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Problem 1 The Riemann tensor and its symmetries

Consider the Riemann tensor given by
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Show that the following identities are fulfilled

a) Rguu = _Rguu’
b) Rf,, + Ry, + 1, =0,
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¢) Ryou = —Ropuw, in Which R, = gpa R
d) Rpauu = Ruupa'

Show that, in dimension d, a tensor with the above symmetries possess
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DoF(R,,,) = d*(d — 1)
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independent components. Consider in particular d = 2 and d = 3 and show that the
Riemann tensor can be expressed completely in term of the Ricci tensor R, and the
scalar curvature R.

Finally, show that the field strength F},, verify the equation
DaFﬁ'y -+ DﬁF,ya + D'yFaﬁ =0
if F,, = D,A, — D, A, thanks to one of the identity of the Riemann tensor.
Problem 2 More identities
Prove the following identities:

679046 = Fa,@v + Fﬂaw gauavg“ﬂ = _gltﬁa"/ga;u
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with g = det g,,.

Problem 3 For the following actions find the Euler-Lagrange equations

Sy= 2 / (¢ (D,6)(Da) — m*6*)/Jglda
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with ), = D, A, — D, A, = 0,A, — 0,A, (check it!) and



