
Eletromagnetismo
07 de março 

Análise vetorial



x

y

z

ẑ
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Pratique o que aprendeu       

x

y

z

<latexit sha1_base64="TAR/rOJn1JSq7TfITohWNMq1YrY="></latexit>

~r · ~v =?

<latexit sha1_base64="GrD8tv0JylFh33xsnD7Gdmtjj3A="></latexit>

~v(~r) =
r̂

r2



Pratique o que aprendeu       

x

y

z

<latexit sha1_base64="AryvOX4R+7QNE0CEmb7sDqqp5OE="></latexit>

~r · ~v = �3(~r)?

<latexit sha1_base64="GrD8tv0JylFh33xsnD7Gdmtjj3A="></latexit>

~v(~r) =
r̂

r2



Função delta 
Três dimensões 

<latexit sha1_base64="uVE+YUfWVH4kNFsGhHBRpDI8418="></latexit>Z

V
f(~r)�3(~r)d⌧ = f(0)

<latexit sha1_base64="O/Dpc26WTftiGAnQW04bQCXCSxo="></latexit>

�3(~r) =

(
0 ~r 6= 0

indefinida ~r = 0



Análise vetorial

Teorema de Gauss

<latexit sha1_base64="eqoKm4RBwZHrfLHAW265Dlze3fM=">AAAMOHic5VZLc9tEHFfLqyg8Wjhy2ZCmUwZHSI6duIAyzfTCgUOhzxmvm1mt1tJO9GJ3ZTvd0QeD78AH4AQ36JVPwH9Xjh07zsBAb+xEzmr/v//7oY2qjEvl+79cu/7Gm2+9/c6Nd92t997/4MObtz56KstaUPaEllkpnkdEsowX7IniKmPPK8FIHmXsWXT6wNCfTZiQvCweq7OKjXKSFHzMKVFwdHLzEY7KmUg05oXCU41zol </latexit>

R
V
~r · ~v d⌧ =

R
~v · n̂ dA



Pratique o que aprendeu       

x

y

z

<latexit sha1_base64="AryvOX4R+7QNE0CEmb7sDqqp5OE="></latexit>

~r · ~v = �3(~r)?

<latexit sha1_base64="FYPvAX5RIiTMXJIY33t1HjqMidA="></latexit>Z

V
~r · ~v d⌧ =

Z

S
~v · n̂ dA

<latexit sha1_base64="GrD8tv0JylFh33xsnD7Gdmtjj3A="></latexit>

~v(~r) =
r̂

r2

<latexit sha1_base64="MIVVCDc0mU2OZI0lmGa+4hz/zUc=">AAAMh3ic5VZNc9tEGFbLV6sGaOEIhy1pOmXqqFrHTlxAmZZeOHAotE0743Uzq9Va2om+WK1spzv6YfwUTlzhX/DuyrFjxykM9MZO5Kz2fd7vD21YpqJSvv/blavvvf/Bhx9du+7e2Pr4k09v3vrsqCpqyfgLVqSFfBXSiqci5y+UUCl/VUpOszDlL8OTJ4b+csJlJYr8uTot+SijcS7GglEFR8c3nxGRq2NNMqoSRlN01CASiY </latexit>Z

V
~r · ~v d⌧ =

Z

S

1

r2
dA



Pratique o que aprendeu       

x

y

z

<latexit sha1_base64="AryvOX4R+7QNE0CEmb7sDqqp5OE="></latexit>

~r · ~v = �3(~r)?

