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Eq. Laplace - Simetras com Variag¢ao 1D (distanciar)
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Plano carregado
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Planos Paralelos
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Cabo Coaxial e Esferas Conceéntricas
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Capacitor Esfeérico




Teorema da Unicidade

Equacao de Laplace Equacao de Poisson
Zon — Pv

Vv P = 0 V P =——
E

@ = @y em S, mp Condicio de Contorno de Dirichlet
d¢

3 = V¢ - 71, em Sy = Condigéo de Contorno de Neumann
n

Apenas dgp/an -
solucao unica a
menos de uma

- constante
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Teorema da Unicidade

Z(T) — SD U SN
o=V, ®» S,
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Condlgao de Contorno de Neumann
Interface Condutor(1)-Isolante(2)
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Ex. : Teorema da Unicidade - Capacitor

" Vz(P =0 ol = —df2)= —V; /2
y x=d2 | : . Gl =dlj2) = Val2
. i | -
'l' x=—d/2 == — % siup =
at
o=0 o(x) =kix+ k>
—kd/2+ky, =—Voy/2 B kd/2+k, =V,/2
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1. =T 5 — (P(x)—zx » 7S
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Teorema da Unicidade . Capacitor Estérico sem Simetria
1: Condutor homogéneo
Vip =0

-~ Condicoes de Contorno
pglr=h0=8=xa/2)=10
Glr=@0<8<a/2)=",

¢
on

=0
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Capacitor ﬁsfpﬁég”s‘:émrhugl‘?ﬁ%ﬁfﬁ ~"Sofugio em 1

V. 1 1
o(r) = (1_”1) -8
a b
V. 1 1
@(’”=b>=(1f1)(5—5)‘°
a b
D eora qg(r:a):(lif]%)(é—%):vﬂ
a
0¢ ~ 10¢(r) 3
onl. "1 a8 -
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POJ-ITECNICA DA U ERSID

Capacitor Esférico sem Simetria — Sofucio em 2

. V=0
P : }‘\-\
£ b N\

@(r =b)=0
T p(r=a,a/2 <0 <m)=V,
\U c,=0, &,

‘6,8 O / .8 =a/2) = Vo 1_1
- prnE=a (_l_%)(r 3

a

V 7
Solucao o) = (1 0 1) (; - E)

Geral a b
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Capacitor Esférico sem Simetria — Resisténcia de 1

(1) = (1?1) (%_%)

- Vo 1 _ ] = ff j’-d§=f 0. E -0,.2nr?sinf do
E = (1 1) Tz u?" ) sup esf r 0

B (b—a)
= 2000 (1 - cos?) D R = Zngan(i=cos®)
@) :
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Capacitor Esférico sem Simetria — Capacitancia Total

) 0, = fj D-dS =

_—

& E-10,2nr?sin6 do +

C‘l'u_.____}mln

supesfr =
f &E 0,2mr?sin@ do
¢ . / 21:51 Vo a;raz Vo
0 (1 cos ) (1 + cos )
Sewe 1 (D) -3
= (l_l)rzur _ 2mVyab
a b ~0—a [(51 +£2)+c05—(£1 —52)]

2mab
C = )[€1+€2)+cos (51—82)]

(b —

17



ESCOLA POLITECNICA DA U NI'M"'EH‘SIDADE DE SAO PAULO

ReS|stenC|a de Aterramento - Esfera
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P (__1) r b
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Resisténcia de Aterramento — Solo Estratificado

Iy ¢,(r=0,0<0<71/2)=0

p,(r=a,0<06<n/2) =V,

0¢1, B —010¢4 =000,
=0 =
on |interface or _—— or _—
solo-ar
Vo=V, 1 1
p,1(r) = 1 1 (;_E)‘I'Vb cpz(r):be;
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Resisténcia de Aterramento — Solo Estratificado
' Vv, = i %
> ga+o,(b—a) "’

5 5> 0,bV
[ = ﬂj-ds= 2 D omr?

2
ST>b 210,0,ab
= A
o.a + o,(b—a)
IS (b—a)

R
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Potenmal Z partlr de Q, p
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Potencial a partirde q, p

B e o
If;/i\\::*ff:_f—;ﬁr D = ¢E = Ef;ﬁr
q= #T)’ ds = —af—;#ds . —4“’5"1* o = 4??8

S S
ple) = 41?5?" E = 41:;1”2 i, D= 41?7'2 ﬁ_’f
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Potencial a partirde q, p

»(P) = Z ATer;

py (X', y ,Z) dt' = dx'dy'dz’

dq = py(x',y',z")di" P(x,y,2z)

py(x',y',2") dr’
4dteRrR

do(x,y,z) =
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Potencial a partirde q, p

p‘[x’ (xfr yf!zf) de
4meR

R=y(x—x)2+(y—y)2+(z—2)2

do(x,y,z) =

| ptunn) = [[[ D
el 47eR
VZQ‘D T

( - Hf Vo dt’
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