bqOAAx6iS9wXu8YBHq2FdWzfW7XuqVcg1y/iyrLs3znWTzQ==</latexit><latexit sha1_base64="Ak/Ay90cPx78Q9aKmDa8zrJNiUo=">AAAC1nicjVHLSsNAFD2N73fVpZvBIriQkoigG6HoRsGFgn2ALSWZTtuheZFMlCK6E7f+gFv9JPEP9C+8M0bwgeiEJGfOvefM3Hu92Jepsu3ngjUyOjY+MTk1PTM7N79QXFyqpVGWcFHlkR8lDc9NhS9DUVVS+aIRJ8INPF/UvcG+jtfPRZLKKDxVw1i0ArcXyq7kriKqXVxsxn3J2C47Ys0Nxg4ZaxdLdtk2i/0ETg5KyNdxVHxCEx1E4MgQQCCEIuzDRUrPGRzYiIlr4ZK4hJA0cYErTJM2oyxBGS6xA/r2aHeWsyHttWdq1JxO8elNSMmwRpqI8hLC+jRm4plx1uxv3pfGU99tSH8v9wqIVegT+5fuI/O/Ol2LQhc7pgZJNcWG0dXx3CUzXdE3Z5+qUuQQE6dxh+IJYW 6UH31mRpOa2nVvXRN/MZma1Xue52Z41bekATvfx/kT1DbLjl12TrZKlb181JNYwSrWaZ7bqOAAx6iS9wXu8YBHq2FdWzfW7XuqVcg1y/iyrLs3znWTzQ==</latexit><latexit sha1_base64="Ak/Ay90cPx78Q9aKmDa8zrJNiUo=">AAAC1nicjVHLSsNAFD2N73fVpZvBIriQkoigG6HoRsGFgn2ALSWZTtuheZFMlCK6E7f+gFv9JPEP9C+8M0bwgeiEJGfOvefM3Hu92Jepsu3ngjUyOjY+MTk1PTM7N79QXFyqpVGWcFHlkR8lDc9NhS9DUVVS+aIRJ8INPF/UvcG+jtfPRZLKKDxVw1i0ArcXyq7kriKqXVxsxn3J2C47Ys0Nxg4ZaxdLdtk2i/0ETg5KyNdxVHxCEx1E4MgQQCCEIuzDRUrPGRzYiIlr4ZK4hJA0cYErTJM2oyxBGS6xA/r2aHeWsyHttWdq1JxO8elNSMmwRpqI8hLC+jRm4plx1uxv3pfGU99tSH8v9wqIVegT+5fuI/O/Ol2LQhc7pgZJNcWG0dXx3CUzXdE3Z5+qUuQQE6dxh+IJYW 6UH31mRpOa2nVvXRN/MZma1Xue52Z41bekATvfx/kT1DbLjl12TrZKlb181JNYwSrWaZ7bqOAAx6iS9wXu8YBHq2FdWzfW7XuqVcg1y/iyrLs3znWTzQ==</latexit>

LI =

I

C

~A . d~l
<latexit sha1_base64="6cIRbXxEiSrtG5sTgXfYH0dMCaY="></latexit><latexit sha1_base64="6cIRbXxEiSrtG5sTgXfYH0dMCaY="></latexit><latexit sha1_base64="6cIRbXxEiSrtG5sTgXfYH0dMCaY="></latexit><latexit sha1_base64="6cIRbXxEiSrtG5sTgXfYH0dMCaY="></latexit>

W =
1

2
I L I

<latexit sha1_base64="0jaUL7m4jlAcf+u7vuGdGxzTOuU="></latexit><latexit sha1_base64="0jaUL7m4jlAcf+u7vuGdGxzTOuU="></latexit><latexit sha1_base64="0jaUL7m4jlAcf+u7vuGdGxzTOuU="></latexit><latexit sha1_base64="0jaUL7m4jlAcf+u7vuGdGxzTOuU="></latexit>

