
EE301 Homework #9: The DFT and DTFT

Problem 1 - DFT
For each of the following discrete-time signalsx(n), calculate the DFTXk for 0 ≤ k < N . In
each case, assume thatm is an integer.

(a) x(n) = δ(n) for 0 ≤ n < N .

(b) x(n) = δ(n − m) for 0 ≤ n,m < N .

(c) x(n) = ej 2πnm

N for 0 ≤ n,m < N .

(d) x(n) = cos
(

2πnm
N

)

for 0 ≤ n,m < N .

(e) x(n) = sin
(

2πnm
N

)

for 0 ≤ n,m < N .

Problem 2 - DFT of a Sine Wave
Let x(n) = ejωn for 0 ≤ n < N and letXk be its DFT.

(a) Calculate an explicit expresion forXk that is correct for any value ofω.

(b) Sketch a plot of|Xk| for ω = π/N andN = 20.

(c) Calculate a simplified expression forXk whenω = 2πm/N wherem is an integer

(d) Sketch a plot of|Xk| for ω = 2π/N andN = 20.

Problem 3 - Parseval’s Theorem for the DFT

(a) Let the functionsφk(n) for 0 ≤ n, k < N have the property that

< φk, φl >= αδ(k − l)

and let

x(n) =
N−1
∑

k=0

Xkφk(n)

then prove that
N−1
∑

n=0

|x(n)|2 = α
N−1
∑

k=0

|Xk|
2

(b) Specify the functionsφk(n), the constantα, and the form of the innerproduct< φk, φl > so
that the transform described in part a) is a DFT as described in lecture.
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Problem 4 DTFT Transforms
Compute the DTFT,X(ω), for the following signals.

(a) x(n) = u(n) − u(n − m) for m ≥ 0.

(b) x(n) = δ(n − m) for m an integer.

(c) x(n) = e(jω0−a)nu(n)

(d) x(n) = cos(ω0n + φ)

(e) x(n) = sin(ω0n + φ)

(f) x(n) = anu(n) where|a| < 1

(g) x(n) = a|n| where|a| < 1

(h) x(n) = nanu(n) where|a| < 1

(i) x(n) = an−1u(n − 1) where|a| < 1

Problem 5 Difference Equations
Consider the discrete time systemy(n) = T [x(n)] with input x(n) and outputy(n) which obeys
the following difference equation

y(n) = 2r cos(θ)y(n − 1) − r2y(n − 2) + x(n)

where|r| < 1 andθ are real valued constants.

(a) Prove the systemT [·] is linear.

(b) Prove the systemT [·] is time invariant.

(c) Calculate the frequency responseH(ω) of the system.

(d) Calculate the impulse responseh(n) of the system.
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