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String theory: Target space coordinates X*

a) Show that the energy-momentum tensor of the free fields X#(o, 1),
1
2ma/
where a, 8,7 € {o,7}, is conserved (0°T,3 = 0) and traceless (T} = 0) .

a
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Taﬁ(a, Z) - ({')aXMQgX'u - mnaﬁa’yX'ua/yXu (1)

b) We introduce lightcone coordinates 0~ =7 — 0, 07 = 7 + 0. Using that
of 1 — i
Xt(ot,o7) =at + o/phr + Z\/;Z ﬁ(aﬁe_m" +ake ), (2)
n#0
show that the Poisson bracket
{;_X“(T, o), X"(r, a’)} =2ma/'n"§(o — o') (3)

implies the following Poisson brackets of the modes,
{am,, on} = im0 omno,  {a, an} =imnomeno, {27} =0, (4)

with all other brackets vanishing. (Note that in this example, {,} denotes a Poisson
bracket, not an anticommutator.)

c) We expand the the energy-momentum tensor in modes [,,, for instance
1 -
T__=— l,e™ "7 . 5
2 zn: " (5)

Show that the modes have the following expression in terms of the modes of X*,

with aff = \/%/p“. if e

Use the expression for the [, to verify that
{a i, ln} = Z(m - n)lm—i—n )
{lns X (07,0} = e 0, X(0™, o). (7)

(10 points)



