6.3000: Signal Processing

Discrete-Time Fourier Transforms

Synthesis Equation

! X(Q) eI dQ

x[n] = o
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Discrete-Time Fourier Transform

Find the Fourier transforms of the following discrete-time signals.

o ifn] = a ifn>0
0 otherwise

o 13[n] =z [n—ny)
e x3[n] = Symmetric{z[n]}
e 14[n] = Antisymmetric{z[n]}

o 15[n] = nxin]



Discrete-Time Fourier Transform

Find the Fourier transform of

21[n] = a® ifn>0
! 0 otherwise

n=0

1 ,
=T provided |a| < 1



Discrete-Time Fourier Transform

Plot the transform.

a ifn>0 - 1
x1[n] = Xi(0)= —"+
1fn {0 otherwise - 1) 1 — ae 7%

Note that denominator is sum of 2 complex numbers.
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Magnitude is symmetric in 2 and periodic in 2.

Angle is antisymmetric and periodic in 2.
How would these change if —1 <a <07
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Discrete-Time Fourier Transform

Find the Fourier transform of za[n] = x1[n — ny).

o0

Xo(Q2) = Z To[n]e IS
= i z1[n — ngle 7"
= io: 1 [m]e~7Um+n0)
AL i xl[m]e_jgm

m=—0o0

= 7780 X, (Q)



Discrete-Time Fourier Transform

Find the Fourier transform of za[n] = x1[n — ny).
Xo(Q) = e X, (Q)

1|X2(Q)\: | X1(2)] S\

1—a

1+a QO

—2m 2

Magnitude is unchanged.
Phase offset by —Qng.
e still antisymmetric?
e still periodic in 277




Discrete-Time Fourier Transform

Find the Fourier transform of z3[n] = Symmetric{z[n]}.

1

X3(Q) = > 5zl + 1 [—n])e "
n=-—00
1 & 1 & ,
=3 z1[n] eI 4 5 Z z1[—n] e I
n=—oo n=—oo
= 1X (Q) —i—l i z1[m] &m
Pl 2 !
m=—oo
1 1
= §X1(Q) + §X1(—Q)
71( 1 N 1 >71 1—ae 7?41 — qe®
2\l —qe 2 T 1 —qed?) 2\ 1 —ae i — qei + a2
1—acos(?

1 —2acos ) + a?

real and symmetric 25" real and symmetric



Discrete-Time Fourier Transform

Find the Fourier transform of z4[n] = Antisymmetric{z1[n]}.

o
1 .
XiQ= 37 Safn] —af-n)e
n=—o00
1 & , 1 & ,
=3 Z z1[n] e I — B Z x1[—n] eI
n=-—o00 n=—00
1 1 &
=-X;(Q) — 3 Z x1[m] 7
m=—o00
1 1
= 5X1(Y) - 5X1(-9)
71( 1 1 )71 1—ae® — 1+ qe 9
2\l —qe 2 1—qei®?) 2\ 1 —ae I — qei? + ¢2
—jasin

- 1 —2acos + a?

real and antisymmetric 25" imaginary and antisymmetric



Discrete-Time Fourier Transform

Find the Fourier transform of xz5[n] = nx1[n].

Xl(Q) = Z .’IIl[TL]e JSn
@)= 3 waln] (—jm)e
dQ 1 nzfooxln Jjn)e
@)= 3 nafn) e
de 1 nzfoonl‘l n|e
DTFT 1
zin] =



Discrete-Time Fourier Transform

Find the Fourier transform of z¢[n]:

1\n/2
z6[n] = { (3) n=0,24,6,8,..,00
0 otherwise
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Discrete-Time Fourier Transform

Find the Fourier transform of z¢[n]:

1\n/2
z6[n] = { (3) n=0,24,6,8,..,00
0 otherwise
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Stretching in time — compressing in frequency



Inverse Discrete-Time Fourier Transform

Find the signal whose Fourier transform is
X(Q) =e 7



Inverse Discrete-Time Fourier Transform

Find the signal whose Fourier transform is
X(Q) =e 7
1

o
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_1 / £ 3n=3) 4
2T

zn] = X(Q)ejQ"dQ

e—]3ﬂeandQ

B { 1 n=3
0 otherwise



