CoLuTioN KEY

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.



True False Questions. Circle the True (T) or False (F) for each part below.

@(F) Let X (w) be the Fourier Transform of a signal z(t); as you vary w, a plot of | X (w)|?
reveals how the energy of the signal is distributed as a function of frequency.

(T @TWO distinctly different signals can have the same Fourier Transform.
(T) x(t) and z(t — t,) have the same energy distribution as a function of time.
@(F) z(t —t,) can be obtained by passing z(t) thru an LTI system with impulse response
h(t) =4d(t —t,).
(T)@x(t and e/°'z(t) always have the same energy distribution as a function of frequency.

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

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

@(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) 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.



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.

1 { j, for w<0

h(t):E(———)H(w): i for w0

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
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Problem 2 (c). Consider an LTI system with impulse response

(1)

Determine the output y(¢) for the input x(¢) given below, which is the Fourier Series expan-
sion for a periodic sawtooth waveform with period T' = 7.
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Show work and write your expression for y(t) in the space directly below.
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Workout Problem 3
(a) Let Hy(w) be the Fourier Transform of the impulse response hg(t) defined below.

sin(5t)
s

ho(t) =2 sin(5t) (2)
Note that ho(t) is both real-valued and odd-symmetric as a function of time. Thus,
Hy(w) is purely imaginary-valued and odd-symmetric as a function of frequency. Plot
Hy(w) in the space provided. Note that the vertical axis values have the multiplicative
scalar j = v/—1 factored into them.

(b) Determine and plot, in the space provided, the Fourier Transform X (w) of the signal

x(t): | | ﬂ
z(t) = sin(104) 1 {Sm(lo(t — 1) , sin(10(t+ —0))}

it 2

(c) Determine and plot the Fourier Transform for the signal yo(t) defined below, where
Zo(t) = z(t) * ho(t) with ho(t) and x(t) defined in parts (a) and (b), respectively. Plot
Yo(w) in the space provided.

yo(t) = x(t) + jio(t) where:  Zo(t) = x(t) * ho(t)

(d) Determine and plot the Fourier Transform for the signal y;(t) defined below, where
1
Z1(t) = z(t) * hy(t) with hy(t) = — and x(t) defined in part (b). Plot Yi(w) in the
T
space provided.

y(t) =a(t) +jai(t)  where: an(t) = 2(t) * —

(e) Determine and plot the Fourier Transform for the signal zy(t) defined below where, as
defined previously, Zo(t) = x(t) * ho(t) with ho(t) and z(t) defined in parts (a) and (b),
respectively. Plot Zy(w) in the space provided.

20(t) = x(t) cos(30t) — o (t) sin(30t)
(f) Determine and plot the Fourier Transform for the signal z;(t) defined below where, as

1

defined previously, @1(t) = x(t) * hi(t) with hy(t) = — and z(t) defined in part (b).
T

Plot Z;(w) in the space provided.

z1(t) = x(t) cos(30t) + 21 (¢) sin(30t)



Plot your answer to Problem 3 (a) here. Show work below.

4j \—-\0 (U—»>
3

2]

']
\O

_1J'

-2l

-3]'

_4 N N A N S T I I N N U N N B I Y Y A U Sy O s B
—2.l 19-18-17-16-15-14-13-12-11-10-9 -8 -7 6 -5-4 -3-2-1 0 1 2 3 4 5 6 7 8 9 10111213 14 1516 17 18 19 20

~ Yeﬁt WS
re(& W -5 ._.—-—L 51O

Lo )

' ¥
2 sin(sb) () <> "Jl

Tv &



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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Parseval’s Relation for Apetiodic Signals
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Section Property Aperlodlc sxgnal Fourier transform
- x(2) X( o)
y(® Y( w)
4206 Dual; by X(t) ____________ 2 K(~w) -
4.3.1 Linearity ax(t) + by(t) aX_( ) + b¥( w)
432 Time Shifting x(t — to) ' e X (w)
43.6 Frequency Shifting e/ x(t) X( o~ wy)
433 Conjugation x'(t) X'(— w)
4.3.5 Time Reversal x(—1) X(— w)
1
435 Time and Frequency x(at) laIX ( )
Scaling
4.4 Convolution x(®)* y(1) X( 0)Y( w)
4.5 Multiplication (t) y(t) ==—-? - XCw)%Y(w) = -2—114“3(( OY( w—6):do
4.3.4 Differentiation in Time x(t) JoX( w)
: 4 1 )
- 434 Integration j x()dt j_wX( w') + X (0)6(w)
- .d
4.3.6 Differentiation in tx(®) Ja——X( )
: )
Frequency )
X(w) =X(~ w)
, _ ) | RelX( w)} = Re{X(— w)}
433 Conjugate Symmetry x(t) real Im{X( w)} = —Im{X(— fa
for Real Signals : IX( )| = [X(— )]
| ¥X( @) = X (- @)
433 Symmetry for Realand  x(z) réal and even X( w)real and even
Even Signals i i
43.3 Symmetry for Realand  x(¢) real and odd X( ) purely imaginary and o
0dd Signals ’ R
. =§ f) real X
433 Even-Odd Decompo- *e(?) _ @;{x(t)}. Lx )real] .ge{{; w)}}
sition for Real Sig- xo(1) = Odix (0} [x(t) 1'82 1 JjImiX( w)
nals x(0) = 'z‘“n— .r (W) dw




