QUANTUM PHYSICS 1 Feb. 1, 2006

Exercise No. 14: The Dirac Equation

1. Show the following relations where v° = 3 and v* = Bay:
(a) 1 =109497,
(b) 77"y = =27,
(©) V"' M = 49",
(d) Tr(y"y") = 49",
(e) (@) (by") = aub* —io*a,b,, where a, and b, are four-vectors.

2. Find the transformation properties of the objects bellow under Lorentz
transformations:

(a) ¥,

(b) Vs,
(c) QZ’Y”%@U,
(d) Yot

3. An electron is subjected to a uniform magnetic field in the z-axis di-
rection. The Dirac equation in this case takes the form

(c@ -7+ pmc®)Y = B |
Whereﬁ:ﬁ—zgandw:<i>.

(a) Use a gauge in which A= s B(xj—yi). What is the exact equation
satisfied by the upper two components ¢?
A useful identity is (5 A)(6-B)=A-B+id- (A x B).

(b) Show that P = m, and Q = ¥} are canonical variables and use
this to compute the energy spectrum of the electron.

(c) What is the energy spectrum in the non-relativistic limit?



