
EE301 Signals and Systems In-Class Exam
Exam 2 Thursday, Mar. 29, 2012

Cover Sheet

Test Duration: 75 minutes.
Coverage: Chaps. 3,4 with emphasis on Chap. 4

Open Book but Closed Notes.
One 8.5 in. x 11 in. crib sheet
Calculators NOT allowed.

All work should be done on the sheets provided.
You must show all work for each problem to receive full credit.

Plot your answers on the graphs provided.
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True False Questions. Circle the True (T) or False (F) for each part below.

(T) (F) Let X(ω) be the Fourier Transform of a signal x(t); as you vary ω, a plot of |X(ω)|2
reveals how the energy of the signal is distributed as a function of frequency.

(T) (F) Two distinctly different signals can have the same Fourier Transform.

(T) (F) x(t) and x(t− to) have the same energy distribution as a function of time.

(T) (F) x(t − to) can be obtained by passing x(t) thru an LTI system with impulse response
h(t) = δ(t− to).

(T) (F) x(t) and ejωotx(t) always have the same energy distribution as a function of frequency.

(T) (F) Forming the product of a baseband signal with a high-frequency sinewave places the
signal in another frequency band

(T) (F) Multiplying by the independent variable in one domain (time or frequency) causes
differentiation with respect to the independent variable in the other domain.

(T) (F) Multiplying by the independent variable in one domain (time or frequency) causes
multiplication by the independent variable in the other domain.

(T) (F) One of the most important practical implications of the convolution (in time) property
of the Fourier Transform (convolution in time leads to multiplication in the frequency
domain) is frequency selective linear filtering.

(T) (F) For any input signal, the energy distribution (in either the time or frequency domain)
is the same at both the input and output of an LTI system.
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Problem 2. Short Workout Problems Using Fourier Transform Properties.
Problem 2 (a). You are given that the impulse response of an ideal Hilbert Transformer
has the frequency response (Fourier Transform) given below.

h(t) =
1

πt
←→ H(ω) =

{

j, for ω < 0
−j, for ω > 0

Just view the above as a Fourier Transform Pair, and use one or more of the Fourier Trans-
form properties to determine the Fourier Transform of

x(t) = sgn(t) =

{

−1, for t < 0
1, for t > 0

Write your expression for X(ω) in the space directly below:

Problem 2 (b). Given the Fourier Transform pair below, write your expression for Y (ω)
in the space directly below.

x(t) = cos (πt) rect(t)←→ X(ω) =
2π cos(ω

2
)

π2 − ω2

Determine the Fourier Transform of the signal below in terms of T .

y(t) = cos
(

π
t

T

)

rect
(

t

T

)

←→ Y (ω) =??
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Problem 2 (c). Consider an LTI system with impulse response

h(t) =
π

2

sin(2t)

πt

sin(10t)

πt
(1)

Determine the output y(t) for the input x(t) given below, which is the Fourier Series expan-
sion for a periodic sawtooth waveform with period T = π.

x(t) =
−1
∑

k=−∞

j(−1)k
kπ

ejk2t +
∞
∑

k=1

j(−1)k
kπ

ejk2t

Show work and write your expression for y(t) in the space directly below.
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Workout Problem 3

(a) Let H0(ω) be the Fourier Transform of the impulse response h0(t) defined below.

h0(t) = 2
sin(5t)

πt
sin(5t) (2)

Note that h0(t) is both real-valued and odd-symmetric as a function of time. Thus,
H0(ω) is purely imaginary-valued and odd-symmetric as a function of frequency. Plot
H0(ω) in the space provided. Note that the vertical axis values have the multiplicative
scalar j =

√
−1 factored into them.

(b) Determine and plot, in the space provided, the Fourier Transform X(ω) of the signal
x(t):

x(t) =
sin(10t)

πt
+

1

2

{

sin(10(t− π
10
))

π(t− π
10
)

+
sin(10(t+ π

10
))

π(t+ π
10
)

}

(c) Determine and plot the Fourier Transform for the signal y0(t) defined below, where
x̂0(t) = x(t) ∗ h0(t) with h0(t) and x(t) defined in parts (a) and (b), respectively. Plot
Y0(ω) in the space provided.

y0(t) = x(t) + jx̂0(t) where: x̂0(t) = x(t) ∗ h0(t)

(d) Determine and plot the Fourier Transform for the signal y1(t) defined below, where

x̂1(t) = x(t) ∗ h1(t) with h1(t) =
1

πt
and x(t) defined in part (b). Plot Y1(ω) in the

space provided.

y1(t) = x(t) + jx̂1(t) where: x̂1(t) = x(t) ∗ 1

πt

(e) Determine and plot the Fourier Transform for the signal z0(t) defined below where, as
defined previously, x̂0(t) = x(t) ∗h0(t) with h0(t) and x(t) defined in parts (a) and (b),
respectively. Plot Z0(ω) in the space provided.

z0(t) = x(t) cos(30t)− x̂0(t) sin(30t)

(f) Determine and plot the Fourier Transform for the signal z1(t) defined below where, as

defined previously, x̂1(t) = x(t) ∗ h1(t) with h1(t) =
1

πt
and x(t) defined in part (b).

Plot Z1(ω) in the space provided.

z1(t) = x(t) cos(30t) + x̂1(t) sin(30t)
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Plot your answer to Problem 3 (a) here. Show work below.
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Plot your answer to Problem 3 (b) here. Show work below.
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Plot your answer to Problem 3 (c) here. Show work below.
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Plot your answer to Problem 3 (d) here. Show work below.
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Plot your answer to Problem 3 (e) here. Show work below.
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Plot your answer to Problem 3 (f) here. Show work below.
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