
Eletromagnetismo 

F.S. Navarra
navarra@if.usp.br

edisciplinas.if.usp.br

4300372

Guilherme Germano (monitor)
guilherme.germano@usp.br



16/08 
19/08
23/08
26/08
30/08
02/09
06/09
09/09

13/09
16/09
20/09 P1
23/09
27/09
30/09
04/10
07/10

11/10
14/10
18/10
21/10 P2
25/10
28/10
01/11
04/11

08/11
11/11
15/11
18/11
22/11
25/11 P3 
29/11 correção

02/12 S1

Plano do Curso 

06/12 revisão

09/12 S2



Bibliografia 

Capítulo 2 : eletrostática

Capítulo 5 : magnetostática

Capítulo 7 : eletrodinâmica

Capítulo 8 : leis de conservação

Capítulo 9 : ondas eletromagnéticas

Capítulo 10 : campos e potenciais

Capítulo 11 : radiação



Aula 21

Radiação 

Griffiths - Capítulo 11



Radiação: produção de ondas eletromagnéticas

Radiação: emissão de energia eletromagnética, que sai de uma fonte 
finita e vai até o infinito.  

Potência atravessando esta superfície: 

P =

I
~S . ~da

<latexit sha1_base64="BZcdXKyDx9ODEWlbswri7CvrBoc="></latexit><latexit sha1_base64="BZcdXKyDx9ODEWlbswri7CvrBoc="></latexit><latexit sha1_base64="BZcdXKyDx9ODEWlbswri7CvrBoc="></latexit><latexit sha1_base64="BZcdXKyDx9ODEWlbswri7CvrBoc="></latexit>

=

I
1

µ0
( ~E ⇥ ~B) . ~da

<latexit sha1_base64="HsgymahUCaO9AAUBa2gCPLn6w2k="></latexit><latexit sha1_base64="HsgymahUCaO9AAUBa2gCPLn6w2k="></latexit><latexit sha1_base64="HsgymahUCaO9AAUBa2gCPLn6w2k="></latexit><latexit sha1_base64="HsgymahUCaO9AAUBa2gCPLn6w2k="></latexit>

Potência Radiada é o limite de P quando 
o raio r vai ao infinito

Prad = lim
r!1

P (r)
<latexit sha1_base64="yr+YOpFB/VsLybD334eA8AaI9mY="></latexit><latexit sha1_base64="yr+YOpFB/VsLybD334eA8AaI9mY="></latexit><latexit sha1_base64="yr+YOpFB/VsLybD334eA8AaI9mY="></latexit><latexit sha1_base64="yr+YOpFB/VsLybD334eA8AaI9mY="></latexit>

Prad 6= 0
<latexit sha1_base64="5fGB2qsuEoGTWfWZ/9gryam/DyE="></latexit><latexit sha1_base64="5fGB2qsuEoGTWfWZ/9gryam/DyE="></latexit><latexit sha1_base64="5fGB2qsuEoGTWfWZ/9gryam/DyE="></latexit><latexit sha1_base64="5fGB2qsuEoGTWfWZ/9gryam/DyE="></latexit>

Prad = 0
<latexit sha1_base64="G58sasd6Nz/qux+wBSpGiRt6pM0="></latexit><latexit sha1_base64="G58sasd6Nz/qux+wBSpGiRt6pM0="></latexit><latexit sha1_base64="G58sasd6Nz/qux+wBSpGiRt6pM0="></latexit><latexit sha1_base64="G58sasd6Nz/qux+wBSpGiRt6pM0="></latexit>

Fonte não irradia

Fonte irradia



Uma antena simples: o dipolo elétrico de brinquedo

A carga em cada extremidade
varia com o tempo :

V (~r, tr) =
q+(t+r )

4⇡ ✏0

1

r+
+

q�(t�r )

4⇡ ✏0

1

r�
<latexit sha1_base64="KSycUcBCOZM7alQ4v7KMGSCzWHI="></latexit><latexit sha1_base64="KSycUcBCOZM7alQ4v7KMGSCzWHI="></latexit><latexit sha1_base64="KSycUcBCOZM7alQ4v7KMGSCzWHI="></latexit><latexit sha1_base64="KSycUcBCOZM7alQ4v7KMGSCzWHI="></latexit>

t+r = t� r+
c

<latexit sha1_base64="hgwI9AYxkPykzeZx/HpflamexDE="></latexit><latexit sha1_base64="hgwI9AYxkPykzeZx/HpflamexDE="></latexit><latexit sha1_base64="hgwI9AYxkPykzeZx/HpflamexDE="></latexit><latexit sha1_base64="hgwI9AYxkPykzeZx/HpflamexDE="></latexit>

t�r = t� r�
c

<latexit sha1_base64="kVX5BJZHtMjYeni89srBPt+ib8M="></latexit><latexit sha1_base64="kVX5BJZHtMjYeni89srBPt+ib8M="></latexit><latexit sha1_base64="kVX5BJZHtMjYeni89srBPt+ib8M="></latexit><latexit sha1_base64="kVX5BJZHtMjYeni89srBPt+ib8M="></latexit>

P

q+(t) = + q0 cos(!t)
<latexit sha1_base64="Ln1JXIrsLQQ6KZ5b129jPwDzQ9o="></latexit><latexit sha1_base64="Ln1JXIrsLQQ6KZ5b129jPwDzQ9o="></latexit><latexit sha1_base64="Ln1JXIrsLQQ6KZ5b129jPwDzQ9o="></latexit><latexit sha1_base64="Ln1JXIrsLQQ6KZ5b129jPwDzQ9o="></latexit>

q�(t) = � q0 cos(!t)
<latexit sha1_base64="aO+h9ZGHmrKMeP1sPKeD5XCKI+M="></latexit><latexit sha1_base64="aO+h9ZGHmrKMeP1sPKeD5XCKI+M="></latexit><latexit sha1_base64="aO+h9ZGHmrKMeP1sPKeD5XCKI+M="></latexit><latexit sha1_base64="aO+h9ZGHmrKMeP1sPKeD5XCKI+M="></latexit>

r+ =

r
(
d

2
)2 + r2 � d r cos✓

<latexit sha1_base64="yUO0C6Icp131h5Ni9CYu2g6CJOs="></latexit><latexit sha1_base64="yUO0C6Icp131h5Ni9CYu2g6CJOs="></latexit><latexit sha1_base64="yUO0C6Icp131h5Ni9CYu2g6CJOs="></latexit><latexit sha1_base64="yUO0C6Icp131h5Ni9CYu2g6CJOs="></latexit>

r� =

r
(
d

2
)2 + r2 + d r cos✓

<latexit sha1_base64="wUwu9PGJCYY9RHCCOTSY1bbDzYM="></latexit><latexit sha1_base64="wUwu9PGJCYY9RHCCOTSY1bbDzYM="></latexit><latexit sha1_base64="wUwu9PGJCYY9RHCCOTSY1bbDzYM="></latexit><latexit sha1_base64="wUwu9PGJCYY9RHCCOTSY1bbDzYM="></latexit>

O que é sentido em P foi 
produzido antes:



V (~r, tr) =
q+(t+r )

4⇡ ✏0

1

r+
+

q�(t�r )

4⇡ ✏0

1

r�
<latexit sha1_base64="KSycUcBCOZM7alQ4v7KMGSCzWHI="></latexit><latexit sha1_base64="KSycUcBCOZM7alQ4v7KMGSCzWHI="></latexit><latexit sha1_base64="KSycUcBCOZM7alQ4v7KMGSCzWHI="></latexit><latexit sha1_base64="KSycUcBCOZM7alQ4v7KMGSCzWHI="></latexit>

V (~r, tr) =
1

4⇡ ✏0


q0 cos[!(t� r+

c )]

r+
�

q0 cos[!(t� r�
c )]

r�

�

<latexit sha1_base64="QJ1NfAgtRN3Qb4gaxuOxt1ijPl8="></latexit><latexit sha1_base64="QJ1NfAgtRN3Qb4gaxuOxt1ijPl8="></latexit><latexit sha1_base64="QJ1NfAgtRN3Qb4gaxuOxt1ijPl8="></latexit><latexit sha1_base64="QJ1NfAgtRN3Qb4gaxuOxt1ijPl8="></latexit>

Aproximação : r >> � >> d
<latexit sha1_base64="GlnyNSwCRuR5jDzOmCR7EMTiR8Q="></latexit><latexit sha1_base64="GlnyNSwCRuR5jDzOmCR7EMTiR8Q="></latexit><latexit sha1_base64="GlnyNSwCRuR5jDzOmCR7EMTiR8Q="></latexit><latexit sha1_base64="GlnyNSwCRuR5jDzOmCR7EMTiR8Q="></latexit>

1

r
<<

!

c
<latexit sha1_base64="1x6Ft5kuopF/4GNyPMv5IE6AlAI="></latexit><latexit sha1_base64="1x6Ft5kuopF/4GNyPMv5IE6AlAI="></latexit><latexit sha1_base64="1x6Ft5kuopF/4GNyPMv5IE6AlAI="></latexit><latexit sha1_base64="1x6Ft5kuopF/4GNyPMv5IE6AlAI="></latexit>

V = � q0 d!

