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Question #1: Let S; and S; be defined by the following sets

(a) (5 pts) Is Si a subspace of R? Briefly justify why.
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(b) (5 pts) " Are the elements of S; linearly independent? Justify why.
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(c) (5 pts) Determine dlm(Sg) Justify why.
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(d) (5 pts) Are the elements of S orthogonal? Justify why.
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Question #2: Let I be the N x N identity matrix, where all of the diagonal values (top-left to
bottom-right) are 1. Let J be the N x N exchange matrix, where all of the anti-diagonal values
(top-right to bottom-left) are 1. Assume N =4 and let 4 = (I + J)/v2.

(a) (6 pts) Determine the range space of A (i.e., R(A)).

— -

|0 ©C © © C | ) | 0 o]
A:- 06 1 ¢6 14 oo | C == /91,0
\Lodd p B2 JZ2[° | o
L O L :
e e e e P W]
|
Q B ‘ y
(A f? q}é)QR - é-f‘«” veede’s i Th even %m'-'W‘f/‘v
Ca - ~ 3
(b) (6 pts) Determine the null space of 4 (i.e., N(4)). ‘
T T & o0 ';2 | C404 0 ~C
vz | o V0= - = [o+d-c +O —
? cl) Q') © l'é Jz o+cel-d v | = U
_ e o S ' 220 + 0 pfjem .
f - )
{/\/(A') - —C:Js C>C{e/’_&)§ :gq“ veddor & with odd S‘/ﬂ.‘xu?/a/j

(c) (7 pts) (True ] False) A 'is a projection operator. Justify why.
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Question #3: Consider a finite-length rank-one matrix defined by 1/ - -
R=uwf Jhen VA
where v is an N x 1 vector. VAl

(@) (7pts) Can R be time-invariant? If so, with what condition on the ve;ltié of v is fhis true?
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(b) (7 pts) Can R be memoryless? If so, with what condltlon on the values of v is this true?
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(c) (6 pts) Can R be causal? If so, with what condition on the values of v is this true?
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Question #4:

() (7 pts) (True / False) If the eigenvaluess of a matrix H are only 1 and —1, then H is an .'
orthogonal matrix. Justify why. noe cf] U¥="
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(b 6 pts) (True / False) The product of all singular values of a matrix is a norm. Justify
why.
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(c) (7 pts) (True / False) A tight frame must be full rank (i.e., it must have the maximum
possible number of linearly independent columns). Justify why.
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Question #5:

(a) (10 pts)

Date:

March 20, 2017

Consider the filter bank and filters below. Simplify each branch. Draw the

equivalent, simplified filter bank and sketch the equivalent filter frequency responses.
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(b) (5 pts) Sketch the block diagram for

y = AUsD3A*z + Uz D3z
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(c) (6 pts) Sketch the time-frequency tiling for the following wavelet packet. Assume the top
filters are high pass and the bottom filters are low pass and the downsamplings are by 2.
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