=
1

2
I

I

C

~A . d~l
<latexit sha1_base64="zIDXfE2N7uYuUFEBin798PCSG2o="></latexit><latexit sha1_base64="zIDXfE2N7uYuUFEBin798PCSG2o="></latexit><latexit sha1_base64="zIDXfE2N7uYuUFEBin798PCSG2o="></latexit><latexit sha1_base64="zIDXfE2N7uYuUFEBin798PCSG2o="></latexit>

=
1

2

I

C

~A . (I d~l)
<latexit sha1_base64="JeyFFFzSboQqqxqNlP58BRrmLik="></latexit><latexit sha1_base64="JeyFFFzSboQqqxqNlP58BRrmLik="></latexit><latexit sha1_base64="JeyFFFzSboQqqxqNlP58BRrmLik="></latexit><latexit sha1_base64="JeyFFFzSboQqqxqNlP58BRrmLik="></latexit>

=
1

2

I

C
( ~A . ~I) dl

<latexit sha1_base64="T4CLJLt50mMRMWSphYJ6wetnGsE="></latexit><latexit sha1_base64="T4CLJLt50mMRMWSphYJ6wetnGsE="></latexit><latexit sha1_base64="T4CLJLt50mMRMWSphYJ6wetnGsE="></latexit><latexit sha1_base64="T4CLJLt50mMRMWSphYJ6wetnGsE="></latexit>

W =
1

2

I

C

~A . (

Z

A

~J da) dl
<latexit sha1_base64="81uLMhI7hmbSVWnoZmooSayBqRc="></latexit><latexit sha1_base64="81uLMhI7hmbSVWnoZmooSayBqRc="></latexit><latexit sha1_base64="81uLMhI7hmbSVWnoZmooSayBqRc="></latexit><latexit sha1_base64="81uLMhI7hmbSVWnoZmooSayBqRc="></latexit>

=
1

2

I

C

Z

A

~A . ~J da dl
<latexit sha1_base64="vvan2hNNM+rZmhMb34qNUAp8n1U="></latexit><latexit sha1_base64="vvan2hNNM+rZmhMb34qNUAp8n1U="></latexit><latexit sha1_base64="vvan2hNNM+rZmhMb34qNUAp8n1U="></latexit><latexit sha1_base64="vvan2hNNM+rZmhMb34qNUAp8n1U="></latexit>

=
1

2

Z
~A . ~J dr3

<latexit sha1_base64="3sFdW3vidcsrvMsU6qU/Xaxfrj0="></latexit><latexit sha1_base64="3sFdW3vidcsrvMsU6qU/Xaxfrj0="></latexit><latexit sha1_base64="3sFdW3vidcsrvMsU6qU/Xaxfrj0="></latexit><latexit sha1_base64="3sFdW3vidcsrvMsU6qU/Xaxfrj0="></latexit>

Integral em
todo o espaço !~J =

d~I

da
<latexit sha1_base64="qA2LQ4t5RvV8qUW6syOqiBV5Xv8="></latexit><latexit sha1_base64="qA2LQ4t5RvV8qUW6syOqiBV5Xv8="></latexit><latexit sha1_base64="qA2LQ4t5RvV8qUW6syOqiBV5Xv8="></latexit><latexit sha1_base64="qA2LQ4t5RvV8qUW6syOqiBV5Xv8="></latexit>

~I =

Z

A

~J da
<latexit sha1_base64="Ab/x0WuJzWmu2bDyYHhIczJOxXE="></latexit><latexit sha1_base64="Ab/x0WuJzWmu2bDyYHhIczJOxXE="></latexit><latexit sha1_base64="Ab/x0WuJzWmu2bDyYHhIczJOxXE="></latexit><latexit sha1_base64="Ab/x0WuJzWmu2bDyYHhIczJOxXE="></latexit>

Lembramos que : 



I ~E
<latexit sha1_base64="ze1R0WapkwPH+PwbV4MyGHscf1c="></latexit><latexit sha1_base64="ze1R0WapkwPH+PwbV4MyGHscf1c="></latexit><latexit sha1_base64="ze1R0WapkwPH+PwbV4MyGHscf1c="></latexit><latexit sha1_base64="ze1R0WapkwPH+PwbV4MyGHscf1c="></latexit>