4⇡ ✏0 c

✓
cos✓

r

◆
sen[!(t� r

c
)]

<latexit sha1_base64="kmd9RrRJHpHgZIpehGecx5IBoe4="></latexit><latexit sha1_base64="kmd9RrRJHpHgZIpehGecx5IBoe4="></latexit><latexit sha1_base64="kmd9RrRJHpHgZIpehGecx5IBoe4="></latexit><latexit sha1_base64="kmd9RrRJHpHgZIpehGecx5IBoe4="></latexit>

”onda” de potencial que 
enfraquece com a distância

! = 2⇡ ⌫ = 2⇡
c

�
<latexit sha1_base64="8McR4A1gaKurEI+qigSmgjGxj0I="></latexit><latexit sha1_base64="8McR4A1gaKurEI+qigSmgjGxj0I="></latexit><latexit sha1_base64="8McR4A1gaKurEI+qigSmgjGxj0I="></latexit><latexit sha1_base64="8McR4A1gaKurEI+qigSmgjGxj0I="></latexit>

!

c
=

2⇡

�
<latexit sha1_base64="Poc605FJ9wSBDiopeLgIn3lbMW8="></latexit><latexit sha1_base64="Poc605FJ9wSBDiopeLgIn3lbMW8="></latexit><latexit sha1_base64="Poc605FJ9wSBDiopeLgIn3lbMW8="></latexit><latexit sha1_base64="Poc605FJ9wSBDiopeLgIn3lbMW8="></latexit>

! d

c
=

2⇡ d

�
<latexit sha1_base64="9HrYKk8JjaK7o9vOwTVxDHSA4OM="></latexit><latexit sha1_base64="9HrYKk8JjaK7o9vOwTVxDHSA4OM="></latexit><latexit sha1_base64="9HrYKk8JjaK7o9vOwTVxDHSA4OM="></latexit><latexit sha1_base64="9HrYKk8JjaK7o9vOwTVxDHSA4OM="></latexit>

! d

c
=

2⇡ d

�
<< 1

<latexit sha1_base64="9GqZYjqCHgO+GStDVoIKl9BJ1eY="></latexit><latexit sha1_base64="9GqZYjqCHgO+GStDVoIKl9BJ1eY="></latexit><latexit sha1_base64="9GqZYjqCHgO+GStDVoIKl9BJ1eY="></latexit><latexit sha1_base64="9GqZYjqCHgO+GStDVoIKl9BJ1eY="></latexit>

FaltaPode isso Arnaldo ?



Cálculo do potencial A

y

z+ q

- q

Corrente ao longo do eixo do dipolo: 

~I =
dq

dt
ẑ

<latexit sha1_base64="oVrlSct/noRKvWNX5Oz44TBRkxA="></latexit><latexit sha1_base64="oVrlSct/noRKvWNX5Oz44TBRkxA="></latexit><latexit sha1_base64="oVrlSct/noRKvWNX5Oz44TBRkxA="></latexit><latexit sha1_base64="oVrlSct/noRKvWNX5Oz44TBRkxA="></latexit>

q = q0 cos!t
<latexit sha1_base64="BKdgti1QR92Mv0gKrHVTdWcpDRw="></latexit><latexit sha1_base64="BKdgti1QR92Mv0gKrHVTdWcpDRw="></latexit><latexit sha1_base64="BKdgti1QR92Mv0gKrHVTdWcpDRw="></latexit><latexit sha1_base64="BKdgti1QR92Mv0gKrHVTdWcpDRw="></latexit>

dq

dt
= �q0 ! sen!t

<latexit sha1_base64="3nmpYGWUrNutYLcrjElB3+0W//k="></latexit><latexit sha1_base64="3nmpYGWUrNutYLcrjElB3+0W//k="></latexit><latexit sha1_base64="3nmpYGWUrNutYLcrjElB3+0W//k="></latexit><latexit sha1_base64="3nmpYGWUrNutYLcrjElB3+0W//k="></latexit>

~I = �q0 ! sen!t ẑ
<latexit sha1_base64="y9a9gqxvIuqdLHfUPBkn0vU1KWs="></latexit><latexit sha1_base64="y9a9gqxvIuqdLHfUPBkn0vU1KWs="></latexit><latexit sha1_base64="y9a9gqxvIuqdLHfUPBkn0vU1KWs="></latexit><latexit sha1_base64="y9a9gqxvIuqdLHfUPBkn0vU1KWs="></latexit>

d/2

d/2 ~dl0
<latexit sha1_base64="qdI5KAkToQyyaYiP9aLh57nZwnc="></latexit><latexit sha1_base64="qdI5KAkToQyyaYiP9aLh57nZwnc="></latexit><latexit sha1_base64="qdI5KAkToQyyaYiP9aLh57nZwnc="></latexit><latexit sha1_base64="qdI5KAkToQyyaYiP9aLh57nZwnc="></latexit>

ẑ
<latexit sha1_base64="cIQ070mmf11sKNcEsk2agIOqiDA="></latexit><latexit sha1_base64="cIQ070mmf11sKNcEsk2agIOqiDA="></latexit><latexit sha1_base64="cIQ070mmf11sKNcEsk2agIOqiDA="></latexit><latexit sha1_base64="cIQ070mmf11sKNcEsk2agIOqiDA="></latexit>

~A(t) =
µ0

4⇡

Z ~I(tr)

r
dl0

<latexit sha1_base64="iC3KBHtkQB30K5DzNemkpFSt0OE="></latexit><latexit sha1_base64="iC3KBHtkQB30K5DzNemkpFSt0OE="></latexit><latexit sha1_base64="iC3KBHtkQB30K5DzNemkpFSt0OE="></latexit><latexit sha1_base64="iC3KBHtkQB30K5DzNemkpFSt0OE="></latexit>



y

z+ q

- q

P

- d/2

+ d/2

~r+
<latexit sha1_base64="5FPFC9SLXjgHG6+qfvinB+/5bW8="></latexit><latexit sha1_base64="5FPFC9SLXjgHG6+qfvinB+/5bW8="></latexit><latexit sha1_base64="5FPFC9SLXjgHG6+qfvinB+/5bW8="></latexit><latexit sha1_base64="5FPFC9SLXjgHG6+qfvinB+/5bW8="></latexit>

~r�<latexit sha1_base64="C+FM8J/2riWBeoX+EXVsen/ICWU="></latexit><latexit sha1_base64="C+FM8J/2riWBeoX+EXVsen/ICWU="></latexit><latexit sha1_base64="C+FM8J/2riWBeoX+EXVsen/ICWU="></latexit><latexit sha1_base64="C+FM8J/2riWBeoX+EXVsen/ICWU="></latexit>

~r
<latexit sha1_base64="sqU/P/XRqrE5p3jecIoNjGrxv6o="></latexit><latexit sha1_base64="sqU/P/XRqrE5p3jecIoNjGrxv6o="></latexit><latexit sha1_base64="sqU/P/XRqrE5p3jecIoNjGrxv6o="></latexit><latexit sha1_base64="sqU/P/XRqrE5p3jecIoNjGrxv6o="></latexit>

r >> d
<latexit sha1_base64="xAjKtxgdeqT44XWQvWWxMeaGPVk="></latexit><latexit sha1_base64="xAjKtxgdeqT44XWQvWWxMeaGPVk="></latexit><latexit sha1_base64="xAjKtxgdeqT44XWQvWWxMeaGPVk="></latexit><latexit sha1_base64="xAjKtxgdeqT44XWQvWWxMeaGPVk="></latexit>

r+ =

r
(
d

2
)2 + r2 � d r cos✓

<latexit sha1_base64="yUO0C6Icp131h5Ni9CYu2g6CJOs="></latexit><latexit sha1_base64="yUO0C6Icp131h5Ni9CYu2g6CJOs="></latexit><latexit sha1_base64="yUO0C6Icp131h5Ni9CYu2g6CJOs="></latexit><latexit sha1_base64="yUO0C6Icp131h5Ni9CYu2g6CJOs="></latexit>

r� =

r
(
d

2
)2 + r2 + d r cos✓

<latexit sha1_base64="wUwu9PGJCYY9RHCCOTSY1bbDzYM="></latexit><latexit sha1_base64="wUwu9PGJCYY9RHCCOTSY1bbDzYM="></latexit><latexit sha1_base64="wUwu9PGJCYY9RHCCOTSY1bbDzYM="></latexit><latexit sha1_base64="wUwu9PGJCYY9RHCCOTSY1bbDzYM="></latexit>

