
Minoru TANAKA (Osaka Univ.)

5.2

5.2.1

ρ = 0 i = 0 ( )

• x y z
E(r, t) = E(z, t) B(r, t) = B(z, t)

(5. 1. 20) (ρ = 0 )

∂Ez

∂z
= 0 .(1)

(5. 1. 21)
∂Bz

∂z
= 0 .(2)
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(5. 1. 22)

− ∂Ey

∂z
= −∂Bx

∂t
,(3)

∂Ex

∂z
= −∂By

∂t
,(4)

0 = −∂Bz

∂t
.(5)

(5. 1. 23) (i = 0 ) µ0ε0 = 1/v2

− ∂By

∂z
=

1

v2

∂Ex

∂t
,(6)

∂Bx

∂z
=

1

v2

∂Ey

∂t
,(7)

0 =
1

v2

∂Ez

∂t
.(8)
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(1) (8) Ez (
)

Ez = 0(9)

(2) (5)

Bz = 0 .(10)

Ex Ey Ey = 0

(3) (7)

∂Bx

∂t
=

∂Bx

∂z
= 0 .(11)

Bx = 0(12)
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(3) (7)

∂Ey

∂t
=

∂Ey

∂z
= 0 . ⇐ Ey = 0 ( )

E = (Ex(z, t), 0, 0) , B = (0, By(z, t), 0) .

E

B

x

y
z

(4) (6) ∂
∂z

(4) + ∂
∂t

(6)

∂2

∂z2
Ex −

1

v2

∂2

∂t2
Ex = 0 .(13)

1

v2

∂
∂t

(4) + ∂
∂z

(6)

∂2

∂z2
By −

1

v2

∂2

∂t2
By = 0 .(14)

(13) (14) (1 )
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(13)

Ex(z, t) = f(z − vt) + g(z + vt) , f, g : .(15)

∂2Ex

∂z2
= f ′′ + g′′ ,

∂2Ex

∂t2
= (−v)2f ′′ + (+v)2g′′ = v2(f ′′ + g′′) .

(4) (6)

∂By

∂t
= −f ′ − g′ ,

∂By

∂z
=

1

v
(f ′ − g′) .(16)

By(z, t) =
1

v
[f(z − vt) − g(z + vt)] + .(17)

( )
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•
◦ f(z − vt): v z

0
z

vt

tt=0

z-vt=0

◦ g(z + vt): v z

◦ t z ± vt x-y ⇒
◦ ρ = 0 i = 0
⇒
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5.2.2

•
(2. 1. 4) (3. 3. 2)

v =
1√
ε0µ0

=

√

4π10−7c2
1

4π10−7
= c , ( ) .(18)

⇒
•

(15) (17) f z E x B y
g z E x B y

(f, g > 0 )
E B

⇒
E B E × B ∝
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• ( )
∂
∂t

(5. 1. 23) (5. 1. 22) (i = 0 )

∇× (−∇× E) =
1

c2

∂2
E

∂t2
.(19)

∇×∇× E = ∇(∇ · E) − ∆E(20)

(5. 1. 20)(ρ = 0)
(

∆ − 1

c2

∂2

∂t2

)

E(r, t) = 0 . (3 )(21)

∂
∂t

(5. 1. 22) (5. 1. 23)

(

∆ − 1

c2

∂2

∂t2

)

B(r, t) = 0 . (3 )(22)
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(21)

E(r, t) = E0 sin(ωt − k · r) , E0 ,k :(23)

Ê0 k

k

(21) (23)

k
2 − ω2

c2
= 0 ⇒ k ≡ |k| =

ω

c
(ω = ck) .(24)

(5. 1. 20) (ρ = 0)

k · E0 = 0 , k( ) ( )(25)

(5. 1. 22) (23)

∂B

∂t
= k × E0 cos(ωt − k · r) .(26)
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( (22) )

B(r, t) =
k

ω
× E(r, t) E k ( )(27)

B

E

k

B

E

k

k · E = 0

E × B =
1

ω
E × (k × E) =

1

ω
[E2

k − (E · k)E] =
E

2

ω
k .(28)
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