
21 de junho de 2021

Dielétricos

⃗∇ ⋅ ⃗D = ρ

⃗∇ × ⃗E = −
∂ ⃗B
∂t

⃗∇ ⋅ ⃗B = 0

⃗∇ × ⃗H = ⃗j + ϵ0
∂ ⃗D
∂t

Eletromagnetismo



Pratique o que aprendeu      


<latexit sha1_base64="scn0jjPd1H1cZ9fvDOWQr8fD7mg="></latexit>

Vb = Va

z

y

R

E0ẑ

✏

<latexit sha1_base64="hXK54yto4QukquiCp6AM6bngvQ0="></latexit>

✏b
@Vb

@n
= ✏a

@Va

@n



Pratique o que aprendeu      


<latexit sha1_base64="scn0jjPd1H1cZ9fvDOWQr8fD7mg="></latexit>

Vb = Va

z

y

R

E0ẑ

✏

<latexit sha1_base64="hXK54yto4QukquiCp6AM6bngvQ0="></latexit>

✏b
@Vb

@n
= ✏a

@Va

@n

Condições de contorno



Pratique o que aprendeu      


<latexit sha1_base64="scn0jjPd1H1cZ9fvDOWQr8fD7mg="></latexit>

Vb = Va

z

y

R

E0ẑ

✏

<latexit sha1_base64="hXK54yto4QukquiCp6AM6bngvQ0="></latexit>

✏b
@Vb

@n
= ✏a

@Va

@n

Condições de contorno

<latexit sha1_base64="9fiimtSQrvlrKOLm1Hp8Id7d1CM="></latexit>

V (r ! 1) = �E0r cos ✓

<latexit sha1_base64="7s05EcxoRjiX8xdF+Bt9GaNPq9o="></latexit>

Vd (R) = Vf (R)

<latexit sha1_base64="nneN/mUIBdsYbhpP3niXSinODJg="></latexit>

✏
@Vd

@n

���
R
= ✏0

@Vf

@n

���
R



Pratique o que aprendeu      


<latexit sha1_base64="scn0jjPd1H1cZ9fvDOWQr8fD7mg="></latexit>

Vb = Va

z

y

R

E0ẑ

✏

<latexit sha1_base64="hXK54yto4QukquiCp6AM6bngvQ0="></latexit>

✏b
@Vb

@n
= ✏a

@Va

@n

Condições de contorno
<latexit sha1_base64="9fiimtSQrvlrKOLm1Hp8Id7d1CM="></latexit>

V (r ! 1) = �E0r cos ✓
<latexit sha1_base64="7s05EcxoRjiX8xdF+Bt9GaNPq9o="></latexit>

Vd (R) = Vf (R)
<latexit sha1_base64="nneN/mUIBdsYbhpP3niXSinODJg="></latexit>

✏
@Vd

@n

���
R
= ✏0

@Vf

@n

���
R



Pratique o que aprendeu      


<latexit sha1_base64="scn0jjPd1H1cZ9fvDOWQr8fD7mg="></latexit>

Vb = Va

z

y

R

E0ẑ

✏

<latexit sha1_base64="hXK54yto4QukquiCp6AM6bngvQ0="></latexit>

✏b
@Vb

@n
= ✏a

@Va

@n

Condições de contorno
<latexit sha1_base64="9fiimtSQrvlrKOLm1Hp8Id7d1CM="></latexit>

V (r ! 1) = �E0r cos ✓
<latexit sha1_base64="7s05EcxoRjiX8xdF+Bt9GaNPq9o="></latexit>

Vd (R) = Vf (R)
<latexit sha1_base64="nneN/mUIBdsYbhpP3niXSinODJg="></latexit>

✏
@Vd

@n

���
R
= ✏0

@Vf

@n

���
R

<latexit sha1_base64="kIQS1NF3eMnx/s/0KKOy/i7VG6Q="></latexit>

V (r) =
X

`

⇣
A`r

` +
B`

r`+1

⌘
P` (cos ✓)

<latexit sha1_base64="E7/6SrRR26zq2b8b9nUFyfMaaac="></latexit>

r ! 1 ) Vf (r) = �E0r cos ✓ +
X

`

B`

r`+1
P` (cos ✓)



Pratique o que aprendeu      


z

y

R

E0ẑ

✏

<latexit sha1_base64="7s05EcxoRjiX8xdF+Bt9GaNPq9o="></latexit>

Vd (R) = Vf (R)
<latexit sha1_base64="nneN/mUIBdsYbhpP3niXSinODJg="></latexit>

✏
@Vd

@n

���
R
= ✏0

@Vf

@n

���
R

<latexit sha1_base64="YCX6oASgkEsRgPOzE6wg1lwNiao="></latexit>

Vf (r) = �E0r cos ✓ +
X

`

B`

r`+1
P` (cos ✓)



