EE301 Signals and Systems Exam 2
Exam 2 Thursday, Mar. 29, 2018

Cover Sheet

Test Duration: 75 minutes.
Coverage: Chaps. 1,2,3, and 4, Emphasis on Chap. 4
Open Book but Closed Notes. One double-sided handwritten crib sheet.
Calculators NOT allowed.
This test contains three problems, each with multiple parts.
You must show all work for each problem to receive full credit.
Always state which Fourier Transform Property or Pair is being used.



Problem 1. You are given the Fourier Transform pair below

47 cos(w)

x(1) —cos(ﬂ—t)rect(z) X(w) =
B 2 2 T2 — 42

oo
(a) Determine the numerical value of A; = f X(w)dw?
—00

oo

(b) Determine the numerical value of A, = f x()dr?

—00

(c) Determine and plot the Fourier Transform of

(1) = 47 cos(t)
= w2 —4¢2



(d) Determine the numerical value of the energy of y(#) defined in part (c), E, = f yA(tdt.

The following results may be helpful: 2 cos?(x) = 1+ cos(2x) and [ cos(x)dx = sin(x).



Problem 2. Consider an LTI system with impulse response

sin(¢) sin(5¢) .

h(t)=n 2jsin(61)

Plot the frequency response, H(w), for this system in part (a) (you need this for each part) and
determine the respective output for each input below (four parts = four different inputs). Write
a closed-form expression for the output in the time domain for each part.

(@) x1(f) =2cos(6t) = e/bl + 761



oo (1\Ik
(b) xp(f) = Z (5) pJ2kt

k=-o00



sin(2t)

(c) this partis tricky: x3(¢) = .
T

sin(21)

2
(d) x4(t)={ } 2jsin(61)




Problem 3.

(a) Plot the Fourier Transform X; (w) of x; () below. ALSO, determine the energy of x; (1),
Ey, = f X2 (t)dt.

() = z{sin(Zt) sin(8t)}

2 Tt Tt

(b) Plot the Fourier Transform X (w) of x»(#) below. What is the energy of x, (1),
B[ ImPas

o) = {z{sm(Zt) sm(8t)}} 0i10¢
2 e e



(c) Determine a closed-form expression for the Fourier Transform X3(w) of x3(t) plotted
below. (You do NOT need to plot X3(w).) Hint: Duality. What is the energy of x3(1),

Ex3:f x5 (1) d1?

M)
14+ -




(d) Determine a closed-form expression for the Fourier Transform X4 (w) of x4(¢) below. Plot
x4(2). (You do NOT need to plot X4(w).) What is the value of E, = zi f | X4 () > dw?

JT
1 -2 -8
X4(t) = —rectq——pxrecty——
4 4 16



Aperiodic signal

Section Property Fourier transform
x(®) X( )
y(®) ¥( o)
420 Duali ty X(’C) ________ 2 K(~w) B
4.3.1 Linearity ax(t) + by(®) aX.( w) + b¥( w)
432 Time Shifting x(t — 1) e X (w)
4.3.6 Frequency Shifting el x(%) X( o —w)
433 Conjugation () X'(- w)
435 Time Reversal x(=1) X(— w)
1
435 Time and Frequency x(at) HX (—;o—)
Scaling
4.4 Convolution x(@ = y(E) X( 0Y( w)
4.5 Multiplication x(t)y(t) <—1‘r’-—- )(Cw)%\{(w) = ;er( OY( w—06):de
434 Differentiation in Time ——x(t) joX( o)
t 1 '
434 Integration f x(t)dt j—wX( w) + mX(0)d(w)
- o,
43.6 Differentiation in tx(t) J 75X »)
Frequency )
X(w) =X~ w
_ | RelX( )} = Re{X(— @)}
433 Conjugate Symmetry x(t) real  Im{X( w)} = —Im{X(- f)}
for Real Signals 1X( 0)| = |X(— w)|
[ XX( w) = —4X(— )
433 Symmetry for Realand  x(z) réal and even X( o)real and even
Even Signals - ;
43.3 Symmetry for Realand  x(¢) real and odd X( o) purely imaginary and ot
Odd Signals ‘ &
x,(f) = & f) real X
433  Even-Odd Decompo- *) " Bz{x(t)}_ [x(e re:l] .;{ X( w)}}
sition for Real Sig- xo() = Od{x(6)} [x(r) Igo] JIn{X( )

18’\;'{‘\‘6\\ \/AL(AG T{'\PO(eMS .

nals

{
x(0) = %

Xod= OOy dt

£6>§(u3) dw

43.7 Parseval’s Relation for Aperiodic Signals " 4
+o 1 %‘%
J_w [x(®)de = Zt'r ] IX( »)dw E
S\’\ F'\" \/Osvxan\"S __L
8 Fregquenc 0 om w.‘_w)
- §/><(Jc_> Coscwot>H L X( D)+ (

X (£ S n(wat)<—> = X Cwo-oy- _-s-><<wm)



TABLE 4.2 BASIC FOURIER TRANSFORM PAIRS

Signal Fourier transform
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-j sgn(w) = j for m<0

-j for >0





