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Exercise 1: Symmetrization and anti-symmetrization operators

The symmetrization and anti-symmetrization operators are represented in terms of
the permutation operator Pv by

S± ≡ 1√
N !

N !
∑

v

(±1)ǫvPv, (1)

where the summation is performed over all N ! permutations and ǫv is the parity to the
permutation v.

(a) Show that

PvS± = (±1)ǫvS±. (2)

(b) Show that

S2
± =

√
N !S±. (3)

(c) Show that

S−S+ = 0. (4)

Exercise 2: Creation, annihilation and commutation rules for bosons

For bosons we have the commutation relation [â, â†] = 1.
(a) Show that

[

â,
(

â†
)N

]

= N
(

â†
)N−1

. (5)

(b) Show that

ân̂m = (n̂ + 1)mâ, with n̂ = â†â. (6)

(c) Let Ĥ =
∑

i ǫiâ
†â, where âi, â

†
i are the annihilation, creation operators for mode

i. Show that

âi(t) = eiĤt/~âie
−iĤt/~ = e−iǫit/~âi (7)

in two different ways:
(1) Use the results of (b) and commutation relations.
(2) Solve the Heisenberg equation i~∂tâi = [âi, Ĥ].

Exercise 3: Coherent states

Let D̂(α) = eαâ†−α∗â; we define D̂(α)|0〉 ≡ |α〉. We want to show that â|α〉 = α|α〉.
For this we need:



(a) Show that âeαâ†

= eαâ†

(â + α).

(b) The Baker-Hausdorff formula says that if any two operators Â and B̂ are such that

[[

Â, B̂
]

, Â
]

=
[[

Â, B̂
]

, B̂
]

= 0, (8)

then

eÂ+B̂ = e−[Â,B̂]/2eÂeB̂. (9)

Use this formula to show that

D̂(α) = e−|α|2/2eαâ†

e−α∗â, (10)

D̂†(α) = e|α|
2/2eα∗âe−αâ†

. (11)

(c) Using the results of (a) and (b) show that

D̂†(α)âD̂(α) = â + α. (12)

(d) Using the results of (c) you can now show that â|α〉 = α|α〉. These states |α〉 are
the so-called coherent states. They play a very important role in quantum mechanics.


