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Exercise 1.1: Solutions to classical string e.o.m. 10 Credits

1. Start with the fixed-metric Polyakov action
S = / do (X, X0 - X[ X)

to derive the string equation of motion 0,0_X, = 0 with 0y =0/0oy , 0. =T £ 0.
(1 credit)

2. Show that X*(o,7) = X}(04) + Xk(o-) with
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is indeed the general solution to 0, 0_ X* = 0 and the boundary conditions X*(o + 7, 7) =
XH"(o,7). Hint: Show that the general solution splits into left— and right-mover.
Fourier transform their derivatives. Then integrate and use boundary conditions.

(3 credits)

3. Find the mode expansion for twisted closed strings, which are defined by the bound-
ary condition

X¥o+m,1)=—-X"(0,7) .
(3 credits)

4. Find the mode expansion for Neumann—Dirichlet open strings with boundary condi-
tions
X*(0,7)=0 Dirichlet at ¢ =0,

0, X" (o, T) ‘U:W =0 Neumann at ¢ = 7.

(3 credits)



Exercise 1.2: String Quantization 10 Credits

Verify that the canonical Poisson brackets
[PM(CL T) 7XV (0,77)]PB = 77/“/5(0 o 0/) ’ [Pu7 PV]PB = [XM>XV]PB =0

lead to the algebra of the a’s,

v v ~V

[, an]PB = |ar,, @n]PB = 1m0 Ominp [l an]PB =0.

Hint: What is the oscillator expansion of the canonical momentum P := 55/5Xu ¢ Fxpress
al &k as linear combinations of X*(1,0) and P*(t,0") for fized .
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