
∂µT
µν = −1

c
F νλJλ

∂λM
µνλ = ∂λ(x

µT νλ − xνTµλ)

= δµλT
νλ − δνλT

µλ + xµ∂λT
νλ − xν∂λT

µλ

= xµ∂λT
νλ − xν∂λT

µλ

=
1

c
(xνFµαJα − xµF νρJρ)

=
1

c
(xµJαF

αν − xνJαF
αµ)

Mµνλ

∂λM
µνλ = 0

jν

∂0

ˆ
d3xj0 = −

ˆ
d3x∂ij

i = −
ˆ

d�S ·�j = 0



Q0 =

ˆ
d3xj0

Mµνλ

Qµν
M =

ˆ
d3xMµν0

Tµν

Tµν =





E 1
cSx

1
cSy

1
cSz

1
cSx −σxx −σxy −σxz
1
cSy −σyx −σyy −σyz
1
cSz −σzx −σzy −σzz





E =
1

8π
(| �E|2 + | �B|2)

�S =
c

4π
�E × �B

M ij0 = xiT j0 − xjT i0 =
1

c
(xiSj − Sixj) =

1

c
�ijk(�x× �S)k

Qij
M =

ˆ
d3x

1

c
�ijk(�x× �S)k

M i00 = xiT 00 − x0T i0 = xiE − x0 1

c
Si = (�xE − t

c
�S)i

Qi0
M =

ˆ
d3x(�xE − t

c
�S)i



x = 0 x = 0

�E = −4πσ �ex(0 < x < a)

ϕ(x) = −4πσx(0 < x < a)

2πσ �ex

�f = −2πσ2 �ex

T ij =




− 1

8π | �E|2 0 0
0 1

8π | �E|2 0
0 0 1

8π | �E|2



 =




−2πσ2 0 0

0 2πσ2 0
0 0 2πσ2





x = a/2

�f = f i/A · �ei =
ˆ

dAjT ij · �ei = −2πσ2 �ex

(0, L/2, 0) (0,−L/2, 0)
(x, 0, 0)



�E(x) =
2q|x|

(x2 + L2

4 )3/2
�ex

(x, 0, 0)

T ij =




− 1

8π | �E|2 0 0
0 1

8π | �E|2 0
0 0 1

8π | �E|2



 =





− 1
8π · 4q2x2

(x2+L2
4 )3

0 0

0 1
8π · 4q2x2

(x2+L2
4 )3

0

0 0 1
8π · 4q2x2

(x2+L2
4 )3





�f = f i�ei = (

ˆ
dAjT ij)�ei = �ey

ˆ ∞

0

1

8π

4q2r2

(r2 + L2

4 )3
2πrdr = �ey

q2

2

ˆ ∞

0

r2

(r2 + r2

4 )
3
dr2 =

q2

L2
�ey

S =

ˆ
dtd3rψ∗(i∂t+

�2∇2

m2
−V )ψ =

ˆ
dtd3r(ψ∗i∂tψ−

�2
m2

(�∇ψ∗)·(�∇ψ)−V ψ∗ψ) =

ˆ
dtd3rL̃

δL̃
δψ∗ = i∂tψ − V ψ

δL̃
δ(∂tψ∗)

= 0

∂i
δL̃

δ(∂iψ∗)
= −�2∇2

m2
ψ

ψ∗



δL̃
δψ∗ = ∂i

δL̃
δ(∂iψ∗)

i∂tψ = −�2∇2

m2
ψ + V ψ

�B =
µ0I

2πr
�eφ

E =
B2

2µ0
=

µ0

8π

I2

r2

El =
ˆ R

δ/2
E · 2πrdr

=
µ0I2

4π

ˆ R

δ/2

dr

r

=
µ0I2

4π
ln(

2R

δ
)

El =
µ0I2

4π
ln(

2R

δ
)

= (10−7) · (20)2 · ln( 2 · 5
10× 10−3

)J/m

= 2.7× 10−4J/m


