EE301 Homework #9: The DFT and DTFT

Problem 1- DFT
For each of the following discrete-time signai:), calculate the DFTX}, for 0 < & < N. In
each case, assume thais an integer.

(@) z(n) =d6(n)for0 <n < N.

(b) z(n) =d(n —m)for0 <n,m < N.
(€) z(n) = /%" for 0 < n,m < N.

(d) z(n) = cos (Z™) for 0 < n,m < N.

() z(n) = sin (2“]\}’”) for0 <mn,m < N.
Problem 2 - DFT of a Sne Wave
Letz(n) = e"for 0 < n < N and letX}, be its DFT.

(a) Calculate an explicit expresion faf;, that is correct for any value of.
(b) Sketch a plot of X}| for w = 7/N and N = 20.
(c) Calculate a simplified expression &, whenw = 27m /N wherem is an integer

(d) Sketch a plot of X, | for w = 27/N and N = 20.

Problem 3 - Parseval’s Theorem for the DFT

(@) Let the functions),(n) for 0 < n,k < N have the property that

< O, O >= CM(S(]{ — l)

and let
N—-1
z(n) = Z Xior(n)
k=0
then prove that
N—-1 N-1 )
Y. e =a ) Xy
n=0 k=0

(b) Specify the functionsy(n), the constant, and the form of the innerproduet ¢y, ¢; > so
that the transform described in part a) is a DFT as describéstture.
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Problem 4 DTFT Transforms
Compute the DTFTX (w), for the following signals.

(@) z(n) = u(n) —u(n —m) form > 0.
(b) z(n) = §(n — m) for m an integer.

(€) x(n) = U0 u(n)

(d) z(n) = cos(won + @)

(e) z(n) = sin(won + ¢)

(f) z(n) = a"u(n) wherela| < 1

(9) x(n) = a™ where|a| < 1

(h) z(n) = na"u(n) where|a| < 1

(i) z(n) =a"tu(n — 1) where|a|] < 1

Problem 5 Difference Equations
Consider the discrete time systeytm) = 7' [z(n)] with inputz(n) and outputy(n) which obeys
the following difference equation

y(n) = 2rcos(0)y(n — 1) — r’y(n — 2) + x(n)
where|r| < 1 andé are real valued constants.
(a) Prove the systeffi[-] is linear.
(b) Prove the systeri |-] is time invariant.
(c) Calculate the frequency respon§éw) of the system.

(d) Calculate the impulse responis@:) of the system.