Pratique o que aprendeu      


z

y

R

E0ẑ

✏

<latexit sha1_base64="7s05EcxoRjiX8xdF+Bt9GaNPq9o="></latexit>

Vd (R) = Vf (R)
<latexit sha1_base64="nneN/mUIBdsYbhpP3niXSinODJg="></latexit>

✏
@Vd

@n

���
R
= ✏0

@Vf

@n

���
R

<latexit sha1_base64="YCX6oASgkEsRgPOzE6wg1lwNiao="></latexit>

Vf (r) = �E0r cos ✓ +
X

`

B`

r`+1
P` (cos ✓)

<latexit sha1_base64="nlcpnbHdnlnwDK5SshisjpY6vNk="></latexit>

Vd (r) =
X

`

A`r
`P` (cos ✓)



Pratique o que aprendeu      


z

y

R

E0ẑ

✏

<latexit sha1_base64="7s05EcxoRjiX8xdF+Bt9GaNPq9o="></latexit>

Vd (R) = Vf (R)
<latexit sha1_base64="nneN/mUIBdsYbhpP3niXSinODJg="></latexit>

✏
@Vd

@n

���
R
= ✏0

@Vf

@n

���
R

<latexit sha1_base64="YCX6oASgkEsRgPOzE6wg1lwNiao="></latexit>

Vf (r) = �E0r cos ✓ +
X

`

B`

r`+1
P` (cos ✓)

<latexit sha1_base64="nlcpnbHdnlnwDK5SshisjpY6vNk="></latexit>

Vd (r) =
X

`

A`r
`P` (cos ✓)

<latexit sha1_base64="8oCGpbw0UQMAl7DutRB/WOqWE28="></latexit>

r = R)
X

`

A`R
`P` (cos ✓) = �E0R cos ✓ +

X

`

B`

R`+1
P` (cos ✓)

<latexit sha1_base64="XOqnTTTNY5b0FKQoTxT7VWSvJJk="></latexit>

✏r
X

`

`A`R
`�1P` (cos ✓) = �E0 cos ✓ �

X

`

(`+ 1)
B`

R`+2
P` (cos ✓)



Pratique o que aprendeu      


z

y

R

E0ẑ

✏

<latexit sha1_base64="YCX6oASgkEsRgPOzE6wg1lwNiao="></latexit>

Vf (r) = �E0r cos ✓ +
X

`

B`

r`+1
P` (cos ✓)

<latexit sha1_base64="nlcpnbHdnlnwDK5SshisjpY6vNk="></latexit>

Vd (r) =
X

`

A`r
`P` (cos ✓)

Pratique o que aprendeu       

z

y

R

E0ẑ

✏

<latexit sha1_base64="7s05EcxoRjiX8xdF+Bt9GaNPq9o="></latexit>

Vd (R) = Vf (R)
<latexit sha1_base64="nneN/mUIBdsYbhpP3niXSinODJg="></latexit>

✏
@Vd

@n

���
R
= ✏0

@Vf

@n

���
R

<latexit sha1_base64="YCX6oASgkEsRgPOzE6wg1lwNiao="></latexit>

Vf (r) = �E0r cos ✓ +
X

`

B`

r`+1
P` (cos ✓)

<latexit sha1_base64="nlcpnbHdnlnwDK5SshisjpY6vNk="></latexit>

Vd (r) =
X

`

A`r
`P` (cos ✓)

<latexit sha1_base64="8oCGpbw0UQMAl7DutRB/WOqWE28="></latexit>

r = R)
X

`

A`R
`P` (cos ✓) = �E0R cos ✓ +

X

`

B`

R`+1
P` (cos ✓)

<latexit sha1_base64="XOqnTTTNY5b0FKQoTxT7VWSvJJk=">AAAKcXic5Vbbbts2GJa7U6odmm43G3bDNjCQILZm+ZDDVgfthmG9zIqmLWC5AUXREhFK1EjKhxJ6nt3vbfYce4GRlGPFjrMB2+7GxBH9f//5FIU5JUJ2Or837r33/gcffrRz3/34k08/e7D78PNXghUc4QvEKONvQigwJRm+kERS/CbnGKYhxa/Dqx8M/nqKuSAseykXOR6nMM7IhCAoNely97cA54JQlgUZjhQvA1Gk9hpgSk </latexit>

