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EE422G Homework #12 (10 points)
Due April 17, 2007

(2 points) A discrete-time filter has the unit pulsspanse
h(nT) = 4[u(n) —u(n —12)] . Place the frequency response in the form
H(e“ ) =K s?n A&) e
sinB(w)
by determiningA(«), B(«),C(a),and K. Assuming a sampling frequency of 1000
Hz, determine the amplitude and phase respondée diter at =0, 25, and 50 Hz.

(2 points) Compute the 4-point DFT of

x(n) = ex;{%} n= 0123
(2 points) Perform the 6-point circular convolutioithe following signal with u(nT-
4T). Compare your answer with that from Problent B/ 10.
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(4 points) Signal Space
Many of you are familiar with the concept ofianer-product space — a vector space
that comes with an inner (dot) product operatione® two vectory = (v, Va, ... W)
andw = (Wi, Wa, ..., W), their inner product is given by
A
(viw):=>"" viw, (1)
Note the conjugate sign on the componentsthis is needed if one allows vectors
with complex coefficients. The most useful featof@n inner-product space is the
existence of an “orthonormal” basis — a finite ¢ftinit-length vectors that are

orthogonal with each other and span the entireespitanother words, ifgf, e, ...,
e} is an orthonormal basis, we have

a. (e ,e)=1foralli

b. (e &) =0 for allij with i%]
Every vectox in the vector can then be written as a linear aoatlon of these
vectors with the coefficients being the inner-pratdoetweerx ande:

x=>" (xe)e (2)
The simplest example will be the three unit vextong x-, y- and z-axes in the
three-dimensional Euclidean space.
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It turns out that we can also interpret the N-pBIRT as a representation along
orthonormal basis. The vector space, or signalespaall the signals with N samples:



x = (x(0), ..., X(N-1)). The orthonormal basis aeg {=1,...,N} where

_(L (Q2mi-YnY) o _ o
ei—(mex;{ N j.n—O,..,N 1}

a) Show that(x,e, ) corresponds to the analysis formula of the {iH2FT coefficient.

b) Show that equation (2) in the signal space correspontis yhthesis formula of
DFT.

c) Prove that the segf i=1,...,N} as defined above is orthonormal.




