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-PRESENCE EXERCISE-

1 T is for Tension
In the following we discuss a first non-trivial example of the classical closed string. Let the X* fields be
given by

X% =2Rr, X'=Rsin2s, X?=Rcos20, X'=0, fori=3,...,d. (1)

(a) Show that X° in (1) is indeed a solution of the closed bosonic string. Why are X! and X? not
solutions of the equations of motion?

(b) Compute the total energy P2, = [;" doP°. What is the meaning of this result?

2 A speed of light rotating spaghetti stick

Figure 1: Worldsheet of the open string configuration given in (2). The vertical axis corresponds to the X° coordinate,
which is orthogonal to the (X1, X2) plane.

Now consider the following open string rotating at a constant angular velocity in the (X!, X?) plane.
Such a configuration is given by

X%=Ar, X'=Acostcoso, X?=Asintcoso, X' =0, fori=3,....d. (2)
(a) Verify that (2) is indeed an open string configuration solution.

(b) Are the endpoints of the string satisfying Neumann or Dirichlet boundary conditions? What is the
speed of the string at its endpoints?

(c) Compute the total energy M = P2, of this configuration.
(d) Compute the angular momentum J = |[J32|, where Jfu, = T [ do(X* X" — XV XH).

J 21

(e) Finally, compute o' = 57z

IThis parameter o/ is the slope of the celebrated ‘Regge’ trajectories: the straight line plots of J vs. M? seen
in nuclear physics in the late 1960s.



