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2.9

2.9.1
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Ue =
1

2

∑

i

qi

(

∑

j 6=i

qj

4πε0rij

)

=
1

2

∑

i

qiφi(ri) .(3)

φi(ri) ≡
∑

j 6=i
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qi ri
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•

(2)

Ue =
1

2

∫

ρ(r1)ρ(r2)

4πε0|r1 − r2|
dV1dV2 .(4)

(2. 4. 19)

φ(r1) =
1

4πε0

∫

ρ(r2)

|r1 − r2|
dV2

Ue =
1

2

∫

ρ(r)φ(r) dV .(5)
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• :

ρ(r) = 0
-Q+Q

φφ1 2

1 2

Ue =
1

2

∫

1
ρ(r)φ(r) dV +

1

2

∫

2
ρ(r)φ(r) dV(6)

=
1

2
φ1

∫

1
ρ(r) dV +

1

2
φ2

∫

2
ρ(r) dV

( )

=
1

2
φ1Q −

1

2
φ2Q =

1

2
Q(φ1 − φ2)

=
Q2

2C
⇐ Q = C(φ1 − φ2) .

cf. (2. 8. 26)
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2.9.2

•

◦

(5)

⇒

•

∆φ = −ρ/ε0

Ue = −
1

2
ε0

∫

(∆φ)φ dV(7)

⇐ φ∆φ = φ∇2φ = ∇ · (φ∇φ) − (∇φ) · (∇φ)

= −
ε0

2

[
∫

∇ · (φ∇φ) dV −

∫

(∇φ)2 dV

]
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E = −∇φ

=
ε0

2

[
∫

∇ · (φE) dV +

∫

E
2 dV

]

.

1
∫

V

∇ · (φE) dV =

∫

S

φE · dS(8)

V
( R) S R

R

φ ∼ 1/R , E ∼ 1/R2 , dS ∼ R2 (R → ∞
)

Ue =
ε0

2

∫

E
2(r) dV(9)
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( )

ue(r) =
ε0

2
E

2(r)(10)

(Ue =
∫

ue(r) dV )

• :

ρ(r) =

{

ρ , r < a ,

0 , r > a .
(11)

§§2. 5. 2 1 (2. 5. 28)

E(r) =











Q

4πε0

r

a3
, r < a ,

Q

4πε0

1

r2
, r > a .

(12)
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Ue =
ε0

2

∫

E2(r)4πr2 dr(13)

=
ε0

2

(

Q

4πε0

)2 [∫ a

0

r2

a6
4πr2 dr +

∫ ∞

a

1

r4
4πr2 dr

]

=
3

5

Q2

4πε0a
. cf. (2. 8. 28)

(a → 0 Q Ue → ∞ )
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