
Chapter 12

12.1
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Ĥ =
1

2

Z
d
3
x d

3
p d

3
q

(2⇡)3(EpEq)
1/2

h
EpEq

⇣
â
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Normal-ordered, we obtain
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12.2

For the complex scalar field, the commutator [ ̂(x),  ̂
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For equal times, this commutator vanishes due to the properties of space-like intervals noted in Exercise 11.1
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For the non-relativistic limit, the field is given by
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12.3

For the Lagrangian
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as well as
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12.5

The non-relativistic limit of a complex scalar field with no external potential is given by
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12.6

The complex scalar field
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12.7

For an internal transformation operator
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