
3/31/16 Lecture 2 outline

• Review: xµ
′

= Λµ
′

ν
xν and inverse. ds2 = ds′2 and metric. ds2 = c2dτ2 for timelike.

4-vectors more generally. Examples: pµ, kµ, uµ = dxµ/dτ , jµ, Aµ = (φ, ~A). Upper and

lower indices, and 4-dot products, example of ∂µ and conservation ∂µj
µ = 0. Invariance

of d4x and j0d3x. (Some asides on gµν in GR vs ηµν here.)

• S = −mc2
∫
dτ and L for relativistic particle. Relativistic charged particle S ⊃

−(q/c)
∫
Aµdx

µ and term in L ⊃ −qφ + (q/c)~v · ~A. Canonical momentum ~p = ∂L/∂~v =

γm~v − q ~A/c and H = ~p · ~v − L = γmc2 − qφ (magnetic fields do no work). But H should

be expressed in terms of ~p.

• QM: replace p̂µ → ih̄∂µ in position space. Consider the S.E.

• Punchline: in non-rel limit get ih̄D0ψ = (h̄2/2m) ~D2ψ, where Dµ
≡ (D0, ~D) =

∂µ − (q/ih̄c)Aµ.
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