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Canonical momentum:

p =
∂L

∂v
= mv + eA (1)

Hamiltonian:

H(x,p) = p · v − L (2)

= (mv + eA) · v − 1

2
mv2 + eϕ− ev ·A (3)

=
1

2
mv2 + eϕ (4)

=
1

2m
(p− eA)2 + eϕ (5)

Hamilton’s equations:

ẋ =
∂H

∂p
=

1

m
(p− eA) (6)

ṗ = −∂H

∂x
(7)

=
1

m
[(p− eA) e · ∇]A+

1

m
e (p− eA)× (∇×A)− e∇ϕ (8)

= e [(v · ∇)A+ v ×B]− e∇ϕ (9)

Also:

ṗ = mẍ+ eȦ = mẍ+ e

[
∂A

∂t
+ (ẋ · ∇)A

]
(10)

Altogether:

mẍ = e[−∇ϕ− ∂A

∂t
+ v ×B] = e (E+ v ×B) (11)
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