0 0

0 0

~r+ = ~r� = ~r
<latexit sha1_base64="cmO/TvNdRQ1DAZHO+n0CC+6xlsA="></latexit><latexit sha1_base64="cmO/TvNdRQ1DAZHO+n0CC+6xlsA="></latexit><latexit sha1_base64="cmO/TvNdRQ1DAZHO+n0CC+6xlsA="></latexit><latexit sha1_base64="cmO/TvNdRQ1DAZHO+n0CC+6xlsA="></latexit>

tr = t� r

c
<latexit sha1_base64="lKtoxeo7n5Evtxagq2IXcInyr9E="></latexit><latexit sha1_base64="lKtoxeo7n5Evtxagq2IXcInyr9E="></latexit><latexit sha1_base64="lKtoxeo7n5Evtxagq2IXcInyr9E="></latexit><latexit sha1_base64="lKtoxeo7n5Evtxagq2IXcInyr9E="></latexit>

~I = �q0 ! sen[!
⇣
t� r

c

⌘
] ẑ

<latexit sha1_base64="5NdW3R5KQ/PK/Z+tvFKhSrzLYu0="></latexit><latexit sha1_base64="5NdW3R5KQ/PK/Z+tvFKhSrzLYu0="></latexit><latexit sha1_base64="5NdW3R5KQ/PK/Z+tvFKhSrzLYu0="></latexit><latexit sha1_base64="5NdW3R5KQ/PK/Z+tvFKhSrzLYu0="></latexit>

~A(t) =
µ0

4⇡

Z +d/2

�d/2

(�q0 !)

r
sen[!

⇣
t� r

c

⌘
] ẑ dz

<latexit sha1_base64="dHgkrDtf2ecDYvcIVtMvmO+QNqQ="></latexit><latexit sha1_base64="dHgkrDtf2ecDYvcIVtMvmO+QNqQ="></latexit><latexit sha1_base64="dHgkrDtf2ecDYvcIVtMvmO+QNqQ="></latexit><latexit sha1_base64="dHgkrDtf2ecDYvcIVtMvmO+QNqQ="></latexit>

~A(t) = �µ0 q0 ! d

4⇡

1

r
sen[!

⇣
t� r

c

⌘
] ẑ

<latexit sha1_base64="h4vpkoEPHzJXNuwunQU/zDn+Dpc="></latexit><latexit sha1_base64="h4vpkoEPHzJXNuwunQU/zDn+Dpc="></latexit><latexit sha1_base64="h4vpkoEPHzJXNuwunQU/zDn+Dpc="></latexit><latexit sha1_base64="h4vpkoEPHzJXNuwunQU/zDn+Dpc="></latexit>



Agora no modo guerra !



~B = ~r⇥ ~A
<latexit sha1_base64="96a2cyqyV1t8/+pT5jqPndiEFfQ="></latexit><latexit sha1_base64="96a2cyqyV1t8/+pT5jqPndiEFfQ="></latexit><latexit sha1_base64="96a2cyqyV1t8/+pT5jqPndiEFfQ="></latexit><latexit sha1_base64="96a2cyqyV1t8/+pT5jqPndiEFfQ="></latexit>

Cálculo do campo magnético : 

~A(t) = �µ0 q0 ! d

4⇡

1

r
sen[!

⇣
t� r

c

⌘
] ẑ

<latexit sha1_base64="h4vpkoEPHzJXNuwunQU/zDn+Dpc=">AAADRnicjVFda9swFL12u/Vj6+at0D7sRSwMUtiCXQLbyyBdX/qYwtIW4hBkRUlE/DVZDmTGD/13/Qelv2DbS99KX3ulKtCtjE3G1tG55xzrSlEei0L5/pXjrqw +ebq2vrH57PnWi5feq9cnRVZKxnssizN5FtGCxyLlPSVUzM9yyWkSxfw0mh3q+umcy0Jk6Ve1yPkgoZNUjAWjCqmhdx7OOasO6qbaI+Qz+UDCsaSsCpNy6JPwPfl2P4VZwidUo1FdtQ2Ti1rP1hDUlaxJwdP+UhrzsWqqZa CsK4Z6KSZTtTcwAVOqqu81GXoNv+WbQR6DwIIG2NHNvEsIYQQZMCghAQ4pKMQxUCjw6UMAPuTIDaBCTiISps6hhk30lqjiqKDIzvA7wVXfsimudWZh3Az/EuMr0UngHXoy1EnE+m/E1EuTrNm/ZVcmU+9tgXNksxJkFUyR/Zdvqfxfn+5FwRg+mR4E9pQbRnfHbEppTkXvnDzoSmFCjpzGI6xLxMw4l+dMjKcwveuzpab+0yg1q9fMakv4pXeJFxz8eZ2Pwcl+K/BbwXG70flir3od3sBbaOJ9foQOHEEXepj9w9lydpxd98K9dm/c23up61jPNvw2VuAOEEe7PA==</latexit><latexit sha1_base64="h4vpkoEPHzJXNuwunQU/zDn+Dpc=">AAADRnicjVFda9swFL12u/Vj6+at0D7sRSwMUtiCXQLbyyBdX/qYwtIW4hBkRUlE/DVZDmTGD/13/Qelv2DbS99KX3ulKtCtjE3G1tG55xzrSlEei0L5/pXjrqw +ebq2vrH57PnWi5feq9cnRVZKxnssizN5FtGCxyLlPSVUzM9yyWkSxfw0mh3q+umcy0Jk6Ve1yPkgoZNUjAWjCqmhdx7OOasO6qbaI+Qz+UDCsaSsCpNy6JPwPfl2P4VZwidUo1FdtQ2Ti1rP1hDUlaxJwdP+UhrzsWqqZa CsK4Z6KSZTtTcwAVOqqu81GXoNv+WbQR6DwIIG2NHNvEsIYQQZMCghAQ4pKMQxUCjw6UMAPuTIDaBCTiISps6hhk30lqjiqKDIzvA7wVXfsimudWZh3Az/EuMr0UngHXoy1EnE+m/E1EuTrNm/ZVcmU+9tgXNksxJkFUyR/Zdvqfxfn+5FwRg+mR4E9pQbRnfHbEppTkXvnDzoSmFCjpzGI6xLxMw4l+dMjKcwveuzpab+0yg1q9fMakv4pXeJFxz8eZ2Pwcl+K/BbwXG70flir3od3sBbaOJ9foQOHEEXepj9w9lydpxd98K9dm/c23up61jPNvw2VuAOEEe7PA==</latexit><latexit sha1_base64="h4vpkoEPHzJXNuwunQU/zDn+Dpc=">AAADRnicjVFda9swFL12u/Vj6+at0D7sRSwMUtiCXQLbyyBdX/qYwtIW4hBkRUlE/DVZDmTGD/13/Qelv2DbS99KX3ulKtCtjE3G1tG55xzrSlEei0L5/pXjrqw +ebq2vrH57PnWi5feq9cnRVZKxnssizN5FtGCxyLlPSVUzM9yyWkSxfw0mh3q+umcy0Jk6Ve1yPkgoZNUjAWjCqmhdx7OOasO6qbaI+Qz+UDCsaSsCpNy6JPwPfl2P4VZwidUo1FdtQ2Ti1rP1hDUlaxJwdP+UhrzsWqqZa CsK4Z6KSZTtTcwAVOqqu81GXoNv+WbQR6DwIIG2NHNvEsIYQQZMCghAQ4pKMQxUCjw6UMAPuTIDaBCTiISps6hhk30lqjiqKDIzvA7wVXfsimudWZh3Az/EuMr0UngHXoy1EnE+m/E1EuTrNm/ZVcmU+9tgXNksxJkFUyR/Zdvqfxfn+5FwRg+mR4E9pQbRnfHbEppTkXvnDzoSmFCjpzGI6xLxMw4l+dMjKcwveuzpab+0yg1q9fMakv4pXeJFxz8eZ2Pwcl+K/BbwXG70flir3od3sBbaOJ9foQOHEEXepj9w9lydpxd98K9dm/c23up61jPNvw2VuAOEEe7PA==</latexit><latexit sha1_base64="h4vpkoEPHzJXNuwunQU/zDn+Dpc=">AAADRnicjVFda9swFL12u/Vj6+at0D7sRSwMUtiCXQLbyyBdX/qYwtIW4hBkRUlE/DVZDmTGD/13/Qelv2DbS99KX3ulKtCtjE3G1tG55xzrSlEei0L5/pXjrqw +ebq2vrH57PnWi5feq9cnRVZKxnssizN5FtGCxyLlPSVUzM9yyWkSxfw0mh3q+umcy0Jk6Ve1yPkgoZNUjAWjCqmhdx7OOasO6qbaI+Qz+UDCsaSsCpNy6JPwPfl2P4VZwidUo1FdtQ2Ti1rP1hDUlaxJwdP+UhrzsWqqZa CsK4Z6KSZTtTcwAVOqqu81GXoNv+WbQR6DwIIG2NHNvEsIYQQZMCghAQ4pKMQxUCjw6UMAPuTIDaBCTiISps6hhk30lqjiqKDIzvA7wVXfsimudWZh3Az/EuMr0UngHXoy1EnE+m/E1EuTrNm/ZVcmU+9tgXNksxJkFUyR/Zdvqfxfn+5FwRg+mR4E9pQbRnfHbEppTkXvnDzoSmFCjpzGI6xLxMw4l+dMjKcwveuzpab+0yg1q9fMakv4pXeJFxz8eZ2Pwcl+K/BbwXG70flir3od3sBbaOJ9foQOHEEXepj9w9lydpxd98K9dm/c23up61jPNvw2VuAOEEe7PA==</latexit>

