
S.R. Clark MM and QM Problem sheet

Problem sheet - MT tutorial 6
Main questions

Q1. Eigenfunctions and eigenvalues

[JMR QM Q6.1]

Q2. Some pictures

[JMR QM Q6.2]
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Q3. Determining the spectrum

[JMR QM Q6.3]
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Q4. The slicker operator approach

[JMR QM Q6.4]
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Q5. Functions of the annihilation operator on the ground state

Prove that

A f (A†) |0〉= d f (A†)
dA† |0〉 ,

where f (·) is some regular function possessing a power series expansion.

Q6. Special state of a harmonic oscillator - the coherent state

A state, denoted as |α〉 where α ∈ C, that obeys the equation A |α〉 = α |α〉
is called a coherent state. (i) Show that the state |α〉 = C exp(αA†) |0〉, where
C is a normalization constant. (ii) Use the result from Q5 to obtain C. (iii) Ex-
pand the state |α〉 in a series expansion of eigenstates of the number operator
N = A†A, called number states |n〉, and use this to find the probability that the
coherent state contains n quanta. What distribution do you obtain? (iv) Compute
〈α|N |α〉, the average number of quanta in a coherent state.

Q7. Another identity for operators acting on the ground state

Use the result from Q5 to prove that

exp(λA†) f (A†) |0〉= f (A† +λ) |0〉 ,

where f (·) is again a regular function possessing a power series expansion.

Q8. Elevation to a full operator identity

An operator identity is an equation which holds when the operators act on any
arbitrary state. Explain why an arbitrary state of a harmonic oscillator can be
expressed as |ψ〉= g(A†) |0〉, where g(·) is some regular function? Use this and
the result from Q7 to prove the operator identity.

exp(λA†) f (A†)exp(−λA†) = f (A† +λ),
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