~F
<latexit sha1_base64="qrXlaIhpAqH/sTJANt74fqkeLek="></latexit><latexit sha1_base64="qrXlaIhpAqH/sTJANt74fqkeLek="></latexit><latexit sha1_base64="qrXlaIhpAqH/sTJANt74fqkeLek="></latexit><latexit sha1_base64="qrXlaIhpAqH/sTJANt74fqkeLek="></latexit>

dq
d~l

<latexit sha1_base64="PcKCFXN0WmPzevS/o0hIf/Oz8kk="></latexit><latexit sha1_base64="PcKCFXN0WmPzevS/o0hIf/Oz8kk="></latexit><latexit sha1_base64="PcKCFXN0WmPzevS/o0hIf/Oz8kk="></latexit><latexit sha1_base64="PcKCFXN0WmPzevS/o0hIf/Oz8kk="></latexit>

da
dl

~J
<latexit sha1_base64="FD/Wnl8/6+/ySBrydh+iBr8+g1U="></latexit><latexit sha1_base64="FD/Wnl8/6+/ySBrydh+iBr8+g1U="></latexit><latexit sha1_base64="FD/Wnl8/6+/ySBrydh+iBr8+g1U="></latexit><latexit sha1_base64="FD/Wnl8/6+/ySBrydh+iBr8+g1U="></latexit>

~J
<latexit sha1_base64="FD/Wnl8/6+/ySBrydh+iBr8+g1U="></latexit><latexit sha1_base64="FD/Wnl8/6+/ySBrydh+iBr8+g1U="></latexit><latexit sha1_base64="FD/Wnl8/6+/ySBrydh+iBr8+g1U="></latexit><latexit sha1_base64="FD/Wnl8/6+/ySBrydh+iBr8+g1U="></latexit>

~J
<latexit sha1_base64="FD/Wnl8/6+/ySBrydh+iBr8+g1U="></latexit><latexit sha1_base64="FD/Wnl8/6+/ySBrydh+iBr8+g1U="></latexit><latexit sha1_base64="FD/Wnl8/6+/ySBrydh+iBr8+g1U="></latexit><latexit sha1_base64="FD/Wnl8/6+/ySBrydh+iBr8+g1U="></latexit>

S
área ~J

<latexit sha1_base64="FD/Wnl8/6+/ySBrydh+iBr8+g1U="></latexit><latexit sha1_base64="FD/Wnl8/6+/ySBrydh+iBr8+g1U="></latexit><latexit sha1_base64="FD/Wnl8/6+/ySBrydh+iBr8+g1U="></latexit><latexit sha1_base64="FD/Wnl8/6+/ySBrydh+iBr8+g1U="></latexit>

A
área

~A
<latexit sha1_base64="chP6+jx7ijhwU7rgf6sgaQ21Ba4="></latexit><latexit sha1_base64="chP6+jx7ijhwU7rgf6sgaQ21Ba4="></latexit><latexit sha1_base64="chP6+jx7ijhwU7rgf6sgaQ21Ba4="></latexit><latexit sha1_base64="chP6+jx7ijhwU7rgf6sgaQ21Ba4="></latexit>

~A
<latexit sha1_base64="chP6+jx7ijhwU7rgf6sgaQ21Ba4="></latexit><latexit sha1_base64="chP6+jx7ijhwU7rgf6sgaQ21Ba4="></latexit><latexit sha1_base64="chP6+jx7ijhwU7rgf6sgaQ21Ba4="></latexit><latexit sha1_base64="chP6+jx7ijhwU7rgf6sgaQ21Ba4="></latexit>

~A
<latexit sha1_base64="chP6+jx7ijhwU7rgf6sgaQ21Ba4="></latexit><latexit sha1_base64="chP6+jx7ijhwU7rgf6sgaQ21Ba4="></latexit><latexit sha1_base64="chP6+jx7ijhwU7rgf6sgaQ21Ba4="></latexit><latexit sha1_base64="chP6+jx7ijhwU7rgf6sgaQ21Ba4="></latexit>

