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4.1

4.1.1 (Faraday)

• C S

C

1
φem(t)

C

E

B

n

S

E

φem(t) =

∮

C

[E(r, t) + v(r, t) × B(r, t)] · dr .(1)

V ( )
1) C φem

2) 1
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• B S S C
Φ(t)

Φ(t) =

∫

S

B(r, t) · dS

(

=

∫

S

B · ndS

)

.(2)

Wb( )
◦ Φ(t) S

Φ1 =

∫

S1

B · dS1 , Φ2 =

∫

S2

B · dS2 .

Φ1−Φ2 =

∫

S1

B·n1dS1−

∫

S2

B·n2dS2

n2 = −n

S

C

n

B1

2

=

n

n

S

S S S
1

1

2

2+
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Φ1 − Φ2 =

∫

S1

B · ndS +

∫

S2

B · ndS(3)

=

∫

S

B · ndS =

∫

S

B · dS

⇐ ( )

=

∫

V

∇ · B dV V : S

⇐ (3. 3. 23)
= 0 .

• ( )

φem = −
dΦ

dt
(4)
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◦

◦ dΦ

dt
> 0 φem < 0 C

I B B ·n <
0 Φ dΦ

dt
< 0

φem Φ

C
E

I

S
n

E

⇒ φem

(Lentz)

• dΦ

dt
2

dΦ

dt
=

d

dt

∫

S

B · dS =

∫

S

∂B

∂t
· dS +

d

dt

(
∫

S

dS

)

· B(5)

≡
dΦB

dt
+

dΦC

dt
.

1 B t
2 B t
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4.1.2

(5) 2 C v

(v )
dt C dr

vdt dS =
(vdt) × dr

t

C(t)

C(t+dt)

t+dt
dSvdt

dr

dΦC = B · dS = B · (v × dr)dt .(6)

dΦC

dt
=

∮

C

B · (v × dr) = −

∮

C

(v × B) · dr .(7)

(4)

φem = −
dΦC

dt
=

∮

C

(v × B) · dr .(8)
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(1) 2
⇒

• 1:

Φ = Bwl .(9)

(4) v = dl/dt

w

l

v

B

φem = −
dΦ

dt
= −Bw

dl

dt
= −Bwv . ( )(10)

φem =

∮

C

(v × B) · dr = −wvB .(11)
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• 2:

B

θ
S

Φ = BS cos θ .(12) R

B
n

θ

ω (θ = ωt)

φem = ωBS sin ωt .(13)

R V = φem

V = ωBS sin ωt = V0 sinωt , V0 ≡ ωBS ,(14)

I =
V

R
=

V0

R
sin ωt . ( )(15)
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◦ F v

n

dP = F · v ndr = nv F · dr . (v ‖ dr)(16)

(q )

P =

∮

nv F · dr =

∮

qnv
F

q
· dr = I

∮

F

q
· dr(17)

= Iφem = IV . cf. (3. 1. 21)

◦

dW

dt
= × = ISB sin ωt × ω = IV .(18)

(§§3. 2. 2 1 )
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4.1.3

(4) (1) (5) (7)
∮

C

(E + v × B) · dr = −
dΦ

dt
= −

dΦB

dt
−

dΦC

dt
(19)

= −

∫

S

∂B

∂t
· dS +

∮

C

(v × B) · dr

∮

C

E · dr = −

∫

S

∂B

∂t
· dS(20)

∫

S

(

∇× E +
∂B

∂t

)

· dS = 0(21)

� � ��

I(2003), Sec. 4. 1 – p.10/15



Minoru TANAKA (Osaka Univ.)

S

∇× E(r, t) +
∂

∂t
B(r, t) = 0(22)

◦
◦ ∂B/∂t = 0 ∇× E = 0

∇× E +
∂

∂t
B = 0(23)

F = q(E + v × B)
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4.1.4

• ((3. 1. 19))

dW

dt
= P =

∫

E · i dV(24)

(3. 3. 44)

P =
1

µ0

∫

E · (∇× B) dV

( : ∇ · (A × B) = B · (∇× A) − A · (∇× B))

= −
1

µ0

∫

∇ · (E × B) dV +
1

µ0

∫

B · (∇× E) dV

(22)

� � ��

I(2003), Sec. 4. 1 – p.12/15



Minoru TANAKA (Osaka Univ.)

P = −
1

µ0

∫

(E × B) · dS −
1

µ0

∫

B ·
∂B

∂t
dV

1
(|E × B| ∼ 1/r4)

P = −
1

2µ0

∫

∂

∂t
(B2) dV = −

1

2µ0

d

dt

∫

B
2 dV .(25)

Um

dW = Pdt = −dUm(26)

Um =
1

2µ0

∫

B
2 dV ( ) cf. (2. 9. 9)(27)
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um =
1

2µ0

B
2 . cf. (2. 9. 10)(28)

•

∇ · (A × B) = B
2 − A · (∇× B) = B

2 − µ0A · i(29)

Um =
1

2µ0

∫

∇ · (A × B) dV +
1

2

∫

A · i dV .

1 ( )

Um =
1

2

∫

A · i dV . cf. (2. 9. 5)(30)

( )
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• 1:
§§3. 3. 4 2

B =

{

µ0nI ẑ , R < a ( )
0 , R > a ( )

(31)

U =
1

2µ0

∫

B
2 dV =

1

2µ0

µ2

0
n2I2 πa2 =

µ0

2
πa2n2I2 .(32)

1
a

( n .)

� � ��

I(2003), Sec. 4. 1 – p.15/15


	¥Õ¥¡¥é¥Ç¡¼¤ÎÅÅ¼§Í¶Æ³¤ÎË¡Â§
	¥Õ¥¡¥é¥Ç¡¼(Faraday)¤ÎË¡Â§
	ÀÅ¼§¾ìÃæ¤ò±¿Æ°¤¹¤ë²óÏ©
	ÈùÊ¬·Á¤Î¥Õ¥¡¥é¥Ç¡¼¤ÎË¡Â§
	¼§¾ì¤Î¥¨¥Í¥ë¥®¡¼

	
	subsection {¥Õ¥¡¥é¥Ç¡¼¤ÎÅÅ¼§Í¶Æ³¤ÎË¡Â§}
	
	
	
	
	
	
	
	
	
	
	
	
	

