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TABLE 20.1 Several properties of the Fourier Transform.

TABLE 14.1 Properties of the DTFT. z'("t')“" i;’(“;(';)’ Lol property
Sequence DTFT Property :
L | z(n) X(e¥) (14.1) u(®) Y (i)
- t) + by(t X(j9) + bY (jQ2 linearity
2 v Y 12 az(t) + by(t) aX(jQ) ()
i z(at) iX(%) scaling
3. | az(n) +by(n) | aX (&) +bY () linearity lal
- - X(t 2m - x(—jR duality
4. | z(n—no) eIMX (e!) time-shifts 2 "l
z(t — to) e e X (5Q) time-shifts
5. | &°"z(n) X (e?@=e)) frequency shifts i _ :
e’*ety(t) X(3Q - j0) modulation
6. | cos(wen)z(n) %X (ej“""““’)) 4 %X (e““"“’“’) modulation
t
’ ) / z(7)dr ]LQ X(GQ)+m- X(0)-0(59) integration
H e jw—wo) ) _ 2 j(Wtwe) -
sin(won)z(n) 2jX (e’ ) 2jX (e’ )
dx
7. | z(-n) X(e7¥) time-reversal % i X(GQ) differentiation
‘ —dX(@7) - — -
& nz‘(ﬂ) ! dw Tncacxmodulation /_ z(Ny(t—Adx | XY () convolution
9. | x(n)*y(n) X (&)Y (&) convolution
) L o
10. | z(n)y(n) X ()oY () multiplication =) o /; N X@EAY (G = jA)dx multiplication
11. | z*(n) [X(e'j“’)]' conjugation L /— Je(t)]dt = %/ |X(jQ)[*dQ | Parseval’s relation
TABLE 13.1  Some useful DTFT pairs over the interval w € [—m,@].
Sequence x:(n) DTFT X (¢’“) over one period
2(n) = 8(n) X(&) = 1
:t(n): 1, OSHSL—I XeJ‘" L) i w=0
0, otherwise (%) = g-jwgt sin(wl/2) otherwise
sin (w/2) ’
z(n) = a™u(n), |a| <1 X (et
1-—qe-iw
z(n) = —a"u(-n—1), |a|>1 | X(e)= —L
1 —qe-iw
z(n) = &Sinc(w,.n) X (e7%) = L, lw| < we
i 0, we<lw<nr

2(n) = elwon

X (€7) = 2md(w — w,)

z(n) = cos(won), wo € [—, 7]

X(e™) = 7 [6(w — wo) + 6(w + wo)]

z(n) = sin(won), wo € [—m,n]

X(e) = —jm [0(w — wo) — d(w + wa)]
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10 pt Problem 1:

The Nyquist rate of x(z) is 10 radians/s. What is the nyquist rate for each of the following.
Please explain your answer. No points will be given without an explanation

(@) y(t) = x(2) *x(1)

y(t)= sinc( g;" t] x(1) where Q= 2rads / sec
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10 pt Problem 2:

Find the DTFT of the following functions. Please be sure to show your work as no points
will be given for simply stating the final answer.
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10 pt Problem 3:

Find the DTFT of y(n) and then sketch its magnitude and phase response. Be sure to
show your work.

y(n)=x(2n)
sin(ﬂ(n—Z))
8
where x(n)=———
(n=2)
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20 pt Problem 4:
We start with an analog signal x(t) given below

x(¢)=cos(2m 150 ¢)+0.3sin(27 1900 ¢)+ 0.7 cos(27 3300 ¢)

x(t) is then sampled at a sampling frequency of 4000 Hz to generate the sequence {x(n)}
The sequence {x(n)} is then filtered by a brick wall (ideal) Low Pass Filter with a cutoff

14
frequency We = 9 to generate the sequence y(n)

The sequence y(n) 1is then wused to create the analog pulse train

s(t)= Zy(n) o (Z —n 2000 t]

S(t) in turn is passed through an analog filter with impulse response

hg,.(t)= SlIlC(ﬂ 4000 ¢ ) to produce the analog signal z(t)

Generate S(t t
X(t) —’\—Xin)—b h(n) y(n) d Imp'JIse ( ) i hsinc(t) Z( )
train

(a) give an expression for x(n)

(b) sketch the magnitude response of X(e™™) from —pi to pi
(c) give an expression for y(n)

(d) sketch the magnitude response of S(f)

(e) give an expression for z(t)

(70 217 3300
@ ()= Co)?lﬂ'/{@ n| o3 ;,'a/jyf/_,\ + 0.2 Cos /n>
Y e00 % goo ey
(D= 3T 152 | 40z s (AT X0 ) o gy a7 teves 330,
Yo00 Yoo 0
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