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1. (a) Construct an orthonormal basis starting with A⃗ = 3̂i+ 4ĵ and B⃗ = 2̂i− 6ĵ. (5)

(b) Can you generate another orthonormal basis starting with these basis? If so,
produce another. (5)

2. (a) Show how to go from the basis

|I⟩ =

3
0
0

 , |II⟩ =

0
1
2

 , |III⟩ =

0
2
5

 ,

to the orthonormal basis:

|1⟩ =

3
0
0

 , |2⟩ =

0
1
2

 , |3⟩ =

0
2
5

 ,

(10)

3. (a) Prove the Schwarz inequality. (5)

(b) When will this equality be satisfied? Does this agree with your experience with
arrows? (2)

(c) Prove the Triangle inequality starting with |V +W |2. You must use Re⟨V |W ⟩ ≤
|⟨V |W ⟩|. Find the condition for equality. (3)

4. In a vector space Vn, prove that the set of vectors {|V 1
⊥, V

2
⊥, V

3
⊥, ...⟩} orthogonal to

any vector |V ⟩ ≠ 0, form a vector space Vn−1. (10)

5. Suppose Vn1
1 and Vn2

2 are two subspaces such that any element of V1 is orthogonal
to any element of V2. Show that the dimensionality of V1 ⊕ V2 is n1 + n2. (10)



6. An operator Ω is given by the matrix

Ω =

0 0 1
1 0 0
0 1 0

 (1)

Find its action. (10)

Best wishes
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