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3.1

3.1.1

• i(r, t)
( )

( )
C/(m2s)

∆t ∆S( n)
∆S

n
i

S

∆q = i · n∆S∆t = i · ∆S∆t .(1)

ρ
v

∆q = ρv · n∆S∆t = ρv · ∆S∆t .(2) ∆S

v∆t
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i = ρv .(3)

( ) q
v n

i = nqv .(4)

• I : S

I =

∫

S

i · n dS =

∫

S

i · dS .(5)

dS

n

i

: A( ) = C/s
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3.1.2

•

S

I =

∫

S

i · dS .(6)

S V

V

S i

i
i

i

i

∫

S

i · dS = −
dQint

dt
, Qint =

∫

V

ρ dV .(7)

∫

V

∇ · i dV +
d

dt

∫

V

ρ dV = 0 .(8)
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V d/dt :
∫

V

(

∇ · i +
∂ρ

∂t

)

dV = 0 .(9)

V

∇ · i(r, t) +
∂

∂t
ρ(r, t) = 0 .(10)

•

i = i(r) ρ = ρ(r) (t ) (10)

∇ · i = 0 .(11)
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3.1.3 (Ohm)

•

i(r) = σE(r) , σ : ( )(12)

( )

• S ( )
l 2 V = φ1 − φ2

I

E =
V

l
.(13)

i =
I

S
.(14)

l
I

s

φ

1

2

φ
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i = σE
I

S
= σ

V

l
.(15)

R ≡
l

σS
:(16)

V = RI , .(17)

R : V/A ≡ Ω( ) σ : 1/(Ωm)
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• ( )

(ρ dV dr )

dW = ρ dV E(r) · dr .(18)

(ρ dr/dt = ρv = i)

ρdV
E

r

O

P =
d

dt

∫

V

dW =

∫

E(r) · ρ
dr

dt
dV =

∫

E(r) · i(r) dV .(19)

P =

∫

i
2(r)

σ
dV
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◦

E S

∫

S

i dS dr = n iS dr = Indr = Idr .(20)

Idr(= Indr)

ni=in
S

I=iSdr

P = I

∫

E(r) · dr = IV = I2R =
V 2

R
(W : ) .(21)

( )
( )
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