~A
<latexit sha1_base64="chP6+jx7ijhwU7rgf6sgaQ21Ba4="></latexit><latexit sha1_base64="chP6+jx7ijhwU7rgf6sgaQ21Ba4="></latexit><latexit sha1_base64="chP6+jx7ijhwU7rgf6sgaQ21Ba4="></latexit><latexit sha1_base64="chP6+jx7ijhwU7rgf6sgaQ21Ba4="></latexit>

W =
1

2

I

C

~A . (

Z

A

~J da) dl
<latexit sha1_base64="81uLMhI7hmbSVWnoZmooSayBqRc="></latexit><latexit sha1_base64="81uLMhI7hmbSVWnoZmooSayBqRc="></latexit><latexit sha1_base64="81uLMhI7hmbSVWnoZmooSayBqRc="></latexit><latexit sha1_base64="81uLMhI7hmbSVWnoZmooSayBqRc="></latexit>

=
1

2

I

C

Z

A

~A . ~J da dl
<latexit sha1_base64="vvan2hNNM+rZmhMb34qNUAp8n1U="></latexit><latexit sha1_base64="vvan2hNNM+rZmhMb34qNUAp8n1U="></latexit><latexit sha1_base64="vvan2hNNM+rZmhMb34qNUAp8n1U="></latexit><latexit sha1_base64="vvan2hNNM+rZmhMb34qNUAp8n1U="></latexit>

=
1

2

Z
~A . ~J dr3

<latexit sha1_base64="3sFdW3vidcsrvMsU6qU/Xaxfrj0="></latexit><latexit sha1_base64="3sFdW3vidcsrvMsU6qU/Xaxfrj0="></latexit><latexit sha1_base64="3sFdW3vidcsrvMsU6qU/Xaxfrj0="></latexit><latexit sha1_base64="3sFdW3vidcsrvMsU6qU/Xaxfrj0="></latexit>



Energia  Magnética

~r⇥ ~B = µ0
~J

<latexit sha1_base64="YajJ+XIQqZovVmr3V0/8xqtYHMo="></latexit>

W =
1

2

Z
~A . ~J d3r

<latexit sha1_base64="bwZJWjkXgE0jM1Q2D+T/EaKX8CM="></latexit><latexit sha1_base64="bwZJWjkXgE0jM1Q2D+T/EaKX8CM="></latexit><latexit sha1_base64="bwZJWjkXgE0jM1Q2D+T/EaKX8CM="></latexit><latexit sha1_base64="bwZJWjkXgE0jM1Q2D+T/EaKX8CM="></latexit>

W =
1

2µ0

Z
~A . (~r⇥ ~B) d3r

<latexit sha1_base64="PsBeIvMNnHw9SCBP16U/jQtaHKA="></latexit><latexit sha1_base64="PsBeIvMNnHw9SCBP16U/jQtaHKA="></latexit><latexit sha1_base64="PsBeIvMNnHw9SCBP16U/jQtaHKA="></latexit><latexit sha1_base64="PsBeIvMNnHw9SCBP16U/jQtaHKA="></latexit>

O show da matemática:
~r . ( ~A⇥ ~B) = ~B . (~r⇥ ~A)� ~A . (~r⇥ ~B)

<latexit sha1_base64="lojD+w/4Spy5/Yg8VXa+ZjRSr6c="></latexit><latexit sha1_base64="lojD+w/4Spy5/Yg8VXa+ZjRSr6c="></latexit><latexit sha1_base64="lojD+w/4Spy5/Yg8VXa+ZjRSr6c="></latexit><latexit sha1_base64="lojD+w/4Spy5/Yg8VXa+ZjRSr6c="></latexit>

~A . (~r⇥ ~B) = ~B . ~B � ~r . ( ~A⇥ ~B)
<latexit sha1_base64="nJBJQRNVE2kqMgL9xRJ+syfk2SM="></latexit><latexit sha1_base64="nJBJQRNVE2kqMgL9xRJ+syfk2SM="></latexit><latexit sha1_base64="nJBJQRNVE2kqMgL9xRJ+syfk2SM="></latexit><latexit sha1_base64="nJBJQRNVE2kqMgL9xRJ+syfk2SM="></latexit>

