5/7/12 Lecture outline

* Reading: Zwiebach chapter 8, 9.

e Next topic: symmetries and conservation laws. Recall charge conservation 9,,j* = 0,
which is related to gauge invariance, 6L = 0 under 64, = 0J,f. Recall Noether’s
theorem for L(q,q), if continuous symmetry d¢; then p;dg; is conserved. For S =
[de° .. dEFL(pY, Dng®), a symmetry ¢® implies a conserved current j¢ = %&b”.

For Lyg, get conservation of ji = Pj (where a = o,7) is the conserved Noether
current for spacetime translation invariance, 0 X* = e¢*. The string equations of motion
are equivalent to the worldsheet conservation of this current: 9,j;; = 0. The spacetime
momentum of the string is the corresponding conserved charge: p* = [doPI. (More
generally, it is [ (P} do —P7dr).) This is conserved for the closed string or open Neumann
BCs. Not conserved for Dirichlet BCs.

The Lorentz symmetry comes from the worldsheet symmetry é X# = e*” X,,, which is
a symmetry if e*” = el’]. The associated conserved currents are MG, = X Py —(p < v).
The corresponding charges M, = [ (M7, do — M, dr) are the angular momenta (and
MY is related to the center of mass position at ¢ = 0).

o Ty = 1/2wad’he. Consider string in 12 plane. Find that the rotational angular
momentum has Mz = [;* do(X1P3 —X,P]), which using above X(t,0) and P™ = %&X,
leads to M5 = 02T, /2mc. Since o1 = E/Ty and My = J, this gives J = o'hE?, which is
the Regge trajectory observation of the early *70s. 5 = heva'.

e Aside, for later: the string worldsheet analog of Sparticie D f qA,dx* is Setring D
— fz B,, 0. X"0, X"dodr.



