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•
: 1 a ( ) q

ρ(r) =

{

∞ , r = a ,

0 , r 6= a .
(1)

◦ (Dirac) δ( )
1 :

δ(x − a) =

{

∞ , x = a ,

0 , x 6= a .
(2)

δ(x) = δ(−x) .(3)
∫

∞

−∞

δ(x − a) dx = 1 .(4)

∫

∞

−∞

δ(x − a)f(x) dx = f(a) . (f a )(5)
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◦ :

δn(x) =







0 , x < − 1

2n

n , − 1

2n
< x < 1

2n
,

0 , x > 1

2n
.

(6)

δ(x) = limn→∞ δn(x)

lim
n→∞

∫

∞

−∞

δn(x)f(x) dx = lim
n→∞

∫ 1

2n

−
1

2n

nf(x) dx(7)

= f(0) lim
n→∞

∫ 1

2n

−
1

2n

n dx = f(0) .

3 :

δ3(r − a) = δ(x − ax)δ(y − ay)δ(z − az) .(8)
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◦ r = a q

ρ(r) = qδ3(r − a) ,(9)

q x(t)

ρ(r, t) = qδ3(r − x(t)) .(10)

i(r, t) = qẋ(t)δ3(r − x(t)) , ẋ(t) ≡
d

dt
x(t) .(11)

(1. 2. 3)
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∇ · i(r, t) +
∂

∂t
ρ(r, t)(12)

= qẋ(t) · ∇r δ3(r − x(t)) + q
∂

∂t
δ3(r − x(t))

= −qẋ(t) · ∇x δ3(r − x(t)) + qẋ(t) · ∇x δ3(r − x(t)) = 0 ,

• N qi( mi xi(t))
(i = 1, · · · , N )
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mi

d2

dt2
xi(t) = qi [E(xi(t), t) + ẋi(t) × B(xi(t), t)] ,(13)

∇ · D(r, t) =
∑

i

qi δ
3(r − xi(t)) ,(14)

∇ · B(r, t) = 0 ,(15)

∇× H(r, t) −
∂D(r, t)

∂t
=

∑

i

qiẋi(t) δ3(r − xi(t)) ,(16)

∇× E(r, t) +
∂B(r, t)

∂t
= 0 .(17)

N ∼ O(1023)
(13)∼(17)

E,B (13) ⇐

ρ, i (14)∼(17) ⇐

(13)∼(17)
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