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Análise vetorial
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ρ
ϵ0

⃗∇ × ⃗E = −
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∂ ⃗D
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Análise vetorial

Teorema fundamental para o gradiente

Figura 1.26
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Teorema fundamental para o divergente (Gauss)

<latexit sha1_base64="eC4yEcItMKPLYes+yDVmrHrl1B8="></latexit>

n̂

v̂

<latexit sha1_base64="oZXKQCHdJByfYq7oK3xC8GdSNZQ="></latexit>

R
V(

~r · ~v) d⌧ =
R
S ~v · n̂ dA



Análise vetorial
Teorema fundamental para o rotacional (Stokes)

<latexit sha1_base64="G2HJejoj5d1czDR5v/CjRRfJvmA="></latexit>

R
S(

~r⇥ ~v) · n̂ dA =
R
P ~v · d~̀

Figura 1.31

𝒫
⃗v



Análise vetorial
Teorema fundamental para o rotacional (Stokes)

<latexit sha1_base64="G2HJejoj5d1czDR5v/CjRRfJvmA="></latexit>

R
S(

~r⇥ ~v) · n̂ dA =
R
P ~v · d~̀ Figura 1.31

𝒫
⃗v

∫𝒮

⃗∇ × ⃗v ⋅ ̂ndA = 0



Análise vetorial
Coordenadas esféricas

x

y

z

r

s ⌘ r sin ✓

r
co
s
✓✓

�

r̂

✓̂

�̂



Análise vetorial
Coordenadas esféricas

x

y

z

r

s ⌘ r sin ✓

r
co
s
✓✓

�

r̂

✓̂

�̂

z = r cos θ

x = r sin θ cos ϕ

y = r sin θ sin ϕ

r = x2 + y2 + z2

cos θ =
z
r

tan ϕ =
y
x



Análise vetorial
Coordenadas esféricas

x

y

z

r

s ⌘ r sin ✓

r
co
s
✓✓

�

r̂

✓̂

�̂

d ⃗ℓ = dx ̂x + dy ̂y + dz ̂z

d ⃗ℓ (dr, dθ, dϕ) = ?



Análise vetorial
Coordenadas esféricas

x

y

z

r

s ⌘ r sin ✓

r
co
s
✓✓

�

r̂

✓̂

�̂

d ⃗ℓ = dx ̂x + dy ̂y + dz ̂z

d ⃗ℓ (dr, dθ, dϕ) = ?

d ⃗ℓ = dr ̂r+?



Análise vetorial
Coordenadas esféricas

x

y

z

r

s ⌘ r sin ✓

r
co
s
✓✓

�

r̂

✓̂

�̂

d ⃗ℓ = dx ̂x + dy ̂y + dz ̂z

d ⃗ℓ (dr, dθ, dϕ) = ?

d ⃗ℓ = dr ̂r+? z

r

✓

d✓

rd✓



Análise vetorial
Coordenadas esféricas

x

y

z

r

s ⌘ r sin ✓

r
co
s
✓✓

�

r̂

✓̂

�̂

d ⃗ℓ = dx ̂x + dy ̂y + dz ̂z

d ⃗ℓ (dr, dθ, dϕ) = ?

d ⃗ℓ = dr ̂r + rdθ ̂θ+? z

r

✓

d✓

rd✓



Análise vetorial
Coordenadas esféricas

x

y

z

r

s ⌘ r sin ✓

r
co
s
✓✓

�

r̂

✓̂

�̂

d ⃗ℓ = dx ̂x + dy ̂y + dz ̂z

d ⃗ℓ (dr, dθ, dϕ) = ?

d ⃗ℓ = dr ̂r + rdθ ̂θ+?

x

y

s

�

d�

sd�

s = r sin ✓



Análise vetorial
Coordenadas esféricas

x

y

z

r

s ⌘ r sin ✓

r
co
s
✓✓

�

r̂

✓̂

�̂

d ⃗ℓ = dx ̂x + dy ̂y + dz ̂z

d ⃗ℓ (dr, dθ, dϕ) = ?

d ⃗ℓ = dr ̂r + rdθ ̂θ + r sin θdϕ ̂ϕ

x

y

s

�

d�

sd�

s = r sin ✓



Análise vetorial
Coordenadas esféricas

x

y

z

r

s ⌘ r sin ✓

r
co
s
✓✓

�

r̂

✓̂

�̂

d ⃗ℓ = dx ̂x + dy ̂y + dz ̂z

d ⃗ℓ (dr, dθ, dϕ) = ?

d ⃗ℓ = dr ̂r + rdθ ̂θ + r sin θdϕ ̂ϕ

dτ = r2 sin θdr dθ dϕ



Pratique o que aprendeu       

<latexit sha1_base64="QD1LhZSNf3TLla1kzOzK3IJy35M="></latexit>

R

Volume da esfera

V = ∫𝒱
dτ



Pratique o que aprendeu       

<latexit sha1_base64="QD1LhZSNf3TLla1kzOzK3IJy35M="></latexit>

R

Volume da esfera

V = ∫𝒱
dτ

V = ∫
R

0 ∫
π

0 ∫
2π

0
r2 sin θdϕdθdr



Pratique o que aprendeu       

<latexit sha1_base64="QD1LhZSNf3TLla1kzOzK3IJy35M="></latexit>

R

Volume da esfera

V = ∫𝒱
dτ

V = ∫
R

0 ∫
π

0 ∫
2π

0
r2 sin θdϕdθdr

∫
π

0
()sin θdθ → ∫

π

0
()(−d cos θ)

∫
π

0
()sin θdθ → ∫

1

−1
()du



Pratique o que aprendeu       

<latexit sha1_base64="QD1LhZSNf3TLla1kzOzK3IJy35M="></latexit>

R

Volume da esfera

V = ∫𝒱
dτ

V = ∫
R

0 ∫
π

0 ∫
2π

0
r2 sin θdϕdθdr

∫
π

0
()sin θdθ → ∫

π

0
()(−d cos θ)

∫
π

0
()sin θdθ → ∫

1

−1
()du

V = ∫
R

0 ∫
1

1 ∫
2π

0
r2dϕdudr



Pratique o que aprendeu       

<latexit sha1_base64="QD1LhZSNf3TLla1kzOzK3IJy35M="></latexit>

R

Volume da esfera

V = ∫𝒱
dτ

V = ∫
R

0 ∫
π

0 ∫
2π

0
r2 sin θdϕdθdr

∫
π

0
()sin θdθ → ∫

π

0
()(−d cos θ)

∫
π

0
()sin θdθ → ∫

1

−1
()du

V = ∫
R

0 ∫
1

1 ∫
2π

0
r2dϕdudr

V = 4π∫
R

0
r2dr



Pratique o que aprendeu       

<latexit sha1_base64="QD1LhZSNf3TLla1kzOzK3IJy35M="></latexit>

R

Volume da esfera

V = ∫𝒱
dτ

V = ∫
R

0 ∫
π

0 ∫
2π

0
r2 sin θdϕdθdr

∫
π

0
()sin θdθ → ∫

π

0
()(−d cos θ)

∫
π

0
()sin θdθ → ∫

1

−1
()du

V = ∫
R

0 ∫
1

1 ∫
2π

0
r2dϕdudr

V = 4π∫
R

0
r2dr =

4π
3

R3



Análise vetorial
Gradiente em coordenadas esféricas
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