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1. Consider the following two vectors in a complex Cartesian vector space

~A = 3x̂− 4iŷ, ~B = 6ix̂+ 8ẑ

Suppose the unit vectors x̂, ŷ, and ẑ can be represented by |e1〉 , |e2〉 , and |e3〉

(a) Express these vectors ~A and ~B using Dirac notation (i.e. |A〉 and |A〉)
(b) Find components of these vectors using Dirac notation

Ai = 〈ei |A〉 , Bi = 〈ei |B〉

for i = 1, 2, and 3

(c) Find the component of vector ~A along the direction of vector ~B using Dirac notation.

2. Consider the ket vector
|ψ〉 = 1√

2
[|a1〉+ i |a2〉]

where the vectors {|a1〉 , |a2〉} form an orthonormal set of vectors

(a) Find the bra vector

(b) Find 〈a1 |ψ〉 and 〈ψ |a1〉
(c) Find the probability amplitude 〈a2 |ψ〉 and 〈ψ |a2〉
(d) What is the resulting value for k given by

k = 〈a1 |ψ〉 〈ψ |a1〉+ 〈a2 |ψ〉 〈ψ |a2〉

3. Consider the a photon described by its polarization state

|ψ〉 = eiθ√
2
[|↑〉+ i |−→〉]

where vectors |↑〉 and |−→〉 represent vertical and horizontal polarization states and form an orthonormal set
of vectors

(a) Find the bra vector

(b) Find 〈↑ |ψ〉 and 〈ψ |↑〉
(c) Find the probability amplitude 〈−→ |ψ〉 and 〈ψ |−→〉
(d) What is the resulting value for k given by

k = 〈↑ |ψ〉 〈ψ |↑〉+ 〈−→ |ψ〉 〈ψ |−→〉

4. Townsend 1.1

5. Townsend 1.2
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