EE 301 Final Exam
December 13, Fall 2001

Name: ,K e/

Instructions:

e Follow all instructions carefully!

e This is a 120 minute exam containing six problems totaling 150 points.
e You may not use a calculator.

e You may not use any notes, books or other references.

e You may only keep pencils, pens and erasers at your desk during the exam.

Good Luck.
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Name:
Problem 1.(25pt)

a) Prove that the DFT is an orthogonal transformation.
b) Derive Parseval’s relation for the DFT.

¢) Caleulate X, the N point DFT of z[n] = e™7>™/¥ for any integer m. Sketch the

magnitude of Xy for 0 <k < N.
d) Calculate X the N point DFT of z[n] = cos(—j2rmn/N) for any integer m. Sketch the

magnitude of X for 0 <k < N.
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Name:
Problem 2.(25pt)
Consider a discrete-time system y[n] = T [x[n]] where the input z[n] and the output y[n]

obey the following difference equation
y[n] = ay[n — 1] + z[n]

where |a| < 1.
a) Prove that this system is either linear or nonlinear.
b) Prove that the system is cither time varying or time invariant.

c) Calculate the frequency response of the system H (w), and use this result to calculate the

impulse response h[n].
d) Calculate the output y[n] when the input is z[n] = b"u[n] where a # b and Ib] < 1.
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Name:
Problem 3.(25pt)

Cousider the discrete time LTI system y[n] = T [z[n]] with real valued input and output and

frequency response H(w) = A(w)e’*“) where A(w) and ¢(w) are real valued functions of w.
a) State whether A(w) and ¢(w) are symmetric or antisymmetric functions of w.

b) Calculate the output y[n] when the input is z[n] = e’*°™. Your result should be in terms
of the functions A(w) and ¢(w).

c) Calculate the output y[n] when the input is z[n] = cos(won). Your result should be in
terms of the functions A(w) and ¢(w).

d) Calculate the output y[n] when the input is z[n] = a + b(—1)" + sin(won). Your result
should be in terms of the functions A(w) and ¢(w).

z W
) (w) = 2. x(ne’”
- NS =R

" wn

wn * J
X*(u) {%_ x(ne } . 2._ x¥(n)e
I wn)n alueg recl, Then x¥l)=x() ond e geb
(-w) = X(w) i xt) real. @

TI XL .
Let x(w) = 'X(‘NHCJq «) Udmd we Jce that
- X(-w) ¥ X(w)
- 1xale T e xty s e’

lX("N)I = \X(W)l %M&aﬂ;ndc . ﬁmme)‘n\c 7£Mc‘
-3y X(-w) = J xlw) = ,oha)e 13 an a)dmrngfnc f”nc°

The Jome ofammen-)- hold) ]Lw Yln) Jdince e kaow
That d(n) D alwegs re€el. N

<

9



Name:

ﬂ(w): Viw) - !:/(w)\ equ(w)

o) )] T3 xW)

H (W) = A(w)e

= Alw)= \\/(w)\ N dz)mmem”(, /
| X ()

o) = V(W) - 3 XWw) 2 onhyymmelic

b = x)hl) <= V(w) = X (W)
e e T e xae Z 8 (w-wo-2v¢)

= -0

do V(w) = HW) % J(w-wo—aq.e) )
d= - 2 &\,S,‘\'{V\d [)/\)I){(U

= S B d (w-wg-2nd)

{=-o
we N - ej""@h (A(WO)QT¢‘W0)>
/

) Qm = Blw) e

¢) 0> W = _Lejw"“_,, 0\ e“:)'wovx
- 2
(\"’( W E_Ti_&_ajwoﬂflc»jcﬂﬂ
Ja d NEER W an | = 3 s }
3¢‘T¢(w°)+ L e—jwnﬁ (~wo) eﬂi(—wo)

= L CSNOA (
2 A o 2

AW D aymmetic =) Aol 2 Alo)
¢(u) »  enh Jamme*ﬂc =) gi("wo) = - ?C""O)-

10



Name:

o Y

T(Woﬂ+¢(“°)) —j("“o" +¢(‘*‘o))
M)=§Awde +éemge

= A(wg) o> (won +¢(wo3)//

3“"\ 3’04\ m&(

ﬁ) b(")n =he ) a=at”,

~WwgWN ~TYWenN
4»\/\an=—?:\»¢3°—-2§;€
-1
o gEa_ 3 @3N L e ‘M}
Jo a(f))z TYQC +be T 25 P