<latexit sha1_base64="FYPvAX5RIiTMXJIY33t1HjqMidA="></latexit>Z

V
~r · ~v d⌧ =

Z

S
~v · n̂ dA

<latexit sha1_base64="GrD8tv0JylFh33xsnD7Gdmtjj3A="></latexit>

~v(~r) =
r̂

r2

<latexit sha1_base64="UpZNY/K8LQ5kQfwO/kHr8yVZRCo=">AAAMoXic5VZJc9s2FKaTLinjtkl7bA9IFWfSiawSsmQrbenJcmlnekizzwiKByQhEmNwKQhqCYa/sqf+lN76AMqSJctpp82tGFMG8b63L0RQCF4qz/tj58rVDz786ONrn7jXdz/97PMbN794WeaVDNmLMBe5fB3QkgmesReKK8FeF5LRNBDsVXD62NBfTZgseZ49V/OCjVIaZ3zMQ6rg6ORGSnimTjRJqUpCKtDLGpGITzSZUD </latexit>Z

V
~r · ~v d⌧ =

Z

S

1

r2
dA = 4⇡



Pratique o que aprendeu       

x

y

z

<latexit sha1_base64="AryvOX4R+7QNE0CEmb7sDqqp5OE="></latexit>

~r · ~v = �3(~r)?

<latexit sha1_base64="FYPvAX5RIiTMXJIY33t1HjqMidA="></latexit>Z

V
~r · ~v d⌧ =

Z

S
~v · n̂ dA

<latexit sha1_base64="GrD8tv0JylFh33xsnD7Gdmtjj3A="></latexit>

~v(~r) =
r̂

r2

<latexit sha1_base64="UpZNY/K8LQ5kQfwO/kHr8yVZRCo=">AAAMoXic5VZJc9s2FKaTLinjtkl7bA9IFWfSiawSsmQrbenJcmlnekizzwiKByQhEmNwKQhqCYa/sqf+lN76AMqSJctpp82tGFMG8b63L0RQCF4qz/tj58rVDz786ONrn7jXdz/97PMbN794WeaVDNmLMBe5fB3QkgmesReKK8FeF5LRNBDsVXD62NBfTZgseZ49V/OCjVIaZ3zMQ6rg6ORGSnimTjRJqUpCKtDLGpGITzSZUD </latexit>Z

V
~r · ~v d⌧ =

Z

S

1

r2
dA = 4⇡

<latexit sha1_base64="iEuuceELvy4xzSwTxfna9LIZm3A="></latexit>

) ~r · ~v = 4⇡�3(~r)



Divergente em coordenadas esféricas 
<latexit sha1_base64="eqoKm4RBwZHrfLHAW265Dlze3fM="></latexit>

R
V
~r · ~v d⌧ =

R
~v · n̂ dA

<latexit sha1_base64="nWpsDXldLJ1Pw0R5PumAnM6qVsg="></latexit>

~r · ~v�⌧ = �(vnA)



Divergente em coordenadas esféricas 
<latexit sha1_base64="eqoKm4RBwZHrfLHAW265Dlze3fM="></latexit>

R
V
~r · ~v d⌧ =

R
~v · n̂ dA

<latexit sha1_base64="nWpsDXldLJ1Pw0R5PumAnM6qVsg="></latexit>

~r · ~v�⌧ = �(vnA)

Cartesianas, para treinar



Divergente em coordenadas esféricas 
<latexit sha1_base64="eqoKm4RBwZHrfLHAW265Dlze3fM="></latexit>

R
V
~r · ~v d⌧ =

R
~v · n̂ dA

<latexit sha1_base64="nWpsDXldLJ1Pw0R5PumAnM6qVsg="></latexit>

~r · ~v�⌧ = �(vnA)

<latexit sha1_base64="YUYEo+DmuImCsaMJRlwHzADCims="></latexit>⇣
~r · ~v

⌘
�⌧ = �(vxdydz) +�(vydxdz) +�(vzdxdy)



Divergente em coordenadas esféricas 
<latexit sha1_base64="eqoKm4RBwZHrfLHAW265Dlze3fM="></latexit>

R
V
~r · ~v d⌧ =

R
~v · n̂ dA

<latexit sha1_base64="nWpsDXldLJ1Pw0R5PumAnM6qVsg="></latexit>

~r · ~v�⌧ = �(vnA)

<latexit sha1_base64="YUYEo+DmuImCsaMJRlwHzADCims="></latexit>⇣
~r · ~v

⌘
�⌧ = �(vxdydz) +�(vydxdz) +�(vzdxdy)