Coordenadas 
esféricas: ẑ = cos ✓ r̂ � sen ✓ ✓̂

<latexit sha1_base64="cSVAaJo8mYNBBxfwpyaKlXpPLAQ="></latexit><latexit sha1_base64="cSVAaJo8mYNBBxfwpyaKlXpPLAQ="></latexit><latexit sha1_base64="cSVAaJo8mYNBBxfwpyaKlXpPLAQ="></latexit><latexit sha1_base64="cSVAaJo8mYNBBxfwpyaKlXpPLAQ="></latexit>

= �µ0 q0 ! d

4⇡

1

r
sen[!

⇣
t� r

c

⌘
]
h
cos ✓ r̂ � sen ✓ ✓̂

i

<latexit sha1_base64="GyOkydPb9LznZqvUpH/uhWQs20k="></latexit><latexit sha1_base64="GyOkydPb9LznZqvUpH/uhWQs20k="></latexit><latexit sha1_base64="GyOkydPb9LznZqvUpH/uhWQs20k="></latexit><latexit sha1_base64="GyOkydPb9LznZqvUpH/uhWQs20k="></latexit>

r̂
<latexit sha1_base64="krplG9MgYZJ4Q+tfGKsAxK5PQ7s="></latexit><latexit sha1_base64="krplG9MgYZJ4Q+tfGKsAxK5PQ7s="></latexit><latexit sha1_base64="krplG9MgYZJ4Q+tfGKsAxK5PQ7s="></latexit><latexit sha1_base64="krplG9MgYZJ4Q+tfGKsAxK5PQ7s="></latexit>

�̂
<latexit sha1_base64="pJuljVSoJimRc7jNC2/xOkSU1xs="></latexit><latexit sha1_base64="pJuljVSoJimRc7jNC2/xOkSU1xs="></latexit><latexit sha1_base64="pJuljVSoJimRc7jNC2/xOkSU1xs="></latexit><latexit sha1_base64="pJuljVSoJimRc7jNC2/xOkSU1xs="></latexit>

✓̂
<latexit sha1_base64="WilLaXOhn9JzCFh1kmb60wREMqU="></latexit><latexit sha1_base64="WilLaXOhn9JzCFh1kmb60wREMqU="></latexit><latexit sha1_base64="WilLaXOhn9JzCFh1kmb60wREMqU="></latexit><latexit sha1_base64="WilLaXOhn9JzCFh1kmb60wREMqU="></latexit>

Ar = �µ0 q0 ! d

4⇡

cos ✓

r
sen[!

⇣
t� r

c

⌘
]

<latexit sha1_base64="Gyt/LRN69oroSAapIjbgZVM1q8U="></latexit><latexit sha1_base64="Gyt/LRN69oroSAapIjbgZVM1q8U="></latexit><latexit sha1_base64="Gyt/LRN69oroSAapIjbgZVM1q8U="></latexit><latexit sha1_base64="Gyt/LRN69oroSAapIjbgZVM1q8U="></latexit>

A✓ =
µ0 q0 ! d

4⇡

sen ✓

r
sen[!

⇣
t� r

c

⌘
]

<latexit sha1_base64="G/L2F24JdKZ7dLZShOzhMhDGgZM="></latexit><latexit sha1_base64="G/L2F24JdKZ7dLZShOzhMhDGgZM="></latexit><latexit sha1_base64="G/L2F24JdKZ7dLZShOzhMhDGgZM="></latexit><latexit sha1_base64="G/L2F24JdKZ7dLZShOzhMhDGgZM="></latexit>

ẑ
<latexit sha1_base64="yAF6ZwHpAF0kGdf2yc0Gqcx6yuA="></latexit><latexit sha1_base64="yAF6ZwHpAF0kGdf2yc0Gqcx6yuA="></latexit><latexit sha1_base64="yAF6ZwHpAF0kGdf2yc0Gqcx6yuA="></latexit><latexit sha1_base64="yAF6ZwHpAF0kGdf2yc0Gqcx6yuA="></latexit>



Rotacional
em esféricas: 

~r⇥ ~A =
<latexit sha1_base64="2ERF+cOpqh56+Ht7lOM7l2Ljuvs="></latexit><latexit sha1_base64="2ERF+cOpqh56+Ht7lOM7l2Ljuvs="></latexit><latexit sha1_base64="2ERF+cOpqh56+Ht7lOM7l2Ljuvs="></latexit><latexit sha1_base64="2ERF+cOpqh56+Ht7lOM7l2Ljuvs="></latexit>

0

0

0

0

A✓ =
µ0 q0 ! d

4⇡

sen ✓

r
sen[!

⇣
t� r

c

⌘
]

<latexit sha1_base64="G/L2F24JdKZ7dLZShOzhMhDGgZM="></latexit><latexit sha1_base64="G/L2F24JdKZ7dLZShOzhMhDGgZM="></latexit><latexit sha1_base64="G/L2F24JdKZ7dLZShOzhMhDGgZM="></latexit><latexit sha1_base64="G/L2F24JdKZ7dLZShOzhMhDGgZM="></latexit>

r A✓ =
µ0 q0 ! d

4⇡
sen ✓ sen[!

⇣
t� r

c

⌘
]

<latexit sha1_base64="2QGYS7aFl3lHwKlvU6M089FwXTM="></latexit><latexit sha1_base64="2QGYS7aFl3lHwKlvU6M089FwXTM="></latexit><latexit sha1_base64="2QGYS7aFl3lHwKlvU6M089FwXTM="></latexit><latexit sha1_base64="2QGYS7aFl3lHwKlvU6M089FwXTM="></latexit>

@

@r
(r A✓) =

µ0 q0 ! d

4⇡
sen ✓ (�!

c
) cos[!

⇣
t� r

c

⌘
]

<latexit sha1_base64="cMxorVjze+gXKu5+VztjKyq37ls="></latexit><latexit sha1_base64="cMxorVjze+gXKu5+VztjKyq37ls="></latexit><latexit sha1_base64="cMxorVjze+gXKu5+VztjKyq37ls="></latexit><latexit sha1_base64="cMxorVjze+gXKu5+VztjKyq37ls="></latexit>

Ar = �µ0 q0 ! d

4⇡

cos ✓

r
sen[!

⇣
t� r

c

⌘
]

<latexit sha1_base64="Gyt/LRN69oroSAapIjbgZVM1q8U="></latexit><latexit sha1_base64="Gyt/LRN69oroSAapIjbgZVM1q8U="></latexit><latexit sha1_base64="Gyt/LRN69oroSAapIjbgZVM1q8U="></latexit><latexit sha1_base64="Gyt/LRN69oroSAapIjbgZVM1q8U="></latexit>

� @

@✓
Ar = �µ0 q0 ! d

4⇡

sen ✓

r
sen[!

⇣
t� r

c

⌘
]

<latexit sha1_base64="7VeLTvLhTosibwOxb0dINXtCv1E="></latexit><latexit sha1_base64="7VeLTvLhTosibwOxb0dINXtCv1E="></latexit><latexit sha1_base64="7VeLTvLhTosibwOxb0dINXtCv1E="></latexit><latexit sha1_base64="7VeLTvLhTosibwOxb0dINXtCv1E="></latexit>

1

r
<<

!

c
<latexit sha1_base64="1x6Ft5kuopF/4GNyPMv5IE6AlAI="></latexit><latexit sha1_base64="1x6Ft5kuopF/4GNyPMv5IE6AlAI="></latexit><latexit sha1_base64="1x6Ft5kuopF/4GNyPMv5IE6AlAI="></latexit><latexit sha1_base64="1x6Ft5kuopF/4GNyPMv5IE6AlAI="></latexit>

= �µ0 q0 ! d

4⇡

!

c
sen ✓ cos[!

