1. Convert the covariant expression ¥p®0,¥, where

o= (1) )

and U = UTp are two-dimensional spinors, into the component expression
-2V, 0V, +¥_0,V_) (2)
with a:t = %(80 + 81)

Hint: Use the following convenient basis for the Dirac matrices

(Y. ()

2. Prove the following property (valid in two dimensions)
p*papa =0 (4)

3. Show that the action
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is invariant under the following local world-sheet symmetries:

JZoxr = i,
[0
1 [2 i
B —yT — -V
Octp 5P < a,w Oar 2Xo¢>€a

(a) Supersymmetry

5e€aa = %ganaa
56)(& = 2D,€

where €(7,0) is a Majorana spinor which parametrizes susy transformations
and D, is a covariant derivative with torsion:
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where w,(e) is the spin connection without torsion.
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(b) Weyl transformations

X" =0
1
St =~
orest = Ae*
1
5AXCV = §AXCM

(¢) Super-Weyl transformations

577Xa = Pal]
d,(others) = 0

with 7(7,0) a Majorana spinor parameter.

(d) Two-dimensional Lorentz transformations

yX* =0
1
e
5lea“ = leabeab
e = —ilp
IXa — 2an
(e) Reparametrizations
Se Xt = —£PgsXH
St = —¢ Opy"
5§6aa = —Sﬂagea“—egaaagﬁ
5£Xa = _gﬁaﬁXa_XBaafﬁ

Note that A, ¢ and [ are infinitesimal functions of (7, ).

(f) Global space-time Poincaré transformations:

oXt = a*, X" +b", Ay = —0yy,

Ohoag = 0
e
0Xa = 0

4. Show that the commutator of two supersymmetry transformations on the fields
X* and Y* ) i.e. [01,00] X* and [d1, d2|Y)*, gives a translation.

5. Find the equations of motion for the fields derived from the action (5). Show the
tracelessness of the energy momentum tensor 7,5 and the p-tracelessness of its
superpartner 1.



6. Write the non-vanishing components of the energy-momentum tensor and the su-
percurrent in light-cone coordinates and show that they are conserved.

7. Show that the NS and R boundary conditions on the fermions allow to cancel the
boundary terms in the variation of the action.

8. Obtain the mode expansions for the fermionic fields in the Ramond and Neveu-
Schwarz sectors of the open string.

9. Obtain the superVirasoro generators L,, and G, in terms of oscillators.

10. Obtain the classical superVirasoro algebra:

(L, Ly = —i(m —n)Lpyn
1
(L, G, = —i <§m — r) Goir
{Gra Gs} = —2iLys (6>

Useful identities:

1. /\1p041 s pan/\g = (_1)n5\2pan s pal)\l
2. (PN)(0x) = = 5{WX)(PA) + (@) (dpN) + (VLX) (Ppa)}



