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Part A. (1 mark each)

1. Suppose A ∈ C5×3. It is true that:

(a) the maximum row rank is 5 and the maximum column rank is 5,

(b) the maximum row rank is 5 and the maximum column rank is 3,

(c) the maximum row rank is 3 and the maximum column rank is 3,

(d) the maximum row rank is 3 and the maximum column rank is 5.

2. Suppose Q is a unitary matrix. It is not true in general that:

(a) det Q = ±1,

(b) qjj = 1,

(c) geometrically, in the real case, Q represents a rotation or a reflection,

(d) QQH = I.

3. The 1- and ∞-norms of vector v = (1,−2,3)H are:

(a) ‖v‖1 = 2, ‖v‖∞ = 3,

(b) ‖v‖1 = 6, ‖v‖∞ = 3,

(c) ‖v‖1 = 2, ‖v‖∞ = 1,

(d) ‖v‖1 = 6, ‖v‖∞ = 1.
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Figure 1: Diagram for Question 4.

4. Consider the circle and ellipse shown in Figure 1. The depicted circle is the unit
circle and the ellipse is its image under transformation by the matrix A ∈ R2×2.
The matrix A has the SVD A = UΣVH . The vectors w and x can be expressed as:

(a) w = σ2u2, x = u1,

(b) w = σ2u2, x = v2,

(c) w = σ1u1, x = u2,

(d) w = σ1u1, x = v1.
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5. Consider the matrix A whose SVD is

A =


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
H

.

The rank and null space of A are:

(a) rank(A) = 3, null(A) = ∅,

(b) rank(A) = 3, null(A) = 〈e3〉,
(c) rank(A) = 2, null(A) = ∅,

(d) rank(A) = 2, null(A) = 〈e3〉.

6. It is not a property of an orthogonal projection matrix P that:

(a) PPH = I,

(b) I− 2P is unitary,

(c) P = PH ,

(d) P = P2.

7. The Gram-Schmidt algorithm for QR decomposition is called a method of tri-
angular orthogonalisation because:

(a) the Q matrix is incrementally constructed using triangular operations,

(b) the R matrix is not only triangular but also unitary, like Q ,

(c) the R matrix is incrementally constructed using unitary transforma-
tions,

(d) the Q matrix is not only unitary but also triangular, like R.

8. In an overdetermined set of linear equations Ax = b the residual r is defined
as:

(a) r = (bHb)−1bHx,

(b) r = b−Ax,

(c) r = AHAx,

(d) r = A+b.
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Part B. (3 marks each)

9. A permutation matrix is a square matrix consisting of zeros and ones. Each
column has a single 1 and each row has a single 1. That is, if Π is a permutation
matrix and v is a vector then Πv is a vector whose elements are a permutation
(rearrangement) of those in v.

The induced p-norm and Frobenius norm of an n × n permutation matrix Π
are:

(a) ‖Π‖p = √n, ‖Π‖F = n,

(b) ‖Π‖p = 1, ‖Π‖F = n,

(c) ‖Π‖p = √n, ‖Π‖F =
√
n,

(d) ‖Π‖p = 1, ‖Π‖F =
√
n.

10. The singular values of the matrix

A =

1 0
1 1
0 1


are:

(a) σ1 =
√

3, σ2 = 0,

(b) σ1 = 3, σ2 = 0,

(c) σ1 = 3, σ2 = 1,

(d) σ1 =
√

3, σ2 = 1.

11. Consider the matrix A from Question 10. The orthogonal projection matrix P
onto range(A) is:

(a) P = 1
3

(
2 1 −1
−1 1 2

)
,

(b) P = 1
3

 2 1 −1
1 2 1
−1 1 2

,

(c) P =

1 1 0
1 2 1
0 1 1

,

(d) P = 1
3

(
2 −1
−1 2

)
.
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12. Consider the matrix A from Question 10. Its full QR decomposition is:

(a) Q̂ =


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

1√
2

− 1√
6

1√
3

1√
2

1√
6

− 1√
3

0
2√
6

1√
3


, R =



√
2

1√
2

0

√
3√
2

0 0


,

(c) Q̂ =
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(d) Q =
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