EECS 216 DISCRETE-TIME FOURIER TRANSFORM

DTFT:
Inverse:

X(e) =5 z(n)e 7" = X(2)|.,—ciw (z-xform on unit circle).

2(n) = & [T X()e dw. (~m,m) — (p— m.p+ ) 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 DT FT ! formula above.

Uniform

converge

> lz(n)| < oo (absolutely summable) — uniform convergence:
Nlinoo max | Xy (/) — X (e/¥)| = 0 where Xy (e/¥) = ij:_N x(n)el®n

Mean-

square

Sinc:

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

" | Xn(e??) — X (&%) [Pdw = 0. Weaker than uniform:
{ 1 if0<|w| < B
0

lim
N—o0

CU(n) — sin(Bn) N X(ejw) —

Finite
length
signal

™ if B<|lw <
:U(n): {... 0,0,3, 1,4, 2,5,0,0.. }(m(O) :.4;ﬁnite length = 5) —
J9) = 3e72% + 1e/¥ + 4 4 2e79% 4+ 5e 712 = X (2)],—ese

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

Expo-
nential
provided:

z(n) = a"u(n) — X (e7*) =37 ja"e ¢ = 1/(1 — ae™7*¥),
z(n) = a™u(n) + Vu(—n — 1) = X(e*) = o

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

DISCRETE-TIME FOURIER SERIES (DTFS)

DTFS:

Basis:

Periodic:
Parseval:

Square:

X = + Zn 5 CU(n)e—j27rnk/N; x(n) _ ]kV OlX 6]27rnk/N

Discrete+periodic in time domain< Discrete+periodic in frequency.
ZN 1 j2mnk/N _ {N if N divides k

n=0 0 otherwise
z(n), X, e?2™k/N are all periodic in n and k with periods N.

N Tonso le(m)? = 3255

(n) = 1 ifo<n<L-1 -
10 ifL<n<N-1

. Orthogonal function.

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

—1f N divides k; else
Xy = 1 sin(rkL/N) —jrk(L—1)/N

N 51n(7rk/N)
Continuous L & F
c=et P os=jw 0 F{Tam)t-n)}
Discrete Z & DTFT
Time 7 =el¥
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