
Chapter 3

3.1

Using the definition of the dirac delta
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and for fermions
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3.2

For the simple harmonic oscillator, we have
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3.3

For the three-dimensional harmonic oscillator
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we can define creation and annihilation operators
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and write the Hamiltonian as
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Ĥ = ~!
3X

i=1

✓
â
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Defining new creation and annihilation operators
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⇣
â
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†
2

i⌘
= 0

h
b̂i, b̂

†
j

i
= �ij

Inverting the above definitions
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†
3 = b̂

†
0



11

the Hamiltonian can be expressed as
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â+

1

2

◆

=
1

2
~!

h⇣
b̂
†
1 � b̂

†
�1

⌘⇣
b̂1 � b̂�1

⌘
+ 1 +

⇣
b̂
†
1 + b̂

†
�1

⌘⇣
b̂1 + b̂�1

⌘
+ 1 + b̂

†
0b̂0 + 1

i

= ~!
✓

b̂
†
1b̂1 +

1

2

◆
+

✓
b̂
†
0b̂0 +

1

2

◆
+

✓
b̂
†
�1b̂�1 +

1

2

◆�
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Defining angular momentum as
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1â2 � â
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3.4

For two particles, we have
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For n-particles, the generalization is the Slater determinant
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