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E��Æ ÔnX ��� Mï� 2



Let there be light
²;>ÄåÆ�Ø

1�Ùµ>^Ä�5Æ § 2.9

>þµ q1 = q2 = q,

t ��µ
q1  �¥þµ ~r1 = a êx
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q1 �Ýµ ~v1 = −v êx
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Ïdµ
q1 3 q2 ?�)�>| ÷ ~r2 − ~r1 ��

q1 3 q2 ?�)�>|µ ~E1 = E( êy − êx)

^|µ ~B1 = 1
c2 ~v1 × ~E1 = − 1

c2 vE êz
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q1 É q2 �åµ ~F1 = ~F e
1 + ~F m

1 = q ~E2 + q~v1 × ~B2 = qE( êx − êy) + qEβ2 êy
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^|µ ~B1 = 1
c2 ~v1 × ~E1 = − 1

c2 vE êz
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E��Æ ÔnX ��� Mï� 4



Let there be light
²;>ÄåÆ�Ø

1�Ùµ>^Ä�5Æ § 2.9

− ∂

∂t

∫
V

gx dτ︸ ︷︷ ︸
V S x ©þ

>^Äþ�~�

=
∫

calS

~n · ~Tx dσ︸ ︷︷ ︸
6Ñ V � x ©þ

>^Äþ

+
∫

V

fx dτ︸ ︷︷ ︸
é V S�>N

�^å� x ©þ

(1)

aq/µ − ∂

∂t

∫
V

gy dτ =
∫
S

~n · ~Ty dσ+
∫

V

fy dτ (2)

− ∂

∂t

∫
V

gz dτ =
∫
S

~n · ~Tz dσ+
∫

V

fz dτ (3)
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êx,y,z ��~¥þ

= − ∂

∂t

∫
V
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êx
∂

∂t

∫
V

gx dτ + êy
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∂

∂t

∫
V

gz dτ

]
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[gx êx + gy êy + gz êz] dτ = − ∂

∂t

∫
V

~g dτ ~g �Äþ�Ý¥þ

m>1���Ú =
[

êx

∫
V

fx dτ + êy
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êx

∫
V

fx dτ + êy
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êx,y,z ��~¥þ

=
∫

V
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|^ êx,y,z �~¥þ§m>1���Ú =
∫
S

[
(~n · ~Tx)︸ ︷︷ ︸

Iþ
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m>1���Ú =
∫

V

~f dτ å�Ý¥þ£ü NÈÉå¤µ ~f = fx êx + fy êy + fz êz
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êz

]
dσ
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m>1���Ú =
∫

V

~f dτ å�Ý¥þ£ü NÈÉå¤µ ~f = fx êx + fy êy + fz êz

|^ êx,y,z �~¥þ§m>1���Ú =
∫
S

[
(~n · ~Tx)︸ ︷︷ ︸

Iþ
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(E)
i =é ~E ¦�
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= ∇( ~D · ~E)− êiEj∂i(εjkEk)
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(E)
i =é ~E ¦�
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= ∇( ~D · ~E)− êiεjkEj(∂iEk) ��¦ÚeI j ↔ k
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(E)
i (DjEj) |^∇E = êi∂
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= ∇( ~D · ~E)− êiεkjEk(∂iEj) XJ εkj = εjk
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(E)
i =é ~E ¦�
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Dj = εjkEk,

DjEj = ~D · ~E, ∇ = êi∂i
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êz

ÏL Maxwell AåÜþ ~Fz=d
2

=
∮
S

~n ·
↔
T stressdσ = −

∮
S

~n ·
↔
T dσ

�4Ü¡�ã¥�Ú¡ ~Fz=d
2

= −(− êz) ·
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E��Æ ÔnX ��� Mï� 26



Let there be light
²;>ÄåÆ�Ø

1�Ùµ>^Ä�5Æ § 2.9

�mÄþ ~Pem = −ε0EBAl êy = −ε0
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Bl êy = −IBl êy = ~F = ��Éå

��UÑ U =
∫ ∞

t=0

~j · ~E (al) dt a ����¡È§aj = I = −
dQ

dt
§E =

Q

Aε0

= l

∫ ∞

0

−dQ

dt

Q

Aε0
dt = − l

Aε0

∫ 0

Q

QdQ =
lQ2

2Aε0
=

1
2
ε0 ~E2Al

��Éå!UÑ�Äþ!Uþ6�½5Ônã�

Ø�>�§Xã���mü>÷− êy ���U6!Äþ6��"
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Bl êy = −IBl êy = ~F = ��Éå

��UÑ U =
∫ ∞

t=0

~j · ~E (al) dt a ����¡È§aj = I = −
dQ

dt
§E =

Q

Aε0

= l

∫ ∞

0

−dQ

dt

Q

Aε0
dt = − l

Aε0

∫ 0

Q

QdQ =
lQ2

2Aε0
=

1
2
ε0 ~E2Al

��Éå!UÑ�Äþ!Uþ6�½5Ônã�

Ø�>�§Xã���mü>÷− êy ���U6!Äþ6��"
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�>�§�>>6-u^|§¦��m> Br > B§�> Bl < B
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��m>÷− êy ���U6�u�>U6§=Ü©U6����Ñ
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E��Æ ÔnX ��� Mï� 27



Let there be light
²;>ÄåÆ�Ø

1�Ùµ>^Ä�5Æ § 2.9

� B �ú~��§
du Faraday �A§3>Nìþe�-u
a)>|"

�Xã4Ü£´§k

∮
L

~E · d~l = Erl + Eub− Ell − Edb
Eu, Ed, El, Er �ã¥£´þe�m>�>|
Ø�Ä>.�A§dé¡5� El = Er = 0

£Á©Û��o¤Eu Ú Ed ÷− êy ����
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E��Æ ÔnX ��� Mï� 27



Let there be light
²;>ÄåÆ�Ø

1�Ùµ>^Ä�5Æ § 2.9

� B �ú~��§
du Faraday �A§3>Nìþe�-u
a)>|"

�Xã4Ü£´§k

∮
L

~E · d~l = Erl + Eub− Ell − Edb
Eu, Ed, El, Er �ã¥£´þe�m>�>|
Ø�Ä>.�A§dé¡5� El = Er = 0

£Á©Û��o¤Eu Ú Ed ÷− êy ����

= (Eu − Ed)b = −dΦ
dt

= −b l
dB

dt

Eu − Ed = −l
dB

dt
Eu Ú Ed >Nìþe�þ�aA>|

þe�¤É�Üåµ

~F = [σqAEu + (−σq)AEd](− êy) = σqA l
dB

dt
êy

þe�¤É�Àþµ

~I =
∫ ∞

0

~F dt = σqAl êy

∫ ∞

0

dB

dt
dt = σqAl

[
B
∣∣
t=∞−B

∣∣
t=0

]
êy = −σqAlB êy

= −ε0EBAl êy = ~Pem
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