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Problem 1: In homework assignment 10 we have shown that the CP transformation of a  
negative helicity and massless neutrino results to positive helicity antineutrino which is 
described by

                            Ψ
CP

(x ) = −υ(2)(− p⃗ ;m=0)e+ip
0 x0

−i(− p⃗)⋅x⃗

Apply a Time Reversal transformation on Ψ
CP

(x ) to derive the TCP transformed 

spinor ΨTCP ( x) .

Problem 2: Consider a negative energy electron coupled to an electromagnetic field. The 
electron is described by the Dirac equation

       [ a⃗⋅(−i ∇⃗−e A⃗( x ))+βm+eΦ (x )]Ψ ( x) = −EΨ ( x) where E>0

1. Show, by requiring that this equation is invariant under TCP, that electromagnetic 
field transforms under TCP as ATCP

μ
(−x) = −Aμ ( x) . 

2. The TPC transformed electron corresponds to a positive energy solution.

Problem 3: Show that

a)                                           F μν F̃ μν = E⃗⋅B⃗

b)  this term violates both Parity and Time Reversal symmetries.

F μν
= ∂

μ Aν−∂
ν Aμ is  the  Maxwell  tensor  and  F̃ μν

=
1
2
εμναβ F αβ its  dual.

E⃗ , B⃗ are the electric and magnetic fields respectively.
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