
4/5/18 Lecture outline

⋆ Reading: Zwiebach chapters 1 and 2.

• Last time: Curious history of string theory: originally developed to explain observed

spectrum of mesons, e.g. M2 = (J + a)/α′.

But found that open strings always give massless spin 1 objects, and closed strings

always give massless spin 2 objects. Mesons aren’t like that. But massless spin 1 objects

could be the photon and gluons – good! And massless spin 2 object could be the graviton –

even better – Michael Green (Cambridge) and John Schwarz (Caltech) recycled the slightly

off theory of mesons into a theory of quantum gravity! Mesons are described instead by

QCD. (Still interest in QCD effective string theory.)

• Metric convention (mostly plus convention...sigh..) xµ = (ct, x, y, z), xµ =

(−ct, x, y, z) = ηµνx
µ, ηµνη

νλ = δλµ. Define ds2 = −dxµdxµ. For 4-vectors aµ = (a0,~a)

then aµ = (a0 = −a0,~a). Define 4-vector dot products a · b ≡ aµbνηµν = aµbµ = aνbν =

−a0b0 + ~a ·~b. So ds2 ≡ −dx · dx in this convention (sigh...).

• ∆s2 for time-like, light-like, space-like separated events. Statement of causality

principle: cause’s effects only in the time-like future.

• Statement of relativity principle: physics is indistinguishable among all inertial

frames. If one frame is inertial, the other inertial frames have linearly related coordinates,

xµ
′

= Λµ′

νx
ν , where the transformations must preserve ds2 = 0; that is enough to show

that they preserve any ds2 = ds′2; that is enough to show that they preserve all 4-scalar

products. So a · b = a′ · b′. This restricts the Lorentz transformations: if we write ηµν

as a matrix, the Lorentz transformations satisfy η = ΛT ηΛ. The Lorentz transformations

consist of rotations and boosts (for a total of 3+3=6 independent generators). For the case

of boosts, e.g.

(
ct′

x′

)
=

(
γ −γβ

−γβ γ

)(
ct
x

)
, with γ = (1− v2/c2)−1/2 and β = v/c.

Aside on the Lorentz transformations (question from lecture): writing transformation

in matrix notation, need to account for upper vs lower indices, e.g. ηµν vs ηµν .

• Light cone coordinates: x± = 1√
2
(x0 ± x1). The bad: spoils rotational symmetry.

The good: will make it easier to quantize string theory (avoids having to discuss here

more advanced alternatives, which do not require going to the light cone coordinates).

−ds2 = −2dx+dx− + dx22 + dx23 = −η̂µνdx
µdxν . a± = −a∓.

• pµ = (E/c, px, py, pz), with pµp
µ = −m2c2. pµ transforms as a Lorentz 4-vector,

pµ
′

= Λµ′

ν p
ν . Proper time: ds2 = c2dt2p = c2dt2(1 − β2). uµ = cdxµ/ds = dxµ/dtp =

γ(c, ~v), and uµu
µ = −c2. A massive point particle has pµ = muµ. Massless particles, like

the photon, have pµ with pµpµ = 0.
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• Quantum mechanics: replace pµ = (H/c, ~p) → −ih̄∂µ. Free particle wavefunction

ψ ∼ exp(ip · x/h̄); pµx
µ
≡ p · x is Lorentz invariant.
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