⇣
t� r

c

⌘
]

<latexit sha1_base64="pg00nnsHVfXU0qoVWOxnAer8wxs="></latexit><latexit sha1_base64="pg00nnsHVfXU0qoVWOxnAer8wxs="></latexit><latexit sha1_base64="pg00nnsHVfXU0qoVWOxnAer8wxs="></latexit><latexit sha1_base64="pg00nnsHVfXU0qoVWOxnAer8wxs="></latexit>

0



~E = �~rV � @ ~A

@t
<latexit sha1_base64="SihF8rotVOPQRb3PJGcfuploj4Q="></latexit><latexit sha1_base64="SihF8rotVOPQRb3PJGcfuploj4Q="></latexit><latexit sha1_base64="SihF8rotVOPQRb3PJGcfuploj4Q="></latexit><latexit sha1_base64="SihF8rotVOPQRb3PJGcfuploj4Q="></latexit>

~B = ~r⇥ ~A =
1

r

@

@r
(r A✓) �̂

<latexit sha1_base64="yLgTcDnAhv1xTnm4a8Ym0wfLBCg="></latexit><latexit sha1_base64="yLgTcDnAhv1xTnm4a8Ym0wfLBCg="></latexit><latexit sha1_base64="yLgTcDnAhv1xTnm4a8Ym0wfLBCg="></latexit><latexit sha1_base64="yLgTcDnAhv1xTnm4a8Ym0wfLBCg="></latexit>

~B = �µ0 q0 d

4⇡

!2

c

✓
sen ✓

r

◆
cos[!

⇣
t� r

c

⌘
]�̂

<latexit sha1_base64="UctBCSmQmUq0pakZINis0LSiGLc="></latexit><latexit sha1_base64="UctBCSmQmUq0pakZINis0LSiGLc="></latexit><latexit sha1_base64="UctBCSmQmUq0pakZINis0LSiGLc="></latexit><latexit sha1_base64="UctBCSmQmUq0pakZINis0LSiGLc="></latexit>

Cálculo do campo elétrico

V = � q0 d!

4⇡ ✏0 c

✓
cos✓

r

◆
sen[!(t� r

c
)]

<latexit sha1_base64="kmd9RrRJHpHgZIpehGecx5IBoe4="></latexit><latexit sha1_base64="kmd9RrRJHpHgZIpehGecx5IBoe4="></latexit><latexit sha1_base64="kmd9RrRJHpHgZIpehGecx5IBoe4="></latexit><latexit sha1_base64="kmd9RrRJHpHgZIpehGecx5IBoe4="></latexit>

~rV =
@V

@r
r̂ +

1

r

@V

@✓
✓̂ +

1

r sen ✓

@V

@�
�̂

<latexit sha1_base64="CMbStp+MXztp4biUGLcNh3okg48="></latexit><latexit sha1_base64="CMbStp+MXztp4biUGLcNh3okg48="></latexit><latexit sha1_base64="CMbStp+MXztp4biUGLcNh3okg48="></latexit><latexit sha1_base64="CMbStp+MXztp4biUGLcNh3okg48="></latexit>

Gradiente em esféricas :
0

~rV =
@V

@r
r̂ +

1

r

@V

@✓
✓̂ +

1

r sen ✓

@V

@�
�̂

<latexit sha1_base64="CMbStp+MXztp4biUGLcNh3okg48="></latexit><latexit sha1_base64="CMbStp+MXztp4biUGLcNh3okg48="></latexit><latexit sha1_base64="CMbStp+MXztp4biUGLcNh3okg48="></latexit><latexit sha1_base64="CMbStp+MXztp4biUGLcNh3okg48="></latexit>



V = � q0 d!

4⇡ ✏0 c

✓
cos✓

r

◆
sen[!(t� r

c
)]

<latexit sha1_base64="kmd9RrRJHpHgZIpehGecx5IBoe4=">AAADV3icjVFdaxNBFL2baBvjR9P6KMhgEFPQsCsFfRGKvvhYwaSFbAi7k0kydHZnnZktlGX/hH+u9B+0/8A3vXOdglpEJ2Tn3nPPOTN3bl4paV0cX0ad7p27W9u 9e/37Dx4+2hns7k2trg0XE66VNid5ZoWSpZg46ZQ4qYzIilyJ4/z0g68fnwljpS4/u/NKzItsXcqV5JlDaDH4OmXv2CuWvmTpymS8+bKIfbIkRBdinbXNASWVpE1UVipUEo23DDcMWKrEyo2CCdeWpW4jHIpNy1Ij1xu376 nMipLNgjMbOX80SUzboNk+m7P+YjCMxzEtdjtIQjCEsI704AJSWIIGDjUUIKAEh7GCDCz+ZpBADBVic2gQMxhJqgtooY/aGlkCGRmip/hdYzYLaIm597Sk5niKwr9BJYPnqNHIMxj70xjVa3L26N+8G/L0dzvHPQ9eBaIONoj+S3fD/F+d78XBCt5SDxJ7qgjx3fHgUtOr+JuzX7py6FAh5uMl1g3GnJQ378xIY6l3/7YZ1a+I6VGf88Ct4drfEgec/DnO28H09TiJx8mng+Hh+zDqHjyBZzDCeb6BQ/gIRzBB72/R0+hFNOpcdr53t7q9n9ROFDSP4bfV3f0BqGK8zw==</latexit><latexit sha1_base64="kmd9RrRJHpHgZIpehGecx5IBoe4=">AAADV3icjVFdaxNBFL2baBvjR9P6KMhgEFPQsCsFfRGKvvhYwaSFbAi7k0kydHZnnZktlGX/hH+u9B+0/8A3vXOdglpEJ2Tn3nPPOTN3bl4paV0cX0ad7p27W9u 9e/37Dx4+2hns7k2trg0XE66VNid5ZoWSpZg46ZQ4qYzIilyJ4/z0g68fnwljpS4/u/NKzItsXcqV5JlDaDH4OmXv2CuWvmTpymS8+bKIfbIkRBdinbXNASWVpE1UVipUEo23DDcMWKrEyo2CCdeWpW4jHIpNy1Ij1xu376 nMipLNgjMbOX80SUzboNk+m7P+YjCMxzEtdjtIQjCEsI704AJSWIIGDjUUIKAEh7GCDCz+ZpBADBVic2gQMxhJqgtooY/aGlkCGRmip/hdYzYLaIm597Sk5niKwr9BJYPnqNHIMxj70xjVa3L26N+8G/L0dzvHPQ9eBaIONoj+S3fD/F+d78XBCt5SDxJ7qgjx3fHgUtOr+JuzX7py6FAh5uMl1g3GnJQ378xIY6l3/7YZ1a+I6VGf88Ct4drfEgec/DnO28H09TiJx8mng+Hh+zDqHjyBZzDCeb6BQ/gIRzBB72/R0+hFNOpcdr53t7q9n9ROFDSP4bfV3f0BqGK8zw==</latexit><latexit sha1_base64="kmd9RrRJHpHgZIpehGecx5IBoe4=">AAADV3icjVFdaxNBFL2baBvjR9P6KMhgEFPQsCsFfRGKvvhYwaSFbAi7k0kydHZnnZktlGX/hH+u9B+0/8A3vXOdglpEJ2Tn3nPPOTN3bl4paV0cX0ad7p27W9u 9e/37Dx4+2hns7k2trg0XE66VNid5ZoWSpZg46ZQ4qYzIilyJ4/z0g68fnwljpS4/u/NKzItsXcqV5JlDaDH4OmXv2CuWvmTpymS8+bKIfbIkRBdinbXNASWVpE1UVipUEo23DDcMWKrEyo2CCdeWpW4jHIpNy1Ij1xu376 nMipLNgjMbOX80SUzboNk+m7P+YjCMxzEtdjtIQjCEsI704AJSWIIGDjUUIKAEh7GCDCz+ZpBADBVic2gQMxhJqgtooY/aGlkCGRmip/hdYzYLaIm597Sk5niKwr9BJYPnqNHIMxj70xjVa3L26N+8G/L0dzvHPQ9eBaIONoj+S3fD/F+d78XBCt5SDxJ7qgjx3fHgUtOr+JuzX7py6FAh5uMl1g3GnJQ378xIY6l3/7YZ1a+I6VGf88Ct4drfEgec/DnO28H09TiJx8mng+Hh+zDqHjyBZzDCeb6BQ/gIRzBB72/R0+hFNOpcdr53t7q9n9ROFDSP4bfV3f0BqGK8zw==</latexit><latexit sha1_base64="kmd9RrRJHpHgZIpehGecx5IBoe4=">AAADV3icjVFdaxNBFL2baBvjR9P6KMhgEFPQsCsFfRGKvvhYwaSFbAi7k0kydHZnnZktlGX/hH+u9B+0/8A3vXOdglpEJ2Tn3nPPOTN3bl4paV0cX0ad7p27W9u 9e/37Dx4+2hns7k2trg0XE66VNid5ZoWSpZg46ZQ4qYzIilyJ4/z0g68fnwljpS4/u/NKzItsXcqV5JlDaDH4OmXv2CuWvmTpymS8+bKIfbIkRBdinbXNASWVpE1UVipUEo23DDcMWKrEyo2CCdeWpW4jHIpNy1Ij1xu376 nMipLNgjMbOX80SUzboNk+m7P+YjCMxzEtdjtIQjCEsI704AJSWIIGDjUUIKAEh7GCDCz+ZpBADBVic2gQMxhJqgtooY/aGlkCGRmip/hdYzYLaIm597Sk5niKwr9BJYPnqNHIMxj70xjVa3L26N+8G/L0dzvHPQ9eBaIONoj+S3fD/F+d78XBCt5SDxJ7qgjx3fHgUtOr+JuzX7py6FAh5uMl1g3GnJQ378xIY6l3/7YZ1a+I6VGf88Ct4drfEgec/DnO28H09TiJx8mng+Hh+zDqHjyBZzDCeb6BQ/gIRzBB72/R0+hFNOpcdr53t7q9n9ROFDSP4bfV3f0BqGK8zw==</latexit>