✏r
X

`

`A`R
`�1P` (cos ✓) = �E0 cos ✓ �

X

`

(`+ 1)
B`

R`+2
P` (cos ✓)

<latexit sha1_base64="WCBbDc2vWOCrJt3TpGrk784DhKQ="></latexit>

` = 1 ) A1R = �E0R+
B1

R2
<latexit sha1_base64="DL0el04QoOwL6HKYAVXX4PFVhyM="></latexit>

✏rA1 = �E0 � 2
B1

R3

<latexit sha1_base64="oktNmhIEJ8j4g0+snBTAIbMETkk="></latexit>

) A1 = � 3

✏r + 2
E0

B1 =
✏r � 1

✏r + 2
R3E0



Pratique o que aprendeu      


z

y

R

E0ẑ

✏

<latexit sha1_base64="YCX6oASgkEsRgPOzE6wg1lwNiao="></latexit>

Vf (r) = �E0r cos ✓ +
X

`

B`

r`+1
P` (cos ✓)

<latexit sha1_base64="nlcpnbHdnlnwDK5SshisjpY6vNk="></latexit>

Vd (r) =
X

`

A`r
`P` (cos ✓)

Pratique o que aprendeu       

z

y

R

E0ẑ

✏

<latexit sha1_base64="7s05EcxoRjiX8xdF+Bt9GaNPq9o="></latexit>

Vd (R) = Vf (R)
<latexit sha1_base64="nneN/mUIBdsYbhpP3niXSinODJg="></latexit>

✏
@Vd

@n

���
R
= ✏0

@Vf

@n

���
R

<latexit sha1_base64="YCX6oASgkEsRgPOzE6wg1lwNiao="></latexit>

Vf (r) = �E0r cos ✓ +
X

`

B`

r`+1
P` (cos ✓)

<latexit sha1_base64="nlcpnbHdnlnwDK5SshisjpY6vNk="></latexit>

Vd (r) =
X

`

A`r
`P` (cos ✓)

<latexit sha1_base64="8oCGpbw0UQMAl7DutRB/WOqWE28="></latexit>

r = R)
X

`

A`R
`P` (cos ✓) = �E0R cos ✓ +

X

`

B`

R`+1
P` (cos ✓)

<latexit sha1_base64="XOqnTTTNY5b0FKQoTxT7VWSvJJk=">AAAKcXic5Vbbbts2GJa7U6odmm43G3bDNjCQILZm+ZDDVgfthmG9zIqmLWC5AUXREhFK1EjKhxJ6nt3vbfYce4GRlGPFjrMB2+7GxBH9f//5FIU5JUJ2Or837r33/gcffrRz3/34k08/e7D78PNXghUc4QvEKONvQigwJRm+kERS/CbnGKYhxa/Dqx8M/nqKuSAseykXOR6nMM7IhCAoNely97cA54JQlgUZjhQvA1Gk9hpgSk </latexit>

✏r
X

`

`A`R
`�1P` (cos ✓) = �E0 cos ✓ �

X

`

(`+ 1)
B`

R`+2
P` (cos ✓)

<latexit sha1_base64="WtSCWd39he4zV6v74xYi4OF1jhQ="></latexit>

` 6= 1 ) A`R
` =

B`

R`+2
<latexit sha1_base64="5JP6wrkHyCIOWpLMxqr0qn0e5RM="></latexit>

✏r`A`R
`�1 = �(`+ 1)

B`

R`+2



Pratique o que aprendeu      


z

y

R

E0ẑ

✏

<latexit sha1_base64="YCX6oASgkEsRgPOzE6wg1lwNiao="></latexit>

Vf (r) = �E0r cos ✓ +
X

`

B`

r`+1
P` (cos ✓)

<latexit sha1_base64="nlcpnbHdnlnwDK5SshisjpY6vNk="></latexit>

Vd (r) =
X

`

A`r
`P` (cos ✓)

Pratique o que aprendeu       

z

y

R

E0ẑ

✏

<latexit sha1_base64="7s05EcxoRjiX8xdF+Bt9GaNPq9o="></latexit>

Vd (R) = Vf (R)
<latexit sha1_base64="nneN/mUIBdsYbhpP3niXSinODJg="></latexit>

✏
@Vd

@n

���
R
= ✏0

@Vf

@n

���
R

<latexit sha1_base64="YCX6oASgkEsRgPOzE6wg1lwNiao="></latexit>

Vf (r) = �E0r cos ✓ +
X

`

B`

r`+1
P` (cos ✓)

