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İ
2(t0)l2

6⇡✏0c3

l

l l ⌧ c⌧

E(r, t) =

✓
l sin ✓

dI

dt

◆
1

4⇡✏0c2
e✓



z P

dEP (M) =
dz sin ✓ dI

dt0 (z)

4⇡✏0c2r
e✓ E(M, t

0) =

ˆ
P
dEP (M)

I(z, t)

I(z, t) =
1

(2⇡)1/2

ˆ
d!ej!tI(z,!)

! I I(z,!) = f(z)

I(t, z) = f(z)ej!t I(t0, z) = f(z)ej!(t�r/c)

E(M, t) =

ˆ
dz sin ✓f(z)j!ej!(t�PM/c)

4⇡✏0c2r
e✓

||PM|| = ||PO+OM|| = ||OM||

✓
1� 2

OM.OP

||OM||2

◆1/2

' r � z cos ✓

E(M, t) =
j!

4⇡✏0c2r

ˆ
dz sin ✓f(z)ej!(t�

r
c+

z
c cos ✓)

e✓

E(M, t) =
j!

4⇡✏0c2r
e
j!t0
ˆ

dz sin ✓f(z)ej!
z
c cos ✓)

e✓ =
j!

4⇡✏0c2r
e
j!t0
ˆ

dz sin ✓f(z)ej
2⇡z
� cos ✓)

e✓

| {z }
F(✓)

f(z)

f(z) = I0 sin

✓
2⇡

�

✓
|z|�

l

2

◆◆

� !

F(✓) =
cos
�
⇡l
�

�
� cos

�
⇡l
� cos ✓

�

sin2 ✓

l = n�
2

•

•

•



E

•

• Z

r = PN P

N

Zmer̈ = FP/N + (�Ze)E (r, t) + F + f

•

� a

E (r, t) = E (t)
• ||qv^B|| ⌧

||qE|| ||E|| ' v'||B|| v'

v'

•

f = �
me
⌧ v !

2

•

FP/N = �FN/P

FN/P = E (P ).Ze

E =
⇢r

3✏0
er =

�Zer

4⇡a3✏0
er =

�ZeNP

4⇡a3✏0

FP/N = �FN/P =
(Ze)2NP

4⇡a3✏0
=

�(Ze)2PN

4⇡a3✏0

Zmer̈ = �
Z

2
e
2

4⇡a3✏0
r� ZeE �

Zme

⌧
ṙ
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