W =
1

2µ0

Z
B2 d3r � 1

2µ0

Z
~r . ( ~A⇥ ~B) d3r

<latexit sha1_base64="b3x08SPl2pSU9hgLHE1aL+rTi4M="></latexit><latexit sha1_base64="b3x08SPl2pSU9hgLHE1aL+rTi4M="></latexit><latexit sha1_base64="b3x08SPl2pSU9hgLHE1aL+rTi4M="></latexit><latexit sha1_base64="b3x08SPl2pSU9hgLHE1aL+rTi4M="></latexit>

Z
~r . ( ~A⇥ ~B) d3r =

I

S
( ~A⇥ ~B) . d~a

<latexit sha1_base64="Soc6Hp4mFP5ldYKt08N7iYcitX4="></latexit><latexit sha1_base64="Soc6Hp4mFP5ldYKt08N7iYcitX4="></latexit><latexit sha1_base64="Soc6Hp4mFP5ldYKt08N7iYcitX4="></latexit><latexit sha1_base64="Soc6Hp4mFP5ldYKt08N7iYcitX4="></latexit>

= 0
<latexit sha1_base64="PT1ZY0PCL3mnE7BmzMLHDmpEGKw="></latexit><latexit sha1_base64="PT1ZY0PCL3mnE7BmzMLHDmpEGKw="></latexit><latexit sha1_base64="PT1ZY0PCL3mnE7BmzMLHDmpEGKw="></latexit><latexit sha1_base64="PT1ZY0PCL3mnE7BmzMLHDmpEGKw="></latexit>

Teorema da divergência :

W =
1

2µ0

Z
B2 d3r

<latexit sha1_base64="IVoAcRCMjNLBrXuCnzZmZI2eUYQ="></latexit><latexit sha1_base64="IVoAcRCMjNLBrXuCnzZmZI2eUYQ="></latexit><latexit sha1_base64="IVoAcRCMjNLBrXuCnzZmZI2eUYQ="></latexit><latexit sha1_base64="IVoAcRCMjNLBrXuCnzZmZI2eUYQ="></latexit>

S está  no infinito :

~A = 0
<latexit sha1_base64="xsykNYdoSu13eFCuzX244doJnEs="></latexit><latexit sha1_base64="xsykNYdoSu13eFCuzX244doJnEs="></latexit><latexit sha1_base64="xsykNYdoSu13eFCuzX244doJnEs="></latexit><latexit sha1_base64="xsykNYdoSu13eFCuzX244doJnEs="></latexit>

~B = 0
<latexit sha1_base64="yZGoVtNlTolBOosp5vTnxrIR3Dc="></latexit><latexit sha1_base64="yZGoVtNlTolBOosp5vTnxrIR3Dc="></latexit><latexit sha1_base64="yZGoVtNlTolBOosp5vTnxrIR3Dc="></latexit><latexit sha1_base64="yZGoVtNlTolBOosp5vTnxrIR3Dc="></latexit>



Vamos comparar:

W =
1

2µ0

Z
B2 d3r

<latexit sha1_base64="IVoAcRCMjNLBrXuCnzZmZI2eUYQ="></latexit><latexit sha1_base64="IVoAcRCMjNLBrXuCnzZmZI2eUYQ="></latexit><latexit sha1_base64="IVoAcRCMjNLBrXuCnzZmZI2eUYQ="></latexit><latexit sha1_base64="IVoAcRCMjNLBrXuCnzZmZI2eUYQ="></latexit>

W =
✏0
2

Z
E2 d3r

<latexit sha1_base64="cXccjEGKN3zfLTUBMI6JhvBuds8="></latexit><latexit sha1_base64="cXccjEGKN3zfLTUBMI6JhvBuds8="></latexit><latexit sha1_base64="cXccjEGKN3zfLTUBMI6JhvBuds8="></latexit><latexit sha1_base64="cXccjEGKN3zfLTUBMI6JhvBuds8="></latexit>

Energia
Magnética

Energia
Elétrica





�
<latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit><latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit><latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit><latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit>

