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Problem 1 [Unitary and hermitian matrices] Show the following relationships between

unitary and hermitian matrices:

(i) Any n x n unitary matrix U, i.e. UTU = 1, can be written as
U = exp(iH)
where H is hermitian, H = HT.

(ii) det(U) =1 implies that H is traceless.

Note: This result means that n X n unitary matrices with unit determinant can be
generated by n X n traceless hermitian matrices.

Problem 2 [An identity for SU(2) matrices] Prove the following identity for 2 x 2
unitary matrices generated by Pauli matrices:

exp(ir - o) = cosr + (- o)sinr, (1)

where o = (01, 09,03); r = |r| is the magnitude of the vector r; and ¥ = r/r is the unit
vector.

Problem 3 [Gammatics] Using only the anticommutation relations of the gamma ma-
trices, prove the following relations in a 4-dimensional space-time:

(i) tr(y#*...~#) =0, with n odd
(ii) tr(y#y”) = 4g"
(i) tr(y#y"yPy°) = 4(gh gP7 — ghPg¥® + gh? g¥P)
(iv) tr(v°) =0
(v) tr(y#9"2°) =0
(Vi) tr(yiy Py ry5) = —dierre
(vil) tr(yy"yPy7 .. ) = tr(... 7Pyt

(viti) 7y, = 4



(ix) Y*y¥y, = —29¥

(%) Y99 = 4g™"

(xi) YAy YTy, = =297 P
(xii) €Peqg5 = —24
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