
GEORGIA INSTITUTE OF TECHNOLOGY
School of Electrical and Computer Engineering

EE2201A
Problem Set No. 5

Date Assigned: April 30, 1999
Date Due: May 7, 1999

Reading Assignment: In Oppenheim and Willsky, read pp. 514-545.

Homework Assignment: Turn in for grading only the starred problems: 5.1*, 5.2*, 5.4*,
and 5.5*.

Practice Problems:
Look at Problems on Problem Sets 4 and 5 of EE3230, Winter, Spring, Fall of 1998 and

EE2823A Winter 1999.

Problem Practice Problems with answers
Take a look at Problems 7.2-7.4 in Oppenheim and Willsky. These problems have an-

swers at the back of the book.

Problem 5.1*
Work Problem 8.30 in Oppenheim and Willsky.
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Problem 5.2*

⊗✲ ✲ LTI System
Hr(jω)

✲

✻

p(t) =
∞∑

n=−∞
δ(t − nT )

x(t) xp(t) xr(t)

The input signal for the above sampling/reconstruction system is

x(t) = 2 cos(200πt + π/3) + cos(600πt − π/4) −∞ < t < ∞

and the frequency response of the lowpass reconstruction filter is

Hr(jω) =

{
T |ω| < π/T
0 |ω| > π/T

where T is the sampling period.

(a) Determine the Fourier transform X(jω) and plot the Fourier transform Xp(jω) for
−2π/T < ω < 2π/T for the case where 2π/T = 2000π. Carefully label your sketch to
receive full credit. What is the output xr(t)?

(b) Now assume that ωs = 2π/T = 1000π. Determine an equation for the output xr(t).

(c) Is it possible to choose the sampling rate so that

xr(t) = A + 2 cos(100πt − π/4)

where A is a constant? If so, what is the value of T and what is the numerical value
of A?

Problem 5.3

(a) A signal y(t) is generated by convolving a bandlimited signal x1(t) with another ban-
dlimited signal x2(t); i.e.,

y(t) = x1(t) ∗ x2(t)

where

X1(jω) = 0 for |ω| ≥ 1000π

X2(jω) = 0 for |ω| ≥ 500π

Impulse train sampling is performed on y(t) to obtain

yp(t) = y(t)
∞∑

n=−∞
δ(t − nT ) =

∞∑
n=−∞

y(nT )δ(t − nT )

Specify the range of values for the sampling period T that will ensure that y(t) is
recoverable from yp(t).
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(b) Repeat part (a) for the band-limited signal obtained by multiplying x1(t) and x2(t); i.e.,

y(t) = x1(t) · x2(t)

where x1(t) and x2(t) are as defined in part (a). Hint: Sketch a “typical” X1(jω) and
X2(jω) and determine the bandwidth of Y (jω) by convolution.

(c) Repeat part (a) for the band-limited signal y(t) = x1(t) cos(1000πt) where x1(t) has a
bandlimited Fourier transform as defined in part (a).

Problem 5.4*:
The discrete-time Fourier transform (DTFT) of a sampled signal can be computed di-

rectly from the samples x[n] = xc(nT ) by the formula

X(ejωT ) =
∞∑

n=−∞
x[n]e−jωTn. (1)

It also can be related to the continuous-time Fourier transform Xc(jω) by the formula

X(ejωT ) =
1

T

∞∑
k=−∞

Xc(j(ω − 2πk/T )). (2)

Suppose the continuous-time signal is xc(t) =
sin(100πt)

πt
.

(a) Determine the continuous-time Fourier transform Xc(jω) of this signal, and plot it.

(b) Now suppose that we sample the signal xc(t) with sampling period T = 1/200 sec.
Determine an expression for the sequence of samples x[n] = xc(nT ). Sketch this
sequence for −5 ≤ n ≤ 5. Also, use Eq. (2) to sketch X(ejωT ) as a function of ω
for −2π/T < ω < 2π/T . If the samples x[n] are input to an ideal D-to-C converter
operating with the given sampling period, what is the reconstructed output signal
xr(t)?

(c) Repeat part (b) for T = 1/100.

(d) Repeat part (b) for T = 1/75.

(e) In which case [(b), (c) or (d)] does aliasing cause X(ejωT ) to differ from Xc(jω)/T over
the range of frequencies −π/T < ω < π/T?

Problem 5.5*:
The discrete-time Fourier transform is defined as

X(ejωT ) =
∞∑

n=−∞
x[n]e−jωTn.

In each of the following cases, use the formula

N−1∑
n=0

αn =
1 − αN

1 − α

to determine a “closed form” expression for X(ejωT ).

(a) x[n] = δ[n − 5]

(b) x[n] = u[n] − u[n − N ]

(c) x[n] = anu[n]