@V

@r
=

q0 d!

4⇡ ✏0 c


1

r

✓
cos✓

r

◆
sen[!(t� r

c
)] +

!

c

✓
cos✓

r

◆
cos[!(t� r

c
)]

�

<latexit sha1_base64="1IuRSwTpDVt7olU3sUmUccpXQNs="></latexit><latexit sha1_base64="1IuRSwTpDVt7olU3sUmUccpXQNs="></latexit><latexit sha1_base64="1IuRSwTpDVt7olU3sUmUccpXQNs="></latexit><latexit sha1_base64="1IuRSwTpDVt7olU3sUmUccpXQNs="></latexit>

1

r
<<

!

c
<latexit sha1_base64="1x6Ft5kuopF/4GNyPMv5IE6AlAI="></latexit><latexit sha1_base64="1x6Ft5kuopF/4GNyPMv5IE6AlAI="></latexit><latexit sha1_base64="1x6Ft5kuopF/4GNyPMv5IE6AlAI="></latexit><latexit sha1_base64="1x6Ft5kuopF/4GNyPMv5IE6AlAI="></latexit>

0

@V

@✓
=

q0 d!

4⇡ ✏0 c

✓
sen✓

r

◆
sen[!(t� r

c
)]

<latexit sha1_base64="eVWF7d5gElj/XhES3GqOqioSAHE=">AAADc3icjVHZahsxFL3j6ZK6m7u85eUSt+BAYmZKoKVQCE0f+phC7QQ8xmhk2RbRLJU0hTDML/V3Sv+g/YC+90pR6BJKq2E0R+eec0ZXymsljU2SL1Evvnb9xs2 tW/3bd+7euz948HBqqkZzMeGVqvRpzoxQshQTK60Sp7UWrMiVOMnPjlz95KPQRlble3tei3nB1qVcSc4sUYvBp2ylGW+zmmkrmcJp9xNndiMs6/AV4oXqwyLBbA+XbsqqQqxZ1x74RS39R9RGKor1Mt6Rb48AZkqs7CiEGF GG4FZ3mGm53thdp0Sq4CwE48jifnDorqWsXZxjfzEYJuPED7wK0gCGEMZxNfgMGSyhAg4NFCCgBEtYAQNDzwxSSKAmbg4tcZqQ9HUBHfTJ25BKkIIRe0bzmlazwJa0dpnGuzn9RdGryYnwlDwV6TRh9zf09cYnO/Zv2a3PdHs7p28esgpiLWyI/ZfvUvm/PteLhRW88D1I6qn2jOuOh5TGn4rbOf7SlaWEmjiHl1TXhLl3Xp4zeo/xvbuzZb7+1Ssd69Y8aBv45nZJF5z+eZ1XwfTZOE3G6buD4eHrcNVbsA07MKL7fA6H8BaOYQI8ehy9jI6iN73v8Xa8Ez+5kPai4HkEv414/wceNsgh</latexit><latexit sha1_base64="eVWF7d5gElj/XhES3GqOqioSAHE=">AAADc3icjVHZahsxFL3j6ZK6m7u85eUSt+BAYmZKoKVQCE0f+phC7QQ8xmhk2RbRLJU0hTDML/V3Sv+g/YC+90pR6BJKq2E0R+eec0ZXymsljU2SL1Evvnb9xs2 tW/3bd+7euz948HBqqkZzMeGVqvRpzoxQshQTK60Sp7UWrMiVOMnPjlz95KPQRlble3tei3nB1qVcSc4sUYvBp2ylGW+zmmkrmcJp9xNndiMs6/AV4oXqwyLBbA+XbsqqQqxZ1x74RS39R9RGKor1Mt6Rb48AZkqs7CiEGF GG4FZ3mGm53thdp0Sq4CwE48jifnDorqWsXZxjfzEYJuPED7wK0gCGEMZxNfgMGSyhAg4NFCCgBEtYAQNDzwxSSKAmbg4tcZqQ9HUBHfTJ25BKkIIRe0bzmlazwJa0dpnGuzn9RdGryYnwlDwV6TRh9zf09cYnO/Zv2a3PdHs7p28esgpiLWyI/ZfvUvm/PteLhRW88D1I6qn2jOuOh5TGn4rbOf7SlaWEmjiHl1TXhLl3Xp4zeo/xvbuzZb7+1Ssd69Y8aBv45nZJF5z+eZ1XwfTZOE3G6buD4eHrcNVbsA07MKL7fA6H8BaOYQI8ehy9jI6iN73v8Xa8Ez+5kPai4HkEv414/wceNsgh</latexit><latexit sha1_base64="eVWF7d5gElj/XhES3GqOqioSAHE=">AAADc3icjVHZahsxFL3j6ZK6m7u85eUSt+BAYmZKoKVQCE0f+phC7QQ8xmhk2RbRLJU0hTDML/V3Sv+g/YC+90pR6BJKq2E0R+eec0ZXymsljU2SL1Evvnb9xs2 tW/3bd+7euz948HBqqkZzMeGVqvRpzoxQshQTK60Sp7UWrMiVOMnPjlz95KPQRlble3tei3nB1qVcSc4sUYvBp2ylGW+zmmkrmcJp9xNndiMs6/AV4oXqwyLBbA+XbsqqQqxZ1x74RS39R9RGKor1Mt6Rb48AZkqs7CiEGF GG4FZ3mGm53thdp0Sq4CwE48jifnDorqWsXZxjfzEYJuPED7wK0gCGEMZxNfgMGSyhAg4NFCCgBEtYAQNDzwxSSKAmbg4tcZqQ9HUBHfTJ25BKkIIRe0bzmlazwJa0dpnGuzn9RdGryYnwlDwV6TRh9zf09cYnO/Zv2a3PdHs7p28esgpiLWyI/ZfvUvm/PteLhRW88D1I6qn2jOuOh5TGn4rbOf7SlaWEmjiHl1TXhLl3Xp4zeo/xvbuzZb7+1Ssd69Y8aBv45nZJF5z+eZ1XwfTZOE3G6buD4eHrcNVbsA07MKL7fA6H8BaOYQI8ehy9jI6iN73v8Xa8Ez+5kPai4HkEv414/wceNsgh</latexit><latexit sha1_base64="eVWF7d5gElj/XhES3GqOqioSAHE=">AAADc3icjVHZahsxFL3j6ZK6m7u85eUSt+BAYmZKoKVQCE0f+phC7QQ8xmhk2RbRLJU0hTDML/V3Sv+g/YC+90pR6BJKq2E0R+eec0ZXymsljU2SL1Evvnb9xs2 tW/3bd+7euz948HBqqkZzMeGVqvRpzoxQshQTK60Sp7UWrMiVOMnPjlz95KPQRlble3tei3nB1qVcSc4sUYvBp2ylGW+zmmkrmcJp9xNndiMs6/AV4oXqwyLBbA+XbsqqQqxZ1x74RS39R9RGKor1Mt6Rb48AZkqs7CiEGF GG4FZ3mGm53thdp0Sq4CwE48jifnDorqWsXZxjfzEYJuPED7wK0gCGEMZxNfgMGSyhAg4NFCCgBEtYAQNDzwxSSKAmbg4tcZqQ9HUBHfTJ25BKkIIRe0bzmlazwJa0dpnGuzn9RdGryYnwlDwV6TRh9zf09cYnO/Zv2a3PdHs7p28esgpiLWyI/ZfvUvm/PteLhRW88D1I6qn2jOuOh5TGn4rbOf7SlaWEmjiHl1TXhLl3Xp4zeo/xvbuzZb7+1Ssd69Y8aBv45nZJF5z+eZ1XwfTZOE3G6buD4eHrcNVbsA07MKL7fA6H8BaOYQI8ehy9jI6iN73v8Xa8Ez+5kPai4HkEv414/wceNsgh</latexit>
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<latexit sha1_base64="Q0OQt3qO80avJrw8Ha33qv9uhyk="></latexit><latexit sha1_base64="Q0OQt3qO80avJrw8Ha33qv9uhyk="></latexit><latexit sha1_base64="Q0OQt3qO80avJrw8Ha33qv9uhyk="></latexit><latexit sha1_base64="Q0OQt3qO80avJrw8Ha33qv9uhyk="></latexit>
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⇣
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<latexit sha1_base64="AABDKALS9jkdx0J+WvdKVQTmwj0="></latexit><latexit sha1_base64="AABDKALS9jkdx0J+WvdKVQTmwj0="></latexit><latexit sha1_base64="AABDKALS9jkdx0J+WvdKVQTmwj0="></latexit><latexit sha1_base64="AABDKALS9jkdx0J+WvdKVQTmwj0="></latexit>
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<latexit sha1_base64="CMbStp+MXztp4biUGLcNh3okg48="></latexit><latexit sha1_base64="CMbStp+MXztp4biUGLcNh3okg48="></latexit><latexit sha1_base64="CMbStp+MXztp4biUGLcNh3okg48="></latexit><latexit sha1_base64="CMbStp+MXztp4biUGLcNh3okg48="></latexit>
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<latexit sha1_base64="h4vpkoEPHzJXNuwunQU/zDn+Dpc="></latexit><latexit sha1_base64="h4vpkoEPHzJXNuwunQU/zDn+Dpc="></latexit><latexit sha1_base64="h4vpkoEPHzJXNuwunQU/zDn+Dpc="></latexit><latexit sha1_base64="h4vpkoEPHzJXNuwunQU/zDn+Dpc="></latexit>
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<latexit sha1_base64="GyOkydPb9LznZqvUpH/uhWQs20k="></latexit><latexit sha1_base64="GyOkydPb9LznZqvUpH/uhWQs20k="></latexit><latexit sha1_base64="GyOkydPb9LznZqvUpH/uhWQs20k="></latexit><latexit sha1_base64="GyOkydPb9LznZqvUpH/uhWQs20k="></latexit>
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<latexit sha1_base64="QxUFFcqN7MYLkE4OLcw3OS30hvI="></latexit><latexit sha1_base64="QxUFFcqN7MYLkE4OLcw3OS30hvI="></latexit><latexit sha1_base64="QxUFFcqN7MYLkE4OLcw3OS30hvI="></latexit><latexit sha1_base64="QxUFFcqN7MYLkE4OLcw3OS30hvI="></latexit>
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<latexit sha1_base64="AABDKALS9jkdx0J+WvdKVQTmwj0="></latexit><latexit sha1_base64="AABDKALS9jkdx0J+WvdKVQTmwj0="></latexit><latexit sha1_base64="AABDKALS9jkdx0J+WvdKVQTmwj0="></latexit><latexit sha1_base64="AABDKALS9jkdx0J+WvdKVQTmwj0="></latexit>
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= µ0 ✏0

