
 

2 Dirac and the Spinor

2.1 The Dirac Equation
We know the Klein Gordon equation

22 m2 4 0

relativistic wave equation quadratic
in spacetime derivatives describing
a free scalar particle of mass m

Question Is there a relativistic
Dirac 1928 wave equation linear in

spacetime derivatives 2 37
iron m 4 0 l

rm cannot simply be 4 numbers
not Lorentz invariant

acting with Cirmatm gives

V2 22 m2 4 0

Now define anti commutator

A B AB BA

my 22 121272722



and therefore

E N 2322 44 0

Thus
pm 24 24 9

with Yuu the Minkowski metric giving
22 my 4 0

Now

a it

fo 1 ji 1 y je juju
for me 2

Last condition implies that the yn
cannot be ordinary numbers

Clifford algebra
A set of objects satisfying

condition

2 is called a Clifford algebra
One solution of equations 2 is given
by the following 4x4 matrices



g

yo I 1 1 00
gamma
matrices

ri Y Y six is

where the Oi i 1 2,3 are the

standard Pauli matrices

We also define rn Rmf
Let us compute

jiji Oi i 02 68 0102

Jiri it 62

Gigi 1

ji ri riot 1 28

Note There is no representation of the
Clifford algebra in 4d with the y

smaller than 4 4 matrices
Next let's transform to momentum space

461 foggy e imy p



plugging into i gives

r pm m Xp 0 3

Lorentz invariance

We now want to show that 13 is

Lorentz invariant

For 4 a representation of the Lorentz

group there have to be a set of
matrices DCA satisfying

DCA DA DA'D
su














