
Quantum Mechanics (PHY 517)

Assignment 2 : Bra’s, Ket’s and Operators

This problem set is due Thursday October 11, at the end of the lecture.
Feel free to discuss the problems with others in the class, but you must write
your own solutions. The “plus” and “minus” below indicate parts are added
or removed from the corresponding problem in Sakurai.

1. Sakurai 1 plus : Prove that
[

ÂB̂, ĈD̂
]

= Â{Ĉ, B̂}D̂ − ÂĈ{D̂, B̂} + {Ĉ, Â}D̂B̂ − Ĉ{D̂, Â}B̂
[

Â, B̂Ĉ
]

= B̂
[

Â, Ĉ
]

+
[

Â, B̂
]

Ĉ

2. Sakurai 4 minus : Using the rules of bra-ket algebra, prove or evaluate

(a) Tr
[

X̂Ŷ
]

= Tr
[

Ŷ X̂
]

(b)
(

X̂Ŷ
)†

= Ŷ †X̂†

(c) What is eif(Â) in terms of the eigenkets of Â, where Â is a her-
mitian operator with eigenkets |ai〉 and f(x) is a smooth function
that can be expanded in a power-series.

3. Sakurai 5 plus :

(a) Consider two kets |α〉 and |β〉. Given that the {|ai〉} form a com-
plete set of basis kets and that the inner products 〈ai|α〉 and 〈ai|β〉
are known, find the matrix representation of the operator |β〉〈α|
in the basis of {|ai〉}.

(b) What is the matrix representation of |sy = − h̄
2
〉〈sx = − h̄

2
| in the

basis where Ŝz is diagonal?

4. Sakurai 6 : If the kets |α〉 and |β〉 are eigenkets of the hermitian opera-
tor Â, under what conditions will the sum |α〉+ |β〉 also be an eigenkets
of Â? Explain.

5. Sakurai 7 minus : Consider an N -dimensional ket space spanned by
the N eigenkets {|ai〉} (where i = 1, .., N) of a hermitian operator Â.
Assume that the eigenvalues ai are nondegenerate.
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(a) What ket(s) are produced by the action of the operator

θ̂ = Π
(

Â − ai

)

=
(

Â − a1

) (

Â − a2

)

...
(

Â − aN

)

on ANY arbitrary ket in the ket space.

(b) Setting Â = Ŝx and acting in the ket space associated with a
spin-1

2
particle, demonstrate your answer to part (a).

(c) What is the comutator of θ̂ with itself?

6. Let A and B be n × n matrices.

(a) Show that for det (A) = 0 no matrix B exists for which AB = I

or BA = I where I is the identity matrix.

7. Let ∆(λ) = det (A(λ)). Show that

d

dλ
∆(λ) =

n
∑

k=1

∆k(λ) , (1)

where ∆k(λ) is the determinant formed by replacing the k − th row of
A(λ) by the derivative of the k − th row.
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