
 

2.3 Quantizing the Dirac Field

Anticommutation

We will use the operator formalism
of paragraph 1.2 to quantize
the Dirac field
Fermions are subject to the Pauli

exclusion principle that is two

Fermions with equal quantum numbers
cannot

occupy the same state

creation operators anti commute

Let us start with vacuum 107

and denote by bat the electron

creation operator
bat 107 is state with one

electron having
quantum numbers a

two electron state

b's bat 107

must have bat bat batbsttbtsb.to



Hermitian conjugation gives baby o

in particular batbat o

Now add relation

ba bat S

Defining operator
N bat by

we see

batba bst batba bst

e
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N is the number operator

as anticipated
check N bat bat bat to k bat bat to



The Dirac field
Let us now turn to the Dirac Lagrangian

a
L Flip m a

momentum conjugate to 4

Ta Say ikat

anticipate to impose

46,1 3.4 10,4 8 E Sas 2

Let's see how this comes about

iz m 4 0

plugging in plane waves ucp.ge
P

and up Seip for 4 we have

3

P m u pis
o

and 4
p m op s 0

the index s It is to keep track of
the two solutions for each of the above
equations spin up spin down