Divergente em coordenadas esféricas 
<latexit sha1_base64="eqoKm4RBwZHrfLHAW265Dlze3fM="></latexit>

R
V
~r · ~v d⌧ =

R
~v · n̂ dA

<latexit sha1_base64="nWpsDXldLJ1Pw0R5PumAnM6qVsg="></latexit>

~r · ~v�⌧ = �(vnA)

<latexit sha1_base64="YUYEo+DmuImCsaMJRlwHzADCims="></latexit>⇣
~r · ~v

⌘
�⌧ = �(vxdydz) +�(vydxdz) +�(vzdxdy)

<latexit sha1_base64="JRv2rdy/pkZe9BIGBxvCAfXx80g="></latexit>

~r · ~v =
�(vxdydz) +�(vydxdz) +�(vzdxdy)

dxdydz



Divergente em coordenadas esféricas 
<latexit sha1_base64="eqoKm4RBwZHrfLHAW265Dlze3fM="></latexit>

R
V
~r · ~v d⌧ =

R
~v · n̂ dA

<latexit sha1_base64="nWpsDXldLJ1Pw0R5PumAnM6qVsg="></latexit>

~r · ~v�⌧ = �(vnA)

<latexit sha1_base64="YUYEo+DmuImCsaMJRlwHzADCims="></latexit>⇣
~r · ~v

⌘
�⌧ = �(vxdydz) +�(vydxdz) +�(vzdxdy)

<latexit sha1_base64="JRv2rdy/pkZe9BIGBxvCAfXx80g="></latexit>

~r · ~v =
�(vxdydz) +�(vydxdz) +�(vzdxdy)

dxdydz

<latexit sha1_base64="PGasTChgf2mnUJoGDicZS8oZ7Co="></latexit>

~r · ~v =
@vx
@x

+
@vy
@y

+
@vz
@z



Divergente em coordenadas esféricas 
<latexit sha1_base64="eqoKm4RBwZHrfLHAW265Dlze3fM="></latexit>

R
V
~r · ~v d⌧ =

R
~v · n̂ dA

<latexit sha1_base64="nWpsDXldLJ1Pw0R5PumAnM6qVsg="></latexit>

~r · ~v�⌧ = �(vnA)

Coordenadas esféricas



Divergente em coordenadas esféricas 
<latexit sha1_base64="eqoKm4RBwZHrfLHAW265Dlze3fM="></latexit>

R
V
~r · ~v d⌧ =

R
~v · n̂ dA

<latexit sha1_base64="nWpsDXldLJ1Pw0R5PumAnM6qVsg="></latexit>

~r · ~v�⌧ = �(vnA)

r sin θdφ dr

rdθ

<latexit sha1_base64="0vKUYZESllp5xTgRmiHPo+VgOGQ=">AAAM5Hic5VZbcxs1FHbKrWwDpDDDCzwopOkkU8d4nTgX6GYKBYYHHkppms5Ybka7K+9qor0gaW0nmv0HvDG88hv4O/wbjrSO13acwkDf2Mk60rl85+jcVn7OmVTt9p8rt954862337n9rnNn9b33P1i7++FzmRUioCdBxjPxwieScpbSE8UUpy9yQUnic3rqnz82/NMhFZJl6TN1kdN+QqKUDVhAFJDO1v7AnA7UFg7ZUOMh0c </latexit>⇣
~r · ~v

⌘
�⌧ = �(vrrd✓ r sin ✓d') +�(v✓dr r sin ✓d') +�(v'dr rd✓)



Divergente em coordenadas esféricas 
<latexit sha1_base64="eqoKm4RBwZHrfLHAW265Dlze3fM="></latexit>