�
<latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit><latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit><latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit><latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit>

�
<latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit><latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit><latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit><latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit>

�
<latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit><latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit><latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit><latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit>

�
<latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit><latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit><latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit><latexit sha1_base64="l4jvTbFuJl992u5l7kINDHM0Qq4="></latexit>

�
<latexit sha1_base64="6tyAB5YCWnD/qTNJZSP1ab1F8Ts="></latexit><latexit sha1_base64="6tyAB5YCWnD/qTNJZSP1ab1F8Ts="></latexit><latexit sha1_base64="6tyAB5YCWnD/qTNJZSP1ab1F8Ts="></latexit><latexit sha1_base64="6tyAB5YCWnD/qTNJZSP1ab1F8Ts="></latexit>

�
<latexit sha1_base64="6tyAB5YCWnD/qTNJZSP1ab1F8Ts="></latexit><latexit sha1_base64="6tyAB5YCWnD/qTNJZSP1ab1F8Ts="></latexit><latexit sha1_base64="6tyAB5YCWnD/qTNJZSP1ab1F8Ts="></latexit><latexit sha1_base64="6tyAB5YCWnD/qTNJZSP1ab1F8Ts="></latexit>

�
<latexit sha1_base64="6tyAB5YCWnD/qTNJZSP1ab1F8Ts="></latexit><latexit sha1_base64="6tyAB5YCWnD/qTNJZSP1ab1F8Ts="></latexit><latexit sha1_base64="6tyAB5YCWnD/qTNJZSP1ab1F8Ts="></latexit><latexit sha1_base64="6tyAB5YCWnD/qTNJZSP1ab1F8Ts="></latexit>

�
<latexit sha1_base64="6tyAB5YCWnD/qTNJZSP1ab1F8Ts="></latexit><latexit sha1_base64="6tyAB5YCWnD/qTNJZSP1ab1F8Ts="></latexit><latexit sha1_base64="6tyAB5YCWnD/qTNJZSP1ab1F8Ts="></latexit><latexit sha1_base64="6tyAB5YCWnD/qTNJZSP1ab1F8Ts="></latexit>

�
<latexit sha1_base64="6tyAB5YCWnD/qTNJZSP1ab1F8Ts="></latexit><latexit sha1_base64="6tyAB5YCWnD/qTNJZSP1ab1F8Ts="></latexit><latexit sha1_base64="6tyAB5YCWnD/qTNJZSP1ab1F8Ts="></latexit><latexit sha1_base64="6tyAB5YCWnD/qTNJZSP1ab1F8Ts="></latexit>

�E =

Z
~BE . n̂ da

<latexit sha1_base64="SlWZ8iAEWmxvLOvNbKVJtToqqd8="></latexit>

�D =

Z
~BD . n̂ da

<latexit sha1_base64="X9KHS2izHs872VREWON/Snu6pgM="></latexit>

Fluxo gerado pelo campo do fio da esquerda :

�
<latexit sha1_base64="P760Z6845jXCRIK6x8h3g5pupXw="></latexit>

n̂
<latexit sha1_base64="cjTMb1hD/o9nUGELge6rDgucrN8="></latexit>

=

Z
BE da

<latexit sha1_base64="RbxyF/GQjlafdSbIdKeZ4cJUwn8="></latexit>

=

Z
µ0 i

2⇡ r
drdz

<latexit sha1_base64="yY3klXgaCbXrb2BLo6XSMOUal5c="></latexit>

=
µ0 i

2⇡

Z l

0
dz

Z d�a

a

1

r
dr

<latexit sha1_base64="uZgXTR9fMv8rTwXhiUnlvxy48xA="></latexit>

=
µ0 i l

2⇡
ln(

d� a

a
)

