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φ = ∂tχ

E = −∇φ − ∂t A

A = −∇χ

B = ∇×A
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U = q (φ − A · v)

F = q [E + v×B]

d
dt
∂U
∂vk
−
∂U
∂xk = Fk

U = q
dχ
dt

-

U(t, x, v) = q
[
φ(t, x) − Ah(t, x) vh(t)

]
Fk =

d
dt
∂U
∂vk
−
∂U
∂xk

= q
[
−

d
dt

Ak −
(
∂kφ − ∂kAh v

h
)]

= q
[
−∂tAk − ∂hAk v

h − ∂kφ + ∂kAh v
h
]

= q
[
Ek + (∂kAh − ∂hAk) vh

]
= q

[
Ek + Bkh v

h
]

F = q [E + v×B]

Particle motion in the electromagnetic field
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