R
V
~r · ~v d⌧ =

R
~v · n̂ dA

<latexit sha1_base64="nWpsDXldLJ1Pw0R5PumAnM6qVsg="></latexit>

~r · ~v�⌧ = �(vnA)

r sin θdφ dr

rdθ

<latexit sha1_base64="0vKUYZESllp5xTgRmiHPo+VgOGQ=">AAAM5Hic5VZbcxs1FHbKrWwDpDDDCzwopOkkU8d4nTgX6GYKBYYHHkppms5Ybka7K+9qor0gaW0nmv0HvDG88hv4O/wbjrSO13acwkDf2Mk60rl85+jcVn7OmVTt9p8rt954862337n9rnNn9b33P1i7++FzmRUioCdBxjPxwieScpbSE8UUpy9yQUnic3rqnz82/NMhFZJl6TN1kdN+QqKUDVhAFJDO1v7AnA7UFg7ZUOMh0c </latexit>⇣
~r · ~v

⌘
�⌧ = �(vrrd✓ r sin ✓d') +�(v✓dr r sin ✓d') +�(v'dr rd✓)

<latexit sha1_base64="USH+I75YHUoR7ITfBkJGXpPqLyo=">AAANYnic5VZbc9w0FN4tt+I20NBH+qCQppNONst6k80FcKZQHnjgoUDTdGa1zci21tbENyR5dxON/wW/hlf4E7zzQziSvRdvNoVC3/DEG0nnO9850rlYbhYxITudP5q33nn3vfc/uP2hdefu2kcf31v/5IVIc+7RUy+NUv7SJYJGLKGnksmIvsw4JbEb0TP34qmWn40oFyxNnsvLjA5iEiRsyDwiYel8vbmLfTZSeETUqEAIOQ </latexit>

~r · ~v =
�(vrrd✓ r sin ✓d')

dr rd✓ r sin ✓d'
+

�(v✓dr r sin ✓d')

dr rd✓ r sin ✓d'
+

�(v'dr rd✓)

dr rd✓ r sin ✓d'



Divergente em coordenadas esféricas 
<latexit sha1_base64="eqoKm4RBwZHrfLHAW265Dlze3fM="></latexit>

R
V
~r · ~v d⌧ =

R
~v · n̂ dA

<latexit sha1_base64="nWpsDXldLJ1Pw0R5PumAnM6qVsg="></latexit>

~r · ~v�⌧ = �(vnA)

r sin θdφ dr

rdθ

<latexit sha1_base64="USH+I75YHUoR7ITfBkJGXpPqLyo=">AAANYnic5VZbc9w0FN4tt+I20NBH+qCQppNONst6k80FcKZQHnjgoUDTdGa1zci21tbENyR5dxON/wW/hlf4E7zzQziSvRdvNoVC3/DEG0nnO9850rlYbhYxITudP5q33nn3vfc/uP2hdefu2kcf31v/5IVIc+7RUy+NUv7SJYJGLKGnksmIvsw4JbEb0TP34qmWn40oFyxNnsvLjA5iEiRsyDwiYel8vbmLfTZSeETUqEAIOQ </latexit>

~r · ~v =
�(vrrd✓ r sin ✓d')

dr rd✓ r sin ✓d'
+

�(v✓dr r sin ✓d')

dr rd✓ r sin ✓d'
+

�(v'dr rd✓)

dr rd✓ r sin ✓d'



Divergente em coordenadas esféricas 
<latexit sha1_base64="eqoKm4RBwZHrfLHAW265Dlze3fM="></latexit>

R
V
~r · ~v d⌧ =

R
~v · n̂ dA

<latexit sha1_base64="nWpsDXldLJ1Pw0R5PumAnM6qVsg="></latexit>

~r · ~v�⌧ = �(vnA)

r sin θdφ dr

rdθ

<latexit sha1_base64="USH+I75YHUoR7ITfBkJGXpPqLyo=">AAANYnic5VZbc9w0FN4tt+I20NBH+qCQppNONst6k80FcKZQHnjgoUDTdGa1zci21tbENyR5dxON/wW/hlf4E7zzQziSvRdvNoVC3/DEG0nnO9850rlYbhYxITudP5q33nn3vfc/uP2hdefu2kcf31v/5IVIc+7RUy+NUv7SJYJGLKGnksmIvsw4JbEb0TP34qmWn40oFyxNnsvLjA5iEiRsyDwiYel8vbmLfTZSeETUqEAIOQ </latexit>

