
Chapter 2

2.1

For creation and annihilation operators defined by
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We can invert the above definitions to obtain
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Plugging these into the harmonic oscillator Hamiltonian, we obtain
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2.2

For the Hamiltonian

Ĥ =
p̂
2

2m
+

1

2
m!

2
x̂
2
+ �x̂

4
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where �⌧ 1, the energy levels to first order in � are given by
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(â

†
)
2
+ (â
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2.3

Using the equations
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†
�k

⌘

we have

xj =
1

p
N

✓
~
m

◆1/2 X

k

1

(2!k)
1/2

⇣
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Since the sum over k is symmetric about k = 0
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2.4

Using the three equations
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This di↵erential equation has the normalizable solution
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