
ΑΒΓΔΕΖΗΘΙΚΛΜΝΞΟΠΡΣΤΥΦΧΨΩ
αβγδεζηθικλμνξοπρςστυφχψω
+<=>±×⁄←↑→↓⇒⇔∇∏∑−∓∙√∞
≤≥≪≫∫∲∂≠〈〉ħ

Chapter 1 : SECOND QUANTIZATION
Review
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2. FIELDS

So far we have written the N-particle theory in 
terms of some complete set of single-particle 
states.

The s.p. wave functions are denoted by ψE(x) 
where x = a set of coordinates for one particle, 
and E = a set of quantum numbers for one 
particle.

The annihilation and creation operators, e.g., 
denoted by ci and cj

☨ , annihilate or create a 
particle in the state ψEi or ψEj , respectively.

But we could choose a different set of s.p. states, 
which would result in a different set of wave 
functions and quantum numbers; but it is still the 
same theory — just a different basis.

Now we define a quantized field  for the particles, 
such that the the theory no longer depends on 
any specific set of s.p. states. 



We have the theory written in terms of a 
specific set of single particle states.

H = ∑ij ci
+ < i |T| j > cj 

+ ∑ij ci
+ cj

+ < ij |V| kl >  cl ck
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+ ]
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+ ]

土
  = δij        for fermions / for 

bosons

Now…
● define the field operator for these 

“particles”;
● figure out the defining equations of the 

field (i.e., commutations relations);
● and, what is the Hamiltonian?







Field operators and wave functions

What is an electron?

particle or wave?

The answer from quantum field theory:
there is an electron field ψ(x), and the 
electron is the quantum* of the field.

ψ(x) annihilates an electron;
ψ+(x) creates an electron.

*quantum = single excitation

But then what is the “wave function”?

Dirac provided the answer.
For a single particle in the state with 
quantum numbers E,

ψE(x) =  < x |   E >

where | E > = cE
+ | vacuum > ;

cE
+ = ∫  ψ+(x) ψE(x) dτ .

All of this is just formal theory.
What can we actually calculate from it?


