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• (1. 4. 1)

∑

i

mi

dvi(t)

dt
(1)

=
∑

i

∫

V

dV qiδ
3(r − xi(t)) [E(r, t) + vi(t) × B(r, t)] .

(1. 3. 14) (1. 3. 16) qi, qivi(t)

d

dt

[

∑

i

mivi(t)

]

=

∫

V

dV
[

(∇ · D(r, t)) E(r, t)(2)

+

(

∇× H(r, t) −
∂D(r, t)

∂t

)

× B(r, t)
]

.

[· · ·]
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∂

∂t
(D × B) =

∂D

∂t
× B + D ×

∂B

∂t
(3)

=
∂D

∂t
× B − D ×∇× E ,

d

dt

[

∑

i

mivi(t) +

∫

V

dV D(r, t) × B(r, t)

]

(4)

=

∫

V

dV [(∇ · D(r, t)) E(r, t) − D(r, t) ×∇× E(r, t)

−B(r, t) ×∇× H(r, t)] .

( D × B = ε0µ0S = S/c2 )
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• (4)
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(5)

≡ ε0





E2

x −
1

2
E

2 ExEy ExEz

EyEx E2

y −
1

2
E

2 EyEz

EzEx EzEy E2

z −
1

2
E

2



 .

T e
ij(r, t) ≡ ε0

{

Ei(r, t)Ej(r, t) −
1

2
δijE

2(r, t)

}

, i, j = x, y, z .(6)

Tm
ij (r, t) ≡

1

µ0

{

Bi(r, t)Bj(r, t) −
1

2
δijB

2(r, t)

}

.(7)
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Tij(r, t) ≡ T e
ij(r, t) + T m

ij (r, t) .(8)

T i ≡





Txi

Tyi

Tzi



(9)

(T e
i T

m
i )

∇ · T i =
∂Txi

∂x
+

∂Tyi

∂y
+

∂Tzi

∂z
(10)
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∇ · T
e
x =

∂T e
xx

∂x
+

∂T e
yx

∂y
+

∂T e
zx

∂z
(11)

= ε0

[

1

2

∂

∂x
(E2

x − E2

y − E2

z ) +
∂

∂y
(EyEx) +

∂

∂z
(EzEx)

]

= ε0

[

Ex

∂Ex

∂x
− Ey

∂Ey

∂x
− Ez

∂Ez

∂x

+
∂Ey

∂y
Ex + Ey

∂Ex

∂y
+

∂Ez

∂z
Ex + Ez

∂Ex

∂z

]

= ε0

[

(∇ · E)Ex −

(

∂Ey

∂x
−

∂Ex

∂y

)

Ey +

(

∂Ex

∂z
−

∂Ez

∂x

)

Ez

]

= ε0 [Ex(∇ · E) − Ey(∇× E)z + Ez(∇× E)y]

= ε0 [Ex(∇ · E) − (E × (∇× E))x] .
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T
e = (T e

x,T
e
y,T

e
z)

∇ · T
e = ε0 [E ∇ · E − E ×∇× E] .(12)

∇ · T
m =

1

µ0

[B ∇ · B − B ×∇× B] = −
1

µ0

B ×∇× B .(13)

(4) (T ≡ T
e + T

m)

d

dt

[

∑

i

mivi(t) +
1

c2

∫

V

dV S(r, t)

]

(14)

=

∫

V

dV ∇ · T (r, t) =

∫

S

T (r, t) · dS .

T (r, t) · dS dS
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d

dt

[

∑

i

mivi(t) +
1

c2

∫

V

dV S(r, t)

]

= 0 .(15)

2 V
([· · ·] 2 )
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