EECS 451

DISCRETE-TIME FOURIER TRANSFORM

DTFT:
Inverse:

X(ew)y =35> z(n)e " = X(2)|.,—esw (z-xform on unit circle).

z(n) = 55 |7 X (/) dw. (=m,m) — (p— 7, p+ 7) for any p.

Period:
Dual:

X (e’*) is periodic with period 27. Highest frequency: w = .
Fourier series: Expand X (e7%) as a Fourier series with period 27:
x(n)=Fourier coefficients; computed using DTFT ! formula above.

Uniform

converge

> lz(n)| < co (absolutely summable) — uni form convergence:
Nlinoo max | Xy (/) — X (e/¥)| = 0 where Xy (e/¥) = ij:_N x(n)elvn

Mean-

square

Sinc:

> |z(n)|? < oo (finite energy)— mean — square convergence:

" | Xn(e?¥) — X (e7%)[2dw = 0. Weaker than uniform:
. ) : <

.I(TL) _ sin(Bn) R X(eﬂw) _ {(1] if 0 < \w| < B

lim
N —oo

Finite
length
signal

™ if B<|w| <
z(n) =4...0,0,3,1,4,2,5,0,0...}(«(0) = 4; finite length = 5) —
W) = 3729 + 1% + 4 + 2e77% + 5e I = X (2)],—eiw

X (e3*
X(e?%) = [4 4 3cos(w) + 8 cos(2w)] — j[sin(w) + 2 sin(2w)]

Expo-
nential
provided:

z(n) = a"u(n) — X (e7¥) =577 ja"e /¥ = 1/(1 — ae™7*),
z(n) = a"u(n) + bu(—n — 1) = X(e¥) = o po

la] <1 < |b| (stable x(n) <ROC must include the unit circle |z| = 1).

DTFS:

Basis:

Periodic:
Parseval:

Square:

DISCRETE-TIME FOURIER SERIES (DTFS)
N— 1X 6]27Tn]€/N

Xk =yx Zn 0 s a(n)ed2mmk/N k=0

Discrete+periodic in time domain< Discrete+periodic in frequency.

{N if N divides k
0  otherwise

z(n), X, e?2™k/N are all periodic in n and k with periods N.

N Sonco lz(m)? = 5

2(n) = 1 ifo<n<L-1 .
10 fL<n<N-1

z(n) =

ZN 1 6]27Tn]€/N

ne=0 . Orthogonal function.

\Xk|2 =power in the periodic x(n).

—1de1V1desk else
X = 1 sin(rkL/N) ,—jnk(L—1)/N

N sm(7rk/N)
Continuous L = F
c=et P os=jw 0 F{Tam)it-n)}
Discrete Z & DTFT
Time 7= el¥
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(ppo pue [e31)
[fu=)x — :;u_m = (u}°x
(vaa9 pue [ea1)
[{#=)r + :;im = (u)%
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(), x =(my
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(m}xf [te=)ox — 1)k = (wox

(m)¥ y [(=)ax + (u)x)k = () 2x
) — (@) x]E = (@)oy () fxf
M=) x + () x ]E = (m)7y {(u)¥x
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