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Lorentz transformation of the electric field 3/9

E(S0) =
σ0

ε0
, l =

l0

γ0
⇒ σS) = γ0σ

(S0)
0 ⇒ E

(S)
⊥ = γ0E

(S0)
⊥ , γ0 =

(
1−

v2
0

c2

)− 1
2
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Lorentz transformation of the electric field,
cont. 4/9

E(S0) =
σ0

ε0
, E does not depend on d ⇒ E

(S)
‖ = E

(S0)
‖
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Lorentz transformation of E and B 5/9

Start from frame S:

E
(S)
y =

σ(S)

ε0
, K

(S)
± = ∓σ(S)v0êx ⇒ B

(S)
z = −µ0σ

(S)v0

In the frame S̄ moving with speed v relative to S

E
(S̄)
y =

σ(S̄)

ε0
, B

(S̄)
z = −µ0σ

(S̄)v̄

where v̄ = v+v0
1+

vv0
c2

= velocity of S̄ with respect to S0 and

σ̄S̄ = γ̄σ0, γ̄ = 1/
√

1− v̄2/c2
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Lorentz transformation of E and B, cont. 6/9

Transformation of Ey and Bz

Ē
(S̄)
y =

σ̄(S̄)

ε0
=
γ̄σ

(S0)
0

ε0
=

γ̄

γ0

σ(S)

ε0
, B

(S̄)
z = −µ0σ

(S̄)v̄ = −
γ̄

γ0
µ0σ

(S)v̄

γ̄

γ0
=

√
1− v2

0/c
2√

1− v̄2/c2
= γ

(
1 +

vv0

c2

)
, γ = 1/

√
1− v2/c2

Ē
(S̄)
y = γ

(
1 +

vv0

c2

)σ(S)

ε0
= γ

(
E

(S)
y − vB(S)

z

)
,

B̄
(S̄)
z = −γ

(
1 +

vv0

c2

)
µ0σ

(S)
( v + v0

1 + vv0/c2

)
= γ

(
B

(S)
z − vE(S)

y

)
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Lorentz transformation of E and B, cont. 7/9

Transformation of Ez and By

E
(S)
z =

σ(S)

ε0
, B

(S)
y = µ0σ

(S)v0

Same derivation with Ey → Ez and Bz → −By

⇒ Ē
(S̄)
z = γ(E

(S)
z + vB

(S)
y ), B̄

(S̄)
y = γ

(
B

(S)
y +

v

c2
B

(S)
y

)
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Lorentz Transformation of E and B, cont. 8/9

Transformation of Ex and Bx

First, we know that E(S̄)
x = E

(S)
x

Too get transformation of Bx, consider a moving solenoid

In S frame: B
(S)
x = µ0n(S)I(S)

In S̄ frame:

n̄(S̄) = γn(S), I =
dQ

dt
⇒ Ī(S̄) =

1

γ
I(S) ⇒ B̄

(S̄)
x = B

(S)
x
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Lorentz transformation of fields 9/9

General formulas

E′x = Ex E′y = γ(Ey − vBz) E′z = γ(Ez + vBy)

B′x = Bx B′y = γ
(
By + v

c2
Ez

)
B′z = γ

(
Bz −

v

c2
Ey

)
If B = 0 in S

B′ =
γv

c2
(Ez êy − Ey êz) =

v

c2
(E′z êy − E′y êz) ⇔ B′ = −

1

c2
v ×E

If E = 0 in S

E′ = −γv(Bz êy −By êz) = −v(B′z êy −B′y êz) ⇔ E′ = v ×E
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