<latexit sha1_base64="l+Jvl8GfDf8BDQQzkMWY/TTGm/c="></latexit><latexit sha1_base64="l+Jvl8GfDf8BDQQzkMWY/TTGm/c="></latexit><latexit sha1_base64="l+Jvl8GfDf8BDQQzkMWY/TTGm/c="></latexit><latexit sha1_base64="l+Jvl8GfDf8BDQQzkMWY/TTGm/c="></latexit>
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<latexit sha1_base64="WDlNbV3dEHwTyb1llyQczOUFJ3o="></latexit><latexit sha1_base64="WDlNbV3dEHwTyb1llyQczOUFJ3o="></latexit><latexit sha1_base64="WDlNbV3dEHwTyb1llyQczOUFJ3o="></latexit><latexit sha1_base64="WDlNbV3dEHwTyb1llyQczOUFJ3o="></latexit>

~E = �~rV � @ ~A

@t
<latexit sha1_base64="SihF8rotVOPQRb3PJGcfuploj4Q="></latexit><latexit sha1_base64="SihF8rotVOPQRb3PJGcfuploj4Q="></latexit><latexit sha1_base64="SihF8rotVOPQRb3PJGcfuploj4Q="></latexit><latexit sha1_base64="SihF8rotVOPQRb3PJGcfuploj4Q="></latexit>
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<latexit sha1_base64="DHQy8ECDd/LHOA5HWWc1F2hUhTw="></latexit><latexit sha1_base64="DHQy8ECDd/LHOA5HWWc1F2hUhTw="></latexit><latexit sha1_base64="DHQy8ECDd/LHOA5HWWc1F2hUhTw="></latexit><latexit sha1_base64="DHQy8ECDd/LHOA5HWWc1F2hUhTw="></latexit>
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<latexit sha1_base64="UctBCSmQmUq0pakZINis0LSiGLc="></latexit><latexit sha1_base64="UctBCSmQmUq0pakZINis0LSiGLc="></latexit><latexit sha1_base64="UctBCSmQmUq0pakZINis0LSiGLc="></latexit><latexit sha1_base64="UctBCSmQmUq0pakZINis0LSiGLc="></latexit>
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<latexit sha1_base64="DHQy8ECDd/LHOA5HWWc1F2hUhTw="></latexit><latexit sha1_base64="DHQy8ECDd/LHOA5HWWc1F2hUhTw="></latexit><latexit sha1_base64="DHQy8ECDd/LHOA5HWWc1F2hUhTw="></latexit><latexit sha1_base64="DHQy8ECDd/LHOA5HWWc1F2hUhTw="></latexit>

r̂
<latexit sha1_base64="krplG9MgYZJ4Q+tfGKsAxK5PQ7s="></latexit><latexit sha1_base64="krplG9MgYZJ4Q+tfGKsAxK5PQ7s="></latexit><latexit sha1_base64="krplG9MgYZJ4Q+tfGKsAxK5PQ7s="></latexit><latexit sha1_base64="krplG9MgYZJ4Q+tfGKsAxK5PQ7s="></latexit>

�̂
<latexit sha1_base64="pJuljVSoJimRc7jNC2/xOkSU1xs="></latexit><latexit sha1_base64="pJuljVSoJimRc7jNC2/xOkSU1xs="></latexit><latexit sha1_base64="pJuljVSoJimRc7jNC2/xOkSU1xs="></latexit><latexit sha1_base64="pJuljVSoJimRc7jNC2/xOkSU1xs="></latexit>

✓̂
<latexit sha1_base64="WilLaXOhn9JzCFh1kmb60wREMqU="></latexit><latexit sha1_base64="WilLaXOhn9JzCFh1kmb60wREMqU="></latexit><latexit sha1_base64="WilLaXOhn9JzCFh1kmb60wREMqU="></latexit><latexit sha1_base64="WilLaXOhn9JzCFh1kmb60wREMqU="></latexit>
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<latexit sha1_base64="b36oBMkVKBy1l6tj++ttiTUfgwo="></latexit><latexit sha1_base64="b36oBMkVKBy1l6tj++ttiTUfgwo="></latexit><latexit sha1_base64="b36oBMkVKBy1l6tj++ttiTUfgwo="></latexit><latexit sha1_base64="b36oBMkVKBy1l6tj++ttiTUfgwo="></latexit>
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<latexit sha1_base64="h24Jei9dRrxXFPQg7ZNpQEPbmDI="></latexit><latexit sha1_base64="h24Jei9dRrxXFPQg7ZNpQEPbmDI="></latexit><latexit sha1_base64="h24Jei9dRrxXFPQg7ZNpQEPbmDI="></latexit><latexit sha1_base64="h24Jei9dRrxXFPQg7ZNpQEPbmDI="></latexit>

r̂
<latexit sha1_base64="1eNHCC0RwiEojTJScN+4rdqM/0o="></latexit><latexit sha1_base64="1eNHCC0RwiEojTJScN+4rdqM/0o="></latexit><latexit sha1_base64="1eNHCC0RwiEojTJScN+4rdqM/0o="></latexit><latexit sha1_base64="1eNHCC0RwiEojTJScN+4rdqM/0o="></latexit>
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<latexit sha1_base64="3SDpz8/JQQXaOsjvzE+hBAVdHus="></latexit><latexit sha1_base64="3SDpz8/JQQXaOsjvzE+hBAVdHus="></latexit><latexit sha1_base64="3SDpz8/JQQXaOsjvzE+hBAVdHus="></latexit><latexit sha1_base64="3SDpz8/JQQXaOsjvzE+hBAVdHus="></latexit>
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<latexit sha1_base64="MyHKvakeqlw2fQiCWJVM4LEfXeU="></latexit><latexit sha1_base64="MyHKvakeqlw2fQiCWJVM4LEfXeU="></latexit><latexit sha1_base64="MyHKvakeqlw2fQiCWJVM4LEfXeU="></latexit><latexit sha1_base64="MyHKvakeqlw2fQiCWJVM4LEfXeU="></latexit>