~r · ~v =
�(vrrd✓ r sin ✓d')

dr rd✓ r sin ✓d'
+

�(v✓dr r sin ✓d')

dr rd✓ r sin ✓d'
+

�(v'dr rd✓)

dr rd✓ r sin ✓d'

<latexit sha1_base64="ne0bjDFg5S0a+ADeh4UCELzmRps="></latexit>

~r · ~v =
�(vrr⇢⇢d✓ r⇠⇠⇠⇠sin ✓d')

dr r⇢⇢d✓ r⇠⇠⇠⇠sin ✓d'
+

�(v✓��dr r sin ✓⇢⇢d')
⇢⇢dr rd✓ �r sin ✓⇢⇢d'

+
�(v'⇠⇠⇠dr rd✓ )

⇢⇢dr r��d✓ r sin ✓d'



Divergente em coordenadas esféricas 
<latexit sha1_base64="eqoKm4RBwZHrfLHAW265Dlze3fM="></latexit>

R
V
~r · ~v d⌧ =

R
~v · n̂ dA

<latexit sha1_base64="nWpsDXldLJ1Pw0R5PumAnM6qVsg="></latexit>

~r · ~v�⌧ = �(vnA)

r sin θdφ dr

rdθ

<latexit sha1_base64="USH+I75YHUoR7ITfBkJGXpPqLyo=">AAANYnic5VZbc9w0FN4tt+I20NBH+qCQppNONst6k80FcKZQHnjgoUDTdGa1zci21tbENyR5dxON/wW/hlf4E7zzQziSvRdvNoVC3/DEG0nnO9850rlYbhYxITudP5q33nn3vfc/uP2hdefu2kcf31v/5IVIc+7RUy+NUv7SJYJGLKGnksmIvsw4JbEb0TP34qmWn40oFyxNnsvLjA5iEiRsyDwiYel8vbmLfTZSeETUqEAIOQ </latexit>

~r · ~v =
�(vrrd✓ r sin ✓d')

dr rd✓ r sin ✓d'
+

�(v✓dr r sin ✓d')

dr rd✓ r sin ✓d'
+

�(v'dr rd✓)

dr rd✓ r sin ✓d'

<latexit sha1_base64="ne0bjDFg5S0a+ADeh4UCELzmRps="></latexit>

~r · ~v =
�(vrr⇢⇢d✓ r⇠⇠⇠⇠sin ✓d')

dr r⇢⇢d✓ r⇠⇠⇠⇠sin ✓d'
+

�(v✓��dr r sin ✓⇢⇢d')
⇢⇢dr rd✓ �r sin ✓⇢⇢d'

+
�(v'⇠⇠⇠dr rd✓ )

⇢⇢dr r��d✓ r sin ✓d'

<latexit sha1_base64="p2mNvBbmXbZQQlWwKDqJy+JmR5Q=">AAAM0Hic5VZJc+Q0FO6EbfAEyMARDgqZTGVqkqbtpLMATg3MhQOHYZitqtXTJctqWxVvSLK7E5WL4spv4I/xb3iSO72lEyiYG6q4I7/3vUVvs4Ii4VJ1On+urb/z7nvvf3DnQ+fuxkcff7J579OXMi8FZS9onuTidUAkS3jGXiiuEva6EIykQcJeBedPDP9VxYTkefZcXRSsn5Io40NOiQLSYPMPHPJK44roqq4RQj7C4VAQqt </latexit>

~r · ~v =
1

r2
@(r2vr)

@r
+

1

r sin ✓

@(sin ✓v✓)

@✓
+

1

r sin ✓

@v'
@'



Minuto Pecha-Kucha
Por que o  arco-íris é 

redondo?



Minuto Pecha-Kucha
Por que o  arco-íris é 

redondo?

A

O

↵

�

B
�

�

C

�

↵

n
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Minuto Pecha-Kucha
Por que o  arco-íris é 

redondo?
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