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Particle Physics, 4" year undergraduate, University of Ioannina
Particle Physics Homework Assignment 7
Prof. Costas Foudas, 29/11/22
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Problem 1: Consider ¥ = ( A) to be solution of the Dirac equation where # 4, U are
Up

two-component spinors. Show that in the non-relativistic limit where [ is considerably
smaller than 1, u, ~ f = vlc.

Problem 2: Show that at the non-relativistic limit the motion of a spin half fermion of
charge e at the presence of an electromagnetic field 4* = (A4°; A) is described by:

(Z’_e:‘i)z € > AO —
m —zmo-B+e x = Ey

where B is the magnetic field, ¢’ are the Pauli matrices and E= p’—m . Identify the g-
factor of the fermion and show that the Dirac equation predicts the correct gyromagnetic
ratio for the fermion. To write down the Dirac equation at the presence of an
clectromagnetic field substitute: p* — p" — ed”.

Problem 3: Show that:

(a) PysY is a pseudoscalar.
(b) Pysy" ¥ is an axial vector.

Comment on the Lorentz and parity properties of the quantities:
@ Py PPy,

(b) Yy ¥ ¥y ¥

() P Ty

(d) ilJ"sJ’” yy Vs?, b 4

() Py'w¥y,V

Itis given that {yp, "} = 0 .

Lecturer: Prof. C. Foudas, Physics, F3.303, Costas.Foudas@cern.ch 1



mailto:Costas.Foudas@cern.ch

Homework Assignment 7 POy

Particle Physics, 4" year undergraduate, University of Ioannina

Problem 4: Let P be the parity operator acting on Dirac spinors such that:

PY(x". p") = 7w (x", p")
Show that:

PY]("’)(xﬂ’pﬂ) — +q](+)(xﬂr’p/4 r)
and

PY’(')(x”,p”) — _W(-)(xﬂ r’pl‘ !)

where W™ W are the positive and negative energy solutions of the Dirac equation
and x" = (x";%), p" = (p";p), x"" = (x";-%) = (x";%") ,

Problem 5: Consider the Dirac Hamiltonian:

A

H =-iazV + pm
Show that:

[,y 1] =0
where, [T is the coordinate parity operator such that IT f(7) = f(—F)

Problem 6: Consider the Dirac equation for an electron which couples to the
Electromagnetic field

[iy”(aﬂ—ieA”(x))—m]'I’(x) =0

where 4%(x) = (@(x);A(x)) is the electromagnetic field. Show that the
Dirac equation is invariant under parity provided that the electron and the
electromagnetic field transform under parity as follows.

PY(X,t) = P'(X',1) = "y ¥(-%",1)

Pd(%,t) = &'(X',t) = &(-%',t) = &(X,1)
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