<latexit sha1_base64="MiGgnsbWSWpRGjFuWcUQgtZiJsw="></latexit>

r

z

=

Z
µ0 i

2⇡ (d� r)
dr dz

<latexit sha1_base64="f1KupGyEQgX/HSJx8WjgMIxPxzM="></latexit>

=
µ0 i

2⇡

Z l

0
dz

Z d�a

a

1

(d� r)
dr

<latexit sha1_base64="keLAqvgQVK3TfFu598PJesb876o=">AAADFnicjVFNa9VAFD2NH63Pjz516ebiQ6hgH8lTqJtC0Y3LFnxtoWkfk8m8OjRfTCZCDfkf/Sfu3Ilbd+LCbav/wjvTFNQiOiHJmXPvOTP33qTKdG3D8OtCcOX qteuLSzcGN2/dvrM8vHtvuy4bI9VUlllpdhNRq0wXamq1zdRuZZTIk0ztJEcvXXznrTK1LovX9rhS+7k4LPRcS2GZmg231imeGyHbOG9mIcVPSHfthOJKd0SxLuwsPMgofXeOxUGbrgoX8Zqoa1dSWiXzuHPK1BDRYDYchePQL7oMoh6M0K/NcvgFMVKUkGiQQ6GAZZxBoOZnDxFCVMzto2XOMNI+rtBhwNqGsxRnCGaP+HvIu72eLXjvPGuvlnxKxq9hJeERa0rOM4zdaeTjjXd27N+8W+/p7nbM/6T3ypm1eMPsv3QXmf+rc7VYzPHc16C5psozrjrZuzS+K+7m9EtVlh0q5hxOOW4YS6+86DN5Te1rd70VPv7dZzrW7WWf2+CHuyUPOPpznJfB9mQcPR1Ptp6NNl70o17CAzzECs9zDRt4hU1M2fs9vuEUZ8FJ8CH4GHw6Tw0Wes19/LaCzz8BUqGsJg==</latexit>

=
µ0 i l

2⇡
[ (�) ln (d� (d� a))� (�) ln (d� a) ]

<latexit sha1_base64="I/HCkc3i4Aaq135mIo0reqwaBsA="></latexit>

=
µ0 i l

2⇡
ln(

d� a

a
)

<latexit sha1_base64="MiGgnsbWSWpRGjFuWcUQgtZiJsw=">AAAC+XicjVHLattAFD1W0zavtm67zGaICSTQGtk1JJtAaDdZuhA7hiiY0XicDtGL0ahghH6ku+xKt/2BbJMfCPmD5C96Z6xAWlPaERqde+49R3PnhlmkcuP7tw3 vydLTZ8+XV1bX1l+8fNV8/WaYp4UWciDSKNWjkOcyUokcGGUiOcq05HEYyePw/JPNH3+VOldpcmRmmTyN+VmipkpwQ9S42dtnwVRzUQZxMfZZ8I4pu0VV2WVBpioXJNvzmsl7XpW82hk3W37bd4stgk4NWqhXP23eIMAEKQ QKxJBIYAhH4MjpOUEHPjLiTlESpwkpl5eosEragqokVXBiz2k/o+ikZhOKrWfu1IL+EtGrScmwRZqU6jRh+zfm8oVztuzfvEvnac82o29Ye8XEGnwh9l+6h8r/1dleDKbYcz0o6ilzjO1O1C6FuxV7cvaoK0MOGXEWTyivCQunfLhn5jS5693eLXf5O1dpWRuLurbAvT0lDbjz5zgXwbDb7nxodz/3Wgcf61EvYwOb2KZ57uIAh+hjQN7fcIkrXHuld+F9937MS71GrXmL35b38xfpHqJk</latexit>

� = �E + �D =
µ0 i l

⇡
ln(

d� a

a
)

<latexit sha1_base64="/CyC/eVxLroNx+XY+8M/UNlocsQ="></latexit>

L =
�

i
<latexit sha1_base64="jUG6kExufg/TqN9u0QCvVFaf8lA="></latexit>

L =
µ0 l

⇡
ln(

d� a

a
)

<latexit sha1_base64="+/ImprkiVWi5gxhsRJRkVcHRU3w="></latexit>

L

l
=

µ0

⇡
ln (

d� a

a
)

<latexit sha1_base64="Vpxu9Rcqojq4CMYCzG7SU/RSu3Y="></latexit>

Fluxo gerado pelo campo do fio da direita :


