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Sampling and Reconstruction

Ideal Sampling

Xs (t) Convert to
x(t) 4’@ > Time Sequence > x|n]

p(t) = 3 s(t—nT,)

n=—w

Ideal Reconstruction

X (t) Reconstruction

> Convert to > .
x[n] Impulse Signal | ;'l(t?r ) > x,(t)
r\Jw

3A DTFT 3 fous hon i



Sampled Signal

Ideal Sampling

g 3 A 4 =1
Xs(t) = Xc(t) Z 6(’: — nTS) Xs<t) — Xc(t) Z 1 jkogt
= —oo S s
3 - 21T
= Z xc(nTs)é(t — nTS) w, = -
N\ = W, \_ s p.
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CTFT Frequency Shift Property

Continuous Time Fourier Transform

x(t) = i T X(jw) e daw - X(jow) = [ x(t) e ™ dt
x,(t) - X (jw)
x.(t)e’ - X (jlw—kw,))
s =1 ) s = N
x(t) = x(t) 2, —e @ (X (o)== 2 X (jlo-kw,)
k=-o S sk=—w
w = 21T w = 21T
N L y N e Y
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CTFT Delay Property

Continuous Time Fourier Transform

X0 = S [T x(w) e e @ X(jw) = [ x(0) e de
5(t —t,) — ot
6<t o nTS) ” —jwnT,
/ 400 \ / T '
Xs(t) = Xc<t) Z 6(t— nTS) h XS(J(U) — Z Xc<nTs) e—anTS
= Z.O Xc<nTs)5<t - nTs) = Z.o x[n] —jonT,
\ n=-x J \_ n=-% Y
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CTFT of a Sampled Signal

Continuous Time Fourier Transform

x(t) = %ft:X(jw)e”“’tdw - X(jw) = [ x(t) e dt
4 = @ 1 & N
L kast . -
X ; T - X,(jw) Tskzz_ch(J(w kw,))
w = 21T w = 21
N ’s y, N ' y,
|l |l
- N - =
X > 6(t—nT)) > X (nT)e "
n=—ow ” n=-w
= Z x.(nT,)6(t —nT,) = Z x|n]e M
"= J N 4
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z-Transform of a Sampled Signal

4 é +oo N\
> X(nT)e " X(jo)= = 3 X(jlw=ka,)
n=-—o sk=—w

= 3 xnfe w, = T

N J - ’ J
CTFT of a sampled signal
+o0 om 1 400 . 2 k
> Anle’™ = L ¥ X(jlw-ke,) = T 2 Xlilo—=7)
n=-ow s k=-w s k=-w s

jw, evaluated at z = ¢’“"
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z-Transform and Normalized Frequency

-

X (jw) =

n=-—w

+o0

Z x[n]e 7o

+ o0
Z X, (nT,) e Jonts

z-Transform

Normalized
Frequency

Discrete Time
Fourier Transform
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DTFT and CTFT

- = . - = N
X,(jw) = ¥ X([nT)e " X(jo)= = 3 X(jlw=ka,)
n=-—o sk=—w
< —jwnT - 21T
= > x[n] S W, =
N J - ’ J
X)) = D, x[n]e® DTFT of a sampled signal
X() | = X("7) = = 3 X(jlw-ko,)
® = wT, T ==,
1 < 2k
= i};@ X (jlw— T. )
CTFT of a sampled signal
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CTFS and DTFS

Continuous Time Fourier Transform

00 i 1 + o0 . w0
X(jw) = [x(t)e?de e x(t) = — [ X(jw)e " duw
Discrete Time Fourier Transform
0) - —jn 1 el W +jwn
X('®) = D> x[n]e”’ = x[n] = Ef—" X(e’*) e
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