- aMlo) Fbed hm) + 'zj} e3™9 (i)

- --—L e-wn ﬁ("’“o)
()

TP10)
H () = Alo)e’ " = AL9) _390)

H (wq) = Pf(“o)ej¢w°)/ H(-wol * Alwle |
— (won +9(wo))

3¢(fr) A (o) 3

= = H(o)fb(*')nﬁ(n)e + flwo) e
=4 a(’l) a 2 ( .
~Jlwgn+ W

- Al o

ly

(7) - .
= Zl)(n\ = a ALa) 4 b(-N" Al €T¢ H-r Alwe) Sin (wo + §(wo)) //

11



Name:
Problem 4.(25pt)

The input to a radar receiver is a discrete time signal z[n] = e™7“°". Define the “window”

function of length N as w[n] = u[n] — u[n — N]. Then the radar signal processor “windows”

input to form the received signal r[n).
r[n] = win] z[n]

a) Calculate X (w) the DTFT of z[n] and sketch a plot of its magnitude. Make sure to label

all relevant quantities on the plot.
b) Calculate W (w) the DTFT of w[n] and sketch a plot of its magnitude. Make sure to label

all relevant quantities on the plot.
c) Calculate R(w) the DTFT of r[n] and sketch a plot of its magnitude. Make sure to label

all relevant quantities on the plot.
d) Calculate Ry the DFT of r[n] and sketch a plot of its magnitude. How does your plot

depend on the value of wy?
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Name:
Problem 5.(25pt) Consider system designed to sample a signal z(t) and reconstruct a signal

z(t). Assume that the signal z(t) is band limited to frequencies |w| < ws/2 where w, — 27 /T

The system is governed by the following set of equations.

yln] = z(nT)
s(t) = _Z ylklo(t — kT)

z(t) = s(t)*sinc(t/T)

Furthermore, let X (w) be the CTFT of z(t), let Y (w) be the DTFT of y[n], let S(w) be the
CTFT of s(t), let Z(w) be the CTFT of 2(t), and let H(w) be the CTFT of A(t).

(For all sketches in this section, label all relevant quantities, and make sure that all your
plots are consistent with each other.)

a) Sketch the magnitude of a typical function X(w).

b) Calculate Y (w) in terms of the function X (w) and sketch the magnitude of Y (w).

¢) Calculate S(w) iu terms of the function X (w) and sketch the magnitude of S(w).

d) Calculate Z(w) in terms of the function X (w) and sketch the magnitude of Z(w).
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Name:
Problem 6.(25pt) Consider a digital signal processing system with input z(¢) and output
z(t) where the input signal z(t) is band limited to frequencies |w| < w,/2 for w, = 27 /T

The system is governed by the following set of equations.

yln] = x(nT)
fln] = yln] * g[n]
s(t) = _Z fIK]o(t — KT)

z(t) = s(t) *h(t)

Furthermore, let X (w) be the CTEFT of z(t), let Y (w) be the DTFT of y[n], let G(w) be the
DTFT of g[n], let F(w) be the DTFT of f[n], let S(w) be the CTFT of s(¢), let Z(w) be the
CTFT of 2(t), and let H(w) be the CTFT of h(t).

a) Calculate the Z(w) in terms of the functions X (w), G(w), and H(w).

b) Consider a digital recording system which we will refer to as DRA. The system DRA
uses no digital filter (i.e. f[n] = y|n|) and reconstructs the signal using a standard digital-
to-analog converter (D/A converter) running at a frequency of 1/T. Real D/A converters
can be modeled as generating square pulses of width T', so /() = rect(t/T).

Calculate the Z(w) in terms of the function X (w) for the system DRA.

c) Is the system DRA a LTI system? If so, why? If not, why not?

d) A second digital recording system is designed which we will refer to as DRB. The system
DRRB also uses a real D/A converter running at frequency 1/7', but the filter G(w) is chosen
so that z(t) = z(t).

What is the value of G(w)?
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