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Band-Limited Signals

If the Fourier transform F(w) of x(t) has finite
support, this analog signal is band-limited.

If x(t) Is a continuous analog signal and
absolutely summable, the it can be sampled at
Intervals T for producing the signal s(n)=x(nT).

+oo
S(w) = Z s(n)e jon
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Then s(n) Is expressed by the discrete time
Fourier transform (DTFT) equation

s(n) :%j S(w)el“"dw

Similarly, x(t) s preéented by the Fourier
transform (FT) equatlon

X(t) = — j X(w)etdw

Because of s(n)=x(nT), another representation of
s(n) Is

+oo

s(n) = x(nT) = % j X(w)e*nTdq
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Theorem (DTFT and FT),

Suppose that x(@®eL' s an analog signal,
and s(n)=x(nT). If sm)€L' so that the DTFT
sum converges uniformly to S(w),

S() = g Z (m = - 211:1{)

k=—cwm
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Theorem (Shannon-Nyquist Sampling
Theorem);

Suppose that x(t) €L' is an analog signal, and
s(n)=x(nT). If sm)eLl! so thatthe DTFT sum
converges uniformly to S(w), then x(t) may be
recovered form the samples s(n) if

X(t) Is band-limited.
The sampling frequency F=T1">2E.., Where
|Xf:{.l..‘lj| =0 fOr w = 2T'--l:"rna:!-: .
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Definition (Nyquist Rate): If a signal x(t) Is

band-limited, its Nyquist

rate 1S F=2Fmax,

where Fmax Is the least upper bound of values

w, where x(w) = o .

Reconstruction

t assumes that perfect o
obtained in the sampling o

The Interpolating sigha
supported.

must be summed to
reconstruction.
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Theorem (Shannon-Nyquist Interpolation
Theorem);

Suppose that x(t) € L IS an analog signal,
and s(n)=x(nT). If sm) €L" so that the DTFT
sum converges uniformly to S(w). Also let
2Fmax<F=1/T, where Fmax is the maximum
frequency component of x(t) in Hz. Then x(t)
may be recovered from s(n) by the following
sum.

+ oo

x(t) = Z s(_njsinc(“?t— 11:11)

k=—=co
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Uncertainity Principle

Definition (Time and Frequency Domain
Locality): The time domain locality of a signal x(t)
IS o

ﬂf[xj:% j x(0)]*t2dt

and its frequency domain locality Is

+ oo
1
2 i 2,.2
Az (X) = o j X(w)|*w*dw
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Theorem (Uncertainity Principle);

Suppose that x(t) is an analog signal, lxllz=1
and x%t):t—oast— o .
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