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S
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2
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1

S
C2

Φ21 =

∫

S2

B1 · dS2 =

∫

S2

(∇× A1) · dS2 =

∮

C2

A1(r2) · dr2(1)

⇐ (3. 3. 22)

=

∮

C2

(

µ0I1

4π

∮

C1

dr1

|r2 − r1|

)

· dr2

=
µ0

4π

(
∮

C2

∮

C1

dr1 · dr2

|r2 − r1|

)

I1 ≡ M21I1
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M21 =
µ0

4π

∮

C2

∮

C1

dr1 · dr2

|r2 − r1|
,(2)

( )
2

C2 I2 C1 (I2

B2 A2 )

Φ12 =

∫

S1

B2 · dS1 =

∫

S1

(∇× A2) · dS1 =

∮

C1

A2(r1) · dr1(3)

=

∮

C1

(

µ0I2

4π

∮

C2

dr2

|r1 − r2|

)

· dr1

=
µ0

4π

(
∮

C1

∮

C2

dr2 · dr1

|r1 − r2|

)

I2 = M12I2

M12 =
µ0

4π

∮

C1

∮

C2

dr2 · dr1

|r1 − r2|
= M21(≡ M) .(4)
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• 1:
S N1

l I1

N2

B = µ0

N1

l
I1 .(5)

BS
N2

Φ21 = N2BS = µ0N1N2

S

l
I1 .(6)

(C2)

(C1)
Bcoil

solenoid

M21 = µ0N1N2

S

l
.(7)

M12 (4) M12 = M21 =

µ0N1N2S/l
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•

1
Wb

A
= 1

V s

A
≡ 1H ( ) .(8)

• I1

Φ21(t) = MI1(t) .(9)

C2

φem,21 = −
dΦ21

dt
= −M

dI1

dt
.(10)

⇒ C2 ( )

�� ��

I(2003), Sec. 4. 2 – p.4/14



Minoru TANAKA (Osaka Univ.)

4.2.2

• I1 C1 I1

Φ11 = M11I1 = L1I1 , L1(≡ M11) :(11)

Φ22 = M22I2 = L2I2 .(12)

• 1

Φ = LI . ( L > 0)(13)

φem = −L
dI

dt
.(14)

( )
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• 1:

B = µ0nI . (3. 3. 58)(15)

S L

L =
Φ

I
=

nBS

I
= µ0n

2S .(16)

) (2) C1 = C2

i

• 2: RL
(14)

φ − L
dI

dt
.

L
R

φ
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RI(t) = φ − L
dI

dt
.(17)

I ′(t) +
R

L
I(t) =

φ

L
.(18)

φ/L = 0 ae−Rt/L b

I(t) = ae−
R

L
t + b .(19)

(18)

R

L
b =

φ

L
⇒ b =

φ

R
⇒ I(t) = ae−

R

L
t +

φ

R
.(20)
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I(0) = 0 a = −φ/R

I(t) =
φ

R

(

1 − e−
R

L
t
)

.(21)

τ ≡ L/R

0
t

φ/R

I(t)

I(0) = I0 φ = 0
(20)

I(t) = I0e
−

R

L
t = I0e

−
t

τ .(22)

t

I(t)
I0
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• 3: ( )
§§4. 2. 1 1 (C1) φ1

φ1 − L1

dI1

dt
= 0 . ( )(23)

(C2) φem,21 (10)

φem,21 = −M
dI1

dt
.

φem,21

φ1

= −
M

L1

.(24)

(7) (16)

φem,21

φ1

= −
µ0N1N2S/l

µ0(N1/l)2Sl
= −

N2

N1

.(25)
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C2

( )
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4.2.3

• 1
C I (4. 1. 30) I

C

S

U =
1

2

∫

i(r) · A(r) dV =
1

2
I

∮

C

A(r) · dr(26)

(⇐ )

=
1

2
I

∫

S

∇× A · dS =
1

2
I

∫

S

B · dS

=
1

2
IΦ =

1

2
LI2 .

(Φ C (13) )
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• 2
I

C
1

21 C
I2

U =
1

2

∫

i(r) · A(r) dV(27)

=
1

2
I1

∮

C1

A(r1) · dr1 +
1

2
I2

∮

C2

A(r2) · dr2

(C1 ) (C2 )

=
1

2
I1(Φ11 + Φ12) +

1

2
I2(Φ21 + Φ22)

(Φ1j,Φ2j : Ij )

=
1

2
I1(L1I1 + MI2) +

1

2
I2(MI1 + L2I2)

=
1

2
L1I

2

1
+

1

2
L2I

2

2
+ MI1I2 .
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• 1:

U =
1

2
L I2 =

1

2
µ0n

2SI2 . cf. (4. 1. 32)(28)

( (4. 1. 32) L )

•
2

U =
1

2
L1I

2

1
+

1

2
L2I

2

2
+ MI1I2(29)

=
1

2
L1

(

I2

1
+ 2

M

L1

I1I2

)

+
1

2
L2I

2

2

=
1

2
L1

(

I1 +
M

L1

I2

)2

+
1

2
L2I

2

2
−

1

2
L1

M 2

L2

1

I2

2

=
1

2
L1

(

I1 +
M

L1

I2

)2

+
1

2

(

L2 −
M 2

L1

)

I2

2
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(> 0)
U > 0

L2 −
M 2

L1

> 0 =⇒ L1L2 > M 2 . (L1 > 0)(30)

M = k
√

L1L2 , k < 1 ( )(31)
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