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Question #1: Consider the subspace of RN×N spanned by S =
{
xxH , yyH

}
such that x, y ∈ RN .

(a) (6 pts) Determine dim(S). Justify why.

(b) (5 pts) Does S define a subspace of finite, linear, time-invariant filters? Justify why.

(c) (5 pts) Consider S2 =
{
xyH

}
, where x ∈ RN . Is S2 a subspace of S? Justify why.
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Question #2: Let x ∈ R50 and x 6= 0.

(a) (6 pts) Is z(x) = |x1|+ (|x2 + x3|4)1/4 + |x4| a norm? Justify why?

(b) (6 pts) Is |
∑N

n=0 |x[n]|1/2|2 a norm? Justify why?

(c) (5 pts) Is xHAx for A ∈ R50×50 a norm? Justify why?
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Question #3: Let A be a linear, causal, time-invariant, and BIBO stable system in which that
absolute value of all eigenvalues is less than 1. Let B = (I −A)−2

(a) (5 pts) Is B time-invariant? Justify why.

(b) (4 pts) Is B causal? Justify why.

(c) (4 pts) Is B memoryless? Justify why.

(d) (5 pts) Is B BIBO stable? Justify why.
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Question #4:

(a) (6 pts) (True / False) A projection operator is always invertible. Justify why.

(b) (6 pts) (True / False) A filter is orthogonal (or unitary) if the absolute square of its
frequency response is equal at all frequencies. Justify why.

(c) (6 pts) (True /False) For filters of length N , we can always use biorthogonality to achieve
perfect reconstruction in an N -channel filter bank. Justify why.
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Question #5:

(a) (8 pts) Draw the block diagram for the system H∗D2U2H + G∗D2U2G.

(b) (8 pts) Simplify the following wavelet tree into a standard filter bank representation.

H(z)

G(z)

G(z)

H(z)

2

2

2

2
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Question #6: (16 pts) Sketch the time-frequency tiling for the following filter banks.

(a) (b)
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