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SIGNALS SAMPLING THEOREM

https://www.tutorialspoint.com/signals_and_sy stems/sig nals_sampling _theorem htm
Copyright @ tutorialspoint.com

Advertisements

Statement: A continuous time signal can be represented in its samples and can be recovered back
when sampling frequency f; is greater than or equal to the twice the highest frequency component of

message signal. 1. e.

fs 2 2fm.

Proof: Consider a continuous time signal x¢. The spectrum of xt is a band limited to f, Hzie. the
spectrum of xt is zero for |®|>w,.

Sampling of input signal x¢ can be obtained by multiplying x¢ with an impulse train 8¢ of period Ts. The
output of multiplier is a discrete signal called sampled signal which is represented with y¢ in the

following diagrams:
I
’/,/ i X(_t)_}
: i = multiplier —
/1 —_>
5(t) y(t) .
A = St 4 S
FGPY N |
a(t) A Y(‘) Wy - 2D U\\):Bﬁ- in
U= |
- "Pl: | %’Z'\\ fcg’L
| } Al 3| ET el |
2Ts -Ts ° Ts 2Ts 1 "\l“ Vo= |
. 1 1 Yio)
|
NGl X(w)

w «
- . © W o ._\A‘ -Wg —\"é‘\‘N_O ‘%-w (DS %2@3

Here, you can observe that the sampled signal takes the period of impulse. The process of sampling can
be explained by the following mathematical expression:

VR e T \Ljp}< Z_%Wb%ﬂv

§ Nt o A
. Ty MHev b (O FE
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Sanpled signal y(t) = (t). 6@t) .- .- (1)
The trigonometric Fourier series representation of &t is given by
t)=ao+ Ef;](au'cos nwst + bn sinnwst) ... ... (2)

T
Where ag = 7 [ 8(t)dt = 78(0)= z

T
an = -;— f_'fl §(t) cos nws dt = -:%2-5(0) cos nws0 = er-

2

T

n = ;2‘- ffz §(t) sinmwst dt = %5(0) sinnws0=0
2

Substitute above values in equation 2.
oLo(t) = %— + Z;’;l(%- cos nwst + 0)

Substitute 8¢ in equation 1.

yyft) = o(t)-80) -~
A
= a(t)| % + 22, (& cosmuwst)) ) X
! ' I e \( -, ’)/ /
= - t) + 255 (cos s t)o() — e A
' i RN
y(t)= % [z(t) + 2 coswst. (t) + 2 cos 2wst. z(t) + 2 cos Swst.z(t) ... ... ] \\j@}\} a» T\\\P Pl
v\
Take Fourier transform on both sides. ¢ X\QA

Y(w)—_--;,—A[X(w)+X(w—w,)+X(w+wg)+X(w — 2ws) + X(w + 2ws)+ ... ]

L Y(w)= TL.E“’ X(w—mw,)  where n=0,£1,%2,...

n=—00

To reconstruct x})you must recover input signal spectrum Xw from sampled signal spectrum @
which is possible when there is no overlapping between the cycles of Y@) '

Possibility of sampled frequency spectrum with different conditions is given by the following
diagrams:
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t Yw)
fs>2fm
/\ / \ /\ /\ o
-Ws 0 B Ws 2Wws .
A Y(w)
f5=2fm
perfect sampling
-Ws 0 Ws 2Ws ”
A Y(w)
f3<2fm
1pli :
/\Z \/\A under sampling w\
, £ N or

7-(1)5 0 / Ws 2ws ’ & <§/f7
v rd
RO C/\\ y
Aliasing Effect M\W\"?

The overlapped region in case of under sampling represents aliasing effect, which can be removed by

e considering fs >2fy,

e By using anti aliasing filters. h/ @

M WQL\W\J&{ULM
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