
EE301 Signals and Systems 
Exam2 

Cover Sheet 

Exam2 
Thursday, Mar. 29, 2018 

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. 
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Problem I. You are given the Fourier Transform pair below 

( nt) ( t) 4ncos(w) x(t) =cos - rect - ..._.._ X(w) = 2 2 2 2 n -4w 

(a) Determine the numerical value of A1=1: X(w)dw? 

"I """, .\-; ot:I 
\/ e; \ II\.{' 

T~ ~ o .-~""" 

oO _\ s X: ( w) t\ w x ( 6) '.:. 'Z1l 
-(.le> 

(b) Determine the numer~al value of A2 ~ 1: x( t) d t? 
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(c) Determine and plot the Fourier Transform of 

4ncos(t) 
y(t) = 2 4 2 n - t 
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(d) Determine the numerical value of the energy of y(t) defined in part (c), By= .L: y2(t)dt. 

The following results may be helpful: 2cos2 (x) = 1 + cos(2x) and J cos(x)dx = sin(x). 
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Problem 2. Consider an LTI system with impulse response 

sin(t) sin(S t) 
h(t) = n-- ---2j sin(6t) 

nt nt 

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. 

(a) x1 (t) = 2 cos(6t) = ej6 t + e-j5 t 
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(b) Xz(t) = ~ ( l)JkJ . L - e12kt 

k=-oo 2 
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Problem3. 

(a) Plot the Fourier Transform X1 (w) of x1 ( t) below. ALSO, determine the energy of x1 ( t), 

Ex1 =I: xf (t)dt. 
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n { sin(2t) sin(8t)} 
X1 (t) = -
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(b) Plot the Fourier Transform X2(w) of x2(t) below. What is the energy of x2(t), 

Ex2 =I: Jx2(t)J2dt? 

x2(t) = - e { n { sin(2t) sin(8t) }} jIOt 
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(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 ( t), 

Ex3 = L: zj(t)dt? 
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(d) Determine a closed-form expression for the Fourier Transform X4(w) of x4(t) below. Plot 

X4(t). (You do NOT need to plot X4(w).) What is the value of Ex4 = 2~ L: IX4 (w)l 2 dw? 

'>( (w)~ -L 
4 t 

1 {t-2} {t-8} x4 (t) = 4rect - 4- * rect 16 

--. 5 \~h ('.2 u:) 5; J. V) ('eQJJ 

'Tr~ --
w 

:: ,·t\ (z~) 
1\ LL) 

44 
3 

9 

c0 

-s.. ,· Y\ Ceo) 
\\ u.__) 

• Io u.J -J e 
' \ LAJ 

- 0 e) 



Section Property Aperiodic signal Fourier transform 

x(t) X((I)) 
y(t) Y( w) 

_ ~-'..~·9 __ ~-i:-~ ~~ ! y ________ x ~ ~ ! _____________ -~~-~~ --~ 1 _______ . _. 
4.3.1 
4.3.2 
4.3.6 
4.3.3 
4.3.5 

4.3.5 

4.4 

4.5 

4.3.4 

4.3.4 

4.3.6 

4.3.3 

4.3.3 

4.3.3 

4.3.3 

Linearity 
Time Shifting 
Frequency Shifting 
Conjugation 
Time Reversal 

Time and Frequency 
Scaling 

Convolution 

Multiplication 

Differentiation in Time 

Integration 

Differentiation iri 
Frequency 

ax(t) + by(t) 
x(t - to) 
ei"'o' x(t) 
x*(t) 
x(-t) 

x(at) 

aX( w) + bY( w) 
-e- j<rJto X( ·w) 

X( .w - wo) 
"X*(- w) 
X(- w} 

1 xf w) 
la! \a 

x(t) * y(t) X( w)Y( w) 

· + r v 1 f+"' x(t)y(t) ~r,. XCw)% 1 Cw)-:: 211' - XC 8)Y( 
d . . -
dt x(t) jwX( w) 

r<O x(t)dt 

tx(t) 

-f-_x( w) + '7l"X(O)~(w) 
JW 

d 
j dwX( w) 

X( ·w) = X*(-. w) 

Conjugate Symmetry x(t). real 

ffiie{X( w )} = <Re{X(- w_)} 

dm{X( w)} = -dm{X(- '} 

jX( w)I = IX(-_ w)I for Real Signals 

Symmetry for Real and x(t) real and even 
Even Signals 

Symmetry for Real and x(t) real and odd 
Odd Signals 

4:X (--w) =--- <J:.-}f( ---w) -
X( w) real and even 

X( w) purely imaginary and or 

Even-Odd Decompo-
xe(t) = 8v{x(t)} [x(t) real] (Jl-e{X( w )} 

sition for Real Sig- Xo(t) = 0d{x(t)} [x(t) real] jdm{X( w )} 

. nals x(o):: in- _[x<w)dc..0 ;, 
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4 3 7 Parseval's Relation for Aperiodic Signals 3 

~·-·~~~~~-£-~_lx-(t-)j-2d_t_=~2~~J-co_-rco_IX~(-_,_~_)l2_d_w~~~~~~~~~~~-j 
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TABLE 4.2 BASIC FOURIER TRANSFORM PAIRS 

t t . ·~ 
I I 

r 

Signal 

+ro Z akejkwo' 
k=-to 

COS Wot 

sin wot 

x(t) = 1 

Periodic square wave 

{ 
1, ltl < T1 

. x(t) = 0, T1 < ltl :::;; f 
and 
x(t + T) = x(t) 

+ro 

L o(t-nT) 
fl=-® 

x(t~ ~: ltl <T1 
ltl > T1 

sin Wt 
11"t 

o(t) 

u(t) 

B(t - to) 

e-a'u(t), CRe{a} > 0 

te-at u(t), CR-e{a} > 0 

.}!,. s ;~ ( w\ t). s ~· "'-(W2 t) 
w,· 1T't "l't-t 
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Fourier transform 

+ro 

2'TT L ako(w - kw 0 ) 

k=-ro 

2TTB(w - wo) 

11"[8(w - wo) + B(w + wo)] 

'TT 
-:-[8(w - wo) - B(w + wo)] 
J 

'.211" o(w) 

f 2 sin ~woT1 o(w _ kwo) 
k=-to 

21T f s(w - 211"k) 
T k=::..;,, T 

2sinwT1 

w 

X(jw) = { l, lwl<W 
0, lwl>W 

1 ~ 

1 
-. + 1To(w)' 
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e-jwta 

1 
a+ jw 

(a+ jw)2 

-j sgn(co) = j for co<O 
-j for CO>O 
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