1/2



Cálculo da potência média radiada

< P >=

I
< ~S > . ~da

<latexit sha1_base64="tsFWsq/8uobad+QrKlUONNdUZSo="></latexit><latexit sha1_base64="tsFWsq/8uobad+QrKlUONNdUZSo="></latexit><latexit sha1_base64="tsFWsq/8uobad+QrKlUONNdUZSo="></latexit><latexit sha1_base64="tsFWsq/8uobad+QrKlUONNdUZSo="></latexit>

~da = da r̂
<latexit sha1_base64="mUZa2EucBZNggC6RY1gR5QrJEm0="></latexit><latexit sha1_base64="mUZa2EucBZNggC6RY1gR5QrJEm0="></latexit><latexit sha1_base64="mUZa2EucBZNggC6RY1gR5QrJEm0="></latexit><latexit sha1_base64="mUZa2EucBZNggC6RY1gR5QrJEm0="></latexit>
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<latexit sha1_base64="3SDpz8/JQQXaOsjvzE+hBAVdHus="></latexit><latexit sha1_base64="3SDpz8/JQQXaOsjvzE+hBAVdHus="></latexit><latexit sha1_base64="3SDpz8/JQQXaOsjvzE+hBAVdHus="></latexit><latexit sha1_base64="3SDpz8/JQQXaOsjvzE+hBAVdHus="></latexit>

da = r2 sen ✓ d✓ d�
<latexit sha1_base64="Ht+IuXkE5N1Xc2EUVGF4UxbEK8A="></latexit><latexit sha1_base64="Ht+IuXkE5N1Xc2EUVGF4UxbEK8A="></latexit><latexit sha1_base64="Ht+IuXkE5N1Xc2EUVGF4UxbEK8A="></latexit><latexit sha1_base64="Ht+IuXkE5N1Xc2EUVGF4UxbEK8A="></latexit>
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<latexit sha1_base64="eRDHBZD+X/YhKo1zvx7U1a1PFV8="></latexit><latexit sha1_base64="eRDHBZD+X/YhKo1zvx7U1a1PFV8="></latexit><latexit sha1_base64="eRDHBZD+X/YhKo1zvx7U1a1PFV8="></latexit><latexit sha1_base64="eRDHBZD+X/YhKo1zvx7U1a1PFV8="></latexit>

2⇡
<latexit sha1_base64="Bj2JRpyuMh16A1diJBZbGNZWTq8="></latexit><latexit sha1_base64="Bj2JRpyuMh16A1diJBZbGNZWTq8="></latexit><latexit sha1_base64="Bj2JRpyuMh16A1diJBZbGNZWTq8="></latexit><latexit sha1_base64="Bj2JRpyuMh16A1diJBZbGNZWTq8="></latexit>
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<latexit sha1_base64="6BmkPt+lP0ec412skhHD52w3Vxk="></latexit><latexit sha1_base64="6BmkPt+lP0ec412skhHD52w3Vxk="></latexit><latexit sha1_base64="6BmkPt+lP0ec412skhHD52w3Vxk="></latexit><latexit sha1_base64="6BmkPt+lP0ec412skhHD52w3Vxk="></latexit>

< Prad >= lim
r!1

< P > 6= 0
<latexit sha1_base64="KWiBZ9pv7GRgBHo3nQte657stzY="></latexit><latexit sha1_base64="KWiBZ9pv7GRgBHo3nQte657stzY="></latexit><latexit sha1_base64="KWiBZ9pv7GRgBHo3nQte657stzY="></latexit><latexit sha1_base64="KWiBZ9pv7GRgBHo3nQte657stzY="></latexit>

Sim, este sistema irradia !

hP i = µ0 q0 d2 !4

12⇡ c
<latexit sha1_base64="e1wRzLqPvv3BJKc1rsqR0o+JsK8="></latexit>



Radiação uma antena de brinquedo: 

Resumindo...
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<latexit sha1_base64="UctBCSmQmUq0pakZINis0LSiGLc="></latexit><latexit sha1_base64="UctBCSmQmUq0pakZINis0LSiGLc="></latexit><latexit sha1_base64="UctBCSmQmUq0pakZINis0LSiGLc="></latexit><latexit sha1_base64="UctBCSmQmUq0pakZINis0LSiGLc="></latexit>
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<latexit sha1_base64="DHQy8ECDd/LHOA5HWWc1F2hUhTw="></latexit><latexit sha1_base64="DHQy8ECDd/LHOA5HWWc1F2hUhTw="></latexit><latexit sha1_base64="DHQy8ECDd/LHOA5HWWc1F2hUhTw="></latexit><latexit sha1_base64="DHQy8ECDd/LHOA5HWWc1F2hUhTw="></latexit>

r̂
<latexit sha1_base64="krplG9MgYZJ4Q+tfGKsAxK5PQ7s="></latexit><latexit sha1_base64="krplG9MgYZJ4Q+tfGKsAxK5PQ7s="></latexit><latexit sha1_base64="krplG9MgYZJ4Q+tfGKsAxK5PQ7s="></latexit><latexit sha1_base64="krplG9MgYZJ4Q+tfGKsAxK5PQ7s="></latexit>

�̂
<latexit sha1_base64="pJuljVSoJimRc7jNC2/xOkSU1xs="></latexit><latexit sha1_base64="pJuljVSoJimRc7jNC2/xOkSU1xs="></latexit><latexit sha1_base64="pJuljVSoJimRc7jNC2/xOkSU1xs="></latexit><latexit sha1_base64="pJuljVSoJimRc7jNC2/xOkSU1xs="></latexit>

✓̂
<latexit sha1_base64="WilLaXOhn9JzCFh1kmb60wREMqU="></latexit><latexit sha1_base64="WilLaXOhn9JzCFh1kmb60wREMqU="></latexit><latexit sha1_base64="WilLaXOhn9JzCFh1kmb60wREMqU="></latexit><latexit sha1_base64="WilLaXOhn9JzCFh1kmb60wREMqU="></latexit>

< ~S >=
µ0 q20 d

2!4

32⇡2 c

sen2✓
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r̂

<latexit sha1_base64="3SDpz8/JQQXaOsjvzE+hBAVdHus="></latexit><latexit sha1_base64="3SDpz8/JQQXaOsjvzE+hBAVdHus="></latexit><latexit sha1_base64="3SDpz8/JQQXaOsjvzE+hBAVdHus="></latexit><latexit sha1_base64="3SDpz8/JQQXaOsjvzE+hBAVdHus="></latexit>

< Prad >= lim
r!1

< P > 6= 0
<latexit sha1_base64="KWiBZ9pv7GRgBHo3nQte657stzY="></latexit><latexit sha1_base64="KWiBZ9pv7GRgBHo3nQte657stzY="></latexit><latexit sha1_base64="KWiBZ9pv7GRgBHo3nQte657stzY="></latexit><latexit sha1_base64="KWiBZ9pv7GRgBHo3nQte657stzY="></latexit>

Sim, este sistema irradia !

! = 2⇡ ⌫ = 2⇡
c

�
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Se a antena emite: mais energia é emitida nas frequências maiores !!!

Se a antena absorve: mais energia absorvida nas frequências maiores !!!

hP i = µ0 q0 d2 !4

12⇡ c
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Espalhamento Rayleigh na atmosfera:

Luz do sol incide sobre a Terra
com todas as frequências (cores)



Espalhamento Rayleigh na atmosfera:

Chega luz com todas 
as frequências

(de todas a cores)

O azul é mais espalhado !!!

As frequências mais altas são mais espalhadas

Molécula na 
atmosfera



FaltaÉ preciso amaa-aa-aar as pessoas  
como se não houvesse amanhã... 

FaltaMe diz porque que o céu é azul

Renato Russo
FaltahP i = µ0 q0 d2 !4
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