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

unitary and hermitian matrices:

(i) Any n× n unitary matrix U , i.e. U †U = 1, can be written as

U = exp(iH)

where H is hermitian, H = H†.

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

Note: This result means that n × n unitary matrices with unit determinant can be

generated by n× n traceless hermitian matrices.

Problem 2 [An identity for SU(2) matrices ] Prove the following identity for 2 × 2

unitary matrices generated by Pauli matrices:

exp(ir · σ) = cos r + (r̂ · σ) sin r , (1)

where σ = (σ1, σ2, σ3) ; r = |r| is the magnitude of the vector r; and r̂ = 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(γµ1 . . . γµn) = 0, with n odd

(ii) tr(γµγν) = 4gµν

(iii) tr(γµγνγργσ) = 4(gµνgρσ − gµρgνσ + gµσgνρ)

(iv) tr(γ5) = 0

(v) tr(γµγνγ5) = 0

(vi) tr(γµγνγργσγ5) = −4iεµνρσ

(vii) tr(γµγνγργσ . . .) = tr(. . . γσγργνγµ)

(viii) γµγµ = 4



(ix) γµγνγµ = −2γν

(x) γµγνγργµ = 4gνρ

(xi) γµγνγργσγµ = −2γσγργν

(xii) εαβγδεαβγδ = −24

(xiii) εαβγµεαβγν = −6δµν

(xiv) εαβµνεαβρσ = −2(δµρδνσ − δµσδνρ)