<latexit sha1_base64="nlcpnbHdnlnwDK5SshisjpY6vNk="></latexit>

Vd (r) =
X

`

A`r
`P` (cos ✓)

<latexit sha1_base64="8oCGpbw0UQMAl7DutRB/WOqWE28="></latexit>

r = R)
X

`

A`R
`P` (cos ✓) = �E0R cos ✓ +

X

`

B`

R`+1
P` (cos ✓)

<latexit sha1_base64="XOqnTTTNY5b0FKQoTxT7VWSvJJk=">AAAKcXic5Vbbbts2GJa7U6odmm43G3bDNjCQILZm+ZDDVgfthmG9zIqmLWC5AUXREhFK1EjKhxJ6nt3vbfYce4GRlGPFjrMB2+7GxBH9f//5FIU5JUJ2Or837r33/gcffrRz3/34k08/e7D78PNXghUc4QvEKONvQigwJRm+kERS/CbnGKYhxa/Dqx8M/nqKuSAseykXOR6nMM7IhCAoNely97cA54JQlgUZjhQvA1Gk9hpgSk </latexit>

✏r
X

`

`A`R
`�1P` (cos ✓) = �E0 cos ✓ �

X

`

(`+ 1)
B`

R`+2
P` (cos ✓)

<latexit sha1_base64="5JP6wrkHyCIOWpLMxqr0qn0e5RM="></latexit>

✏r`A`R
`�1 = �(`+ 1)

B`

R`+2

<latexit sha1_base64="WtSCWd39he4zV6v74xYi4OF1jhQ="></latexit>

` 6= 1 ) A`R
` =

B`

R`+2 <latexit sha1_base64="0qsrs7LzQ3kBXL4H6Um6ONvodHk="></latexit>

) A` = B` = 0



Pratique o que aprendeu      


z

y

R

E0ẑ

✏

<latexit sha1_base64="YCX6oASgkEsRgPOzE6wg1lwNiao="></latexit>

Vf (r) = �E0r cos ✓ +
X

`

B`

r`+1
P` (cos ✓)

<latexit sha1_base64="nlcpnbHdnlnwDK5SshisjpY6vNk="></latexit>

Vd (r) =
X

`

A`r
`P` (cos ✓)

<latexit sha1_base64="0qsrs7LzQ3kBXL4H6Um6ONvodHk="></latexit>

) A` = B` = 0

<latexit sha1_base64="oktNmhIEJ8j4g0+snBTAIbMETkk="></latexit>

) A1 = � 3

✏r + 2
E0

B1 =
✏r � 1

✏r + 2
R3E0

<latexit sha1_base64="MoEno+06ORLjQGRwAbfEYoUBfTY="></latexit>

Vd (r) = � 3

✏r + 2
E0r cos ✓ = � 3

✏r + 2
E0z



Pratique o que aprendeu      


z

y

R

E0ẑ

✏

<latexit sha1_base64="YCX6oASgkEsRgPOzE6wg1lwNiao="></latexit>

Vf (r) = �E0r cos ✓ +
X

`

B`

r`+1
P` (cos ✓)

<latexit sha1_base64="nlcpnbHdnlnwDK5SshisjpY6vNk="></latexit>

Vd (r) =
X

`

A`r
`P` (cos ✓)

<latexit sha1_base64="0qsrs7LzQ3kBXL4H6Um6ONvodHk="></latexit>

) A` = B` = 0

<latexit sha1_base64="oktNmhIEJ8j4g0+snBTAIbMETkk="></latexit>

) A1 = � 3

✏r + 2
E0

B1 =
✏r � 1

✏r + 2
R3E0

<latexit sha1_base64="DnySCI8wRoH1yCpHkLcMNWUkoJ0="></latexit>

Vf (r) = �E0r cos ✓ +
✏r � 1

✏r + 2

E0R
3 cos ✓

r2



21 de junho de 2021

Magnetismo

⃗∇ ⋅ ⃗D = ρ

⃗∇ × ⃗E = −
∂ ⃗B
∂t

⃗∇ ⋅ ⃗B = 0

⃗∇ × ⃗H = ⃗j + ϵ0
∂ ⃗D
∂t

Eletromagnetismo



Força de Lorentz

~B

~v
~F

Q

<latexit sha1_base64="hSlYxoP6OqvYQwAMSqa3Pa7uvrU="></latexit>

~F = Q( ~E + ~v ⇥ ~B)



Força de Lorentz

<latexit sha1_base64="hSlYxoP6OqvYQwAMSqa3Pa7uvrU="></latexit>

~F = Q( ~E + ~v ⇥ ~B)

Força magnética não realiza trabalho ~B

~v
~F

Q



Força de Lorentz

<latexit sha1_base64="hSlYxoP6OqvYQwAMSqa3Pa7uvrU="></latexit>

~F = Q( ~E + ~v ⇥ ~B)

Força normal não realiza trabalho
~P

~F
~N



Corrente elétrica


I

~v⃗I = λ ⃗v



Corrente elétrica


I

~v⃗I = λ ⃗v

<latexit sha1_base64="x0MsSJFky6lbduUv5BhW8wyhCyk="></latexit>

~F =

Z
~v ⇥ ~B dq



Corrente elétrica


I

~v⃗I = λ ⃗v

<latexit sha1_base64="KX+hkLxv3nsNu4yik4VywyS1Hnw="></latexit>

~F =

Z
~v ⇥ ~B � d`

<latexit sha1_base64="x0MsSJFky6lbduUv5BhW8wyhCyk="></latexit>

~F =

Z
~v ⇥ ~B dq



Corrente elétrica


I

~v⃗I = λ ⃗v

<latexit sha1_base64="KX+hkLxv3nsNu4yik4VywyS1Hnw="></latexit>

~F =

Z
~v ⇥ ~B � d`

<latexit sha1_base64="x0MsSJFky6lbduUv5BhW8wyhCyk="></latexit>

~F =

Z
~v ⇥ ~B dq

<latexit sha1_base64="mwAevGylA38KmRSSFhv+gTX3EyE="></latexit>

~F =

Z
~I ⇥ ~B d`



Corrente elétrica


I

~v⃗I = λ ⃗v

<latexit sha1_base64="KX+hkLxv3nsNu4yik4VywyS1Hnw="></latexit>

~F =

Z
~v ⇥ ~B � d`

<latexit sha1_base64="x0MsSJFky6lbduUv5BhW8wyhCyk="></latexit>

~F =

Z
~v ⇥ ~B dq

<latexit sha1_base64="mwAevGylA38KmRSSFhv+gTX3EyE="></latexit>

~F =

Z
~I ⇥ ~B d`

<latexit sha1_base64="8c/44Yj/LS/XkbdnjC1tX/SFW7I="></latexit>

~F = I

Z
d~̀⇥ ~B



Pratique o que aprendeu      


Qual a corrente I que equilibra o peso?

<latexit sha1_base64="YH1alb+d5MlR8rhBEc/Xnt4Ltlw="></latexit>

~F = I

Z
d~̀⇥ ~B

⃗B ⊗



Pratique o que aprendeu      


Qual a corrente I que equilibra o peso?

<latexit sha1_base64="YH1alb+d5MlR8rhBEc/Xnt4Ltlw="></latexit>

~F = I

Z
d~̀⇥ ~B

⃗B ⊗
F = IaB



Pratique o que aprendeu      


Qual a corrente I que equilibra o peso?

<latexit sha1_base64="YH1alb+d5MlR8rhBEc/Xnt4Ltlw="></latexit>

~F = I

Z
d~̀⇥ ~B

⃗B ⊗
F = IaB

F = mg

I =
mg
aB



Densidade de corrente


da?
~J

<latexit sha1_base64="5HzH5ybTjL3HAy04Sn8BSpldtTo="></latexit>

~J =
d~I

da?

<latexit sha1_base64="ii6BPHFmFVfXwDGsnUtSv4iGgEw="></latexit>

~J = ⇢~v

Força no fio



Densidade de corrente


da?
~J

<latexit sha1_base64="5HzH5ybTjL3HAy04Sn8BSpldtTo="></latexit>

~J =
d~I

da?

<latexit sha1_base64="ii6BPHFmFVfXwDGsnUtSv4iGgEw="></latexit>

~J = ⇢~v

Força no fio

<latexit sha1_base64="mwAevGylA38KmRSSFhv+gTX3EyE="></latexit>

~F =

Z
~I ⇥ ~B d`



Densidade de corrente


da?
~J

<latexit sha1_base64="5HzH5ybTjL3HAy04Sn8BSpldtTo="></latexit>

~J =
d~I

da?

<latexit sha1_base64="ii6BPHFmFVfXwDGsnUtSv4iGgEw="></latexit>

~J = ⇢~v

Força no fio

<latexit sha1_base64="rEdjvvL8ceI9vNA/6seAima5fDk="></latexit>

~F =

Z
~J ⇥ ~B d⌧

<latexit sha1_base64="mwAevGylA38KmRSSFhv+gTX3EyE="></latexit>

~F =

Z
~I